©

Copyright

Wet Paper Publications 1992, 2014

.

Except as permitted by the copyright law applicable to you, you may not
reproduce or communicate any of the content on this website, including
files downloadable from this website, without the permission of the
copyright owner.
The Australian Copyright Act allows certain uses of content on the
internet without the copyright owner’s permission. This includes uses by
educational institutions for educational purposes, and by Commonwealth
and State government departments for government purposes, provided
fair payment is made.
For more information, see www.copyright.com.au and
www.copyright.org.au.
Publisher
Wet Paper Publications
PO Box 540 Coolangatta 4225
www.wetpaper.com.au
Computer Illustrating and Typesetting
Bob Moffatt
Line Illustrating
Steven Byers, Bruce Heyer, Brady Moffatt, Rose Bedford, Sue Oats,
Meran Kilgour, Mark Moffatt, Jan Thornton
Editing
Thelma Moffatt
Business manager
Paula Moffatt
Collating of drafts and preview copies
Trent Moffatt and Mark Moffatt
Additional typesetting
Greg Moffatt
National Library of Australia Cataloguing-in -Publication data
Moffatt, R.D. 1950Marine studies, a course for senior students
Includes index.

ISBN
978-1-86283-156-8
Disclaimer
While every care has been taken to obtain the most up to date professional advice
possible by using recognised sources, references and giving safety warnings in boxes
adjacent to activities, the publishers or any members of their staff, the author, editors,
consultants and persons or organisations whose names appear in this book accept no
responsibility for any accident or injury resulting from any statement given in any
part of this work. To assist us to keep up to date, the publishers welcome any
criticisms from Government Departments or Professional Associations as to changes
that will keep this work up to date with safety or first aid information. Please submit
these in writing to the publisher who will then endeavour to keep readers informed by
regular newsletters. While every care has been taken to acknowledge work
developed by other marine studies teachers, photographs, research papers or
illustrations, the publishers wish to tender their apologies for any accidental
infringement and would be prepared to come to a suitable arrangement with the
owner.

2 Preface

Marine Studies Copyright Wet Paper 2014

Contents
Unit 1 Boating ashore and afloat
Chapter 1 Boats and equipment

9

Chapter 2 Outboard engines

35

Chapter 3 Small craft safety

57

Chapter 4 Navigation

87

Chapter 5 Small craft handling

107

Unit 2 Navigation and communication at sea
Chapter 6 Chart work
141
Chapter 7 Tides and weather

161

Chapter 8 Marine communications

185

Unit 3 Personal water skills and the marine environment
Chapter 9 Skindiving
207
Chapter 10 Managing marine accidents

239

Unit 4 Non living aspects of the marine environment
Chapter 11 Oceans
281
Chapter 12 Coastlines

309

Chapter 13 Sea water quality and pollution

349

Unit 5 Living aspects of the sea and commercial use
Chapter 14 Plankton
397
Chapter 15 Nekton

419

Chapter 16 Benthos

463

Chapter 17 Marine ecosystems

489

Chapter 18 Aquaculture

533

Unit 6 Management of the sea and coastal zone
Chapter 19 Management and conservation
563
Chapter 20 Whale bay

585

Appendix
Resource and bibilography 599
Index

Marine Studies Copyright Wet Paper 2014

603

Preface 3

Editorial and design
Peter Stannard- Firefly Productions, Bill Stapp -Green project, Alastair Mitchell AYF, Paul Threlfall - Australian Maritime Safety
Authority Canberra, John Taylor OTC Maritime, Jill Green Nerang Arts and Graphics, Derek Foster - Avicennia Enterprises,
Richard Harris - AMSA, Dawn Couchman and Staff at DPI, Geoff Mercer - Department of Conservation and Land Management
WA, Len Zell - Marine Educator Armidale, Jane Virtue - Coochiemudlo Sailing School, Thelma Moffatt, Rob Heaney and Shirley
Heaney.

Research papers and materials
Don Alcock - Great Barrier Reef Marine Park Authority, Department of Environment and Heritage, Mackay Air Sea Rescue, Don
Fee- Yeppon Newsagency, John Taylor - OTC Maritime, Alan Perry - Hervey Bay Senior College, CSIRO , Angus Jackson, Sam
Smith, Hobart Division of Oceanography, Dawn Couchman - DPI, Don Tennant - Marine Board Qld, Bob Critchley - Bowen State
High School, Graham Nash Kawana Waters State High School, Dave Olreichs - Department of Transport, TAFE NSW for
photographs and text, Phil Bishop - Nerang State High School, Al Greenfiel , Queensland University of Technology, Fish
Promotions, Kathy Steggels, John Maloney, Paul Sumpter, Dave Mitchell, John and Meg Kennedy, Michael Michie - Channel Is
Field Study Centre, Keith Enchielmier, Qld Department of Conservation and the Environment, Fantasia Cruises, Malcom Turner.

Illustrations and photography
Neville Coleman, Brothers Neilson, Cressi sub, Sea World Australia, Selbys Scientific, John Taylor - OTC Maritime, Neil
Solomons, Avon Safety Marine, Bill Templeman, Reid Books, NAUI Australia, Jan and Barry Alty, Gold Strike., Greg Smith,
Australian Surf Life-saving Association, Noel Gillin Royal Australian Navy Hydrographic Service, John Brown Mariner Marine
Power, Woodridge, Peter Stevens, Ian Neil, James Young, Bob Ellis, TAFE Publications Sydney, Great Barrier Reef Marine Park
Authority, Queensland Department of Transport, RDF Liferafts, William Stapp Michigian State University USA, Martin
Tellermans, John Broadfoot, Jan Thornton, Kelvin Rodgers, Tertius DeKluyver - Sea World, Perry Kaigan - Innisfail SHS, Ian
Gibbs - Mackay Air Sea Rescue, Greenpeace, Great Barrier Reef Marine Park Authority, CSIRO Marine Laboratories, University
of Queensland Press, Department of Conservation and Land Management CALM WA, Australian Government Publishing Service,
AAP, Education Department of SA, Queensland Transport, Gold Coast City Council, Quicksilver - Cairns, Fish Promotions
Branch, GME Australia, Reid Books, ASLA - Australia, Project Reef Ed, Trevor Long - Sea World

Teachers who trailed materials
Terry Balsom, Dennis Bridger, Steven Byers, Carol Clavery, Cyril Connell, Tony Failes, Mark Warne, Jill Green, Rod Waldon,
Bill Dobbie, Sue Cerato, Ann Summers, David Kopelke, Ann Kenny, Graham Mitchell, Greg Martin, Steve Hall, Peter Holm, Rod
Waldon, Lisa Virtue, Dave Reid, Jim Redfield, John Howard, Vera Weitsz, David Gorwin, Stana Hodge, Alan Perry, Margaret
Evans, Meran Kilgour and Carol Clavery and the pre-service teachers of Cam McRobbie's 1991 class.

Thanks
My thanks go to the teachers and students at Gladstone and Benowa State High Schools who persevered with my crazy ideas and
lessons in the beginning and to the Schools Commission in 1979 for granting the GOSP program a boat and marine studies
equipment. Thanks to the inspectors and senior officers in the Education Department who promoted Marine Studies especially
Cyril Connell. Thanks to the Brisbane Education Centre Staff - John Quinlan, Judy Zolecki and STAQ for helping me start with
those early publications. Thank you Len Zell for all your work while you were at GBRMPA. Thanks to the STEP, PEP and TAFE/
Secondary co-ordinators who helped integrate the community standard philosophies that have become so much part of Chapters
1-10 especially Ken Gilbert, Bill Dobbie, Sue Oats, Kelvin Rodgers, Carol Clavery, Jill Agnew and Gwen Lane. Thanks Board of
Senior Secondary School Studies and your committees for conferences and syllabus backup especially John Pitman. Thanks to the
guys at QUT Kelvin Grove Campus for reading my early work and making extremely useful suggestions. Thanks to Fabian Fay
of Sea World, who gave me my first consultancy so that I could buy a computer. Thanks for all those people and Government
Department Officers who let me reproduce so many of the photographs and illustrations in the first edition. Thanks to MESA and
its members who actively promote Marine Studies in their Sea Week activities, conferences, newsletters and group meetings.
Thanks to my dedicated consultancy team who really helped me in the final hectic stages of pre-publication especially Col
Reinhardt. Thanks to the schools who bought all the pre-publication copies - even those draft copies with their early ideas and
problems. Thank you Apple Mac IIcx and PLI for no system failures and Freehand 2, Pagemaker 4 and Lazerwriter IINT for a
trouble free publication.

Finally thanks to my family and especially Paula for her great moral support.

Bob Moffatt
January 1992

4 Preface

Marine Studies Copyright Wet Paper 2014

Consultants
Dave Claridge
Maryborough SHS
Bruce Heyer
Gympie SHS
Geoff Jensen
Innisfail SHS
Dave Mason
Heatley SHS
Hans Telford
NAUI Australia
Terry Morrison
NAUI Australia
Ward Nicholas
Rochedale SHS
Geoff Waterhouse
Kawana Waters SHS
David Olreichs
Queensland Department of Transport
Dawn Couchman
Department of Primary Industries
Dave Dawson
Department of Transport and Communications
Jim Sheffield
Gold Coast Institute of TAFE
Steve Hall
Palm Beach Currumbin SHS
Martin Bullocks
Selbys Scientific
Jan Oliver
Environmental Education Consultant
Dave Tulip
Queensland University of Technology
Jack Marsh
Queensland University of Technology
Cam McRobbie
Queensland University of Technology

Marine Studies Copyright Wet Paper 2014

Preface 5
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The table over shows how the book matches each of these syllabi. Addresses are as follows:Classroom objectives - Senior Secondary School Studies Syllabus, copies of which may be
obtained from PO Box 1379, Spring Hill, 4000.
National Powerboat Training Scheme Topics - Australian Yachting Federation, Locked Mail Bag
806, Milsons Point, Sydney, 2000.
Commonwealth Department of Transport and Communications Handbook for Radiotelephone
Ship Station Operators (Restricted certificate standard) copies of which can be obtained from State
Offices.
NAUI National Association of Underwater Instructors syllabus on skindiving. Copies of which can
be obtained from NAUI Australia 145 Old Cleveland Rd. Capalaba 4157.
GREEN - Global Rivers Environmental Education Network- water quality monitoring syllabus of
Stapp and Mitchell available from 2050 Delaware Ave, Ann Arbor, Michigan, USA 48103 which is
now widely used in Australian States.
Queensland University of Technology Kelvin Grove Campus Marine Education Materials Locked
Mail Bag No 2 Red Hill 4059

6 Preface

Marine Studies Copyright Wet Paper 2014

Standards and chapter design
This book is designed for a two year course of study by students
aged over 15 years, who have approximately 240 hours of
programmed class time. Each chapter has a set of classroom
objectives, centred around a set of topics that have been
derived from either:• Community standards e.g. The national restricted radio
operators certificate of proficiency
• University undergraduate courses in Marine Zoology and
Botany
• Overseas Marine and Estuarine Courses e.g. The Global
Rivers Project or University of Hawaii Curriculum Research
and Development Group
• Government Department publications e.g. Green Paper on
Coastal Environmental Protection
The classroom objectives are derived from the Queensland
Board of Senior Secondary School Studies Marine Studies
Syllabus, which based many of its ideas on National Curriculum
Standards in Marine Education.
The terms content means - knowledge and its application,
process means - analysing information, writing reports, data
processing and reasoning. Skills refer to physical hands on
skills such as "row a boat, collect a sample of plankton using a
plankton net" and attitudes are self explanatory. The illustration
below, shows how these are arranged four components have
been arranged in the book.

Knowledge and its
understanding

Community and
University standard
syllabus topics
BSSSS content
syllabus topics

Hands on manipulation
of equipment

Information analysis,
reasoning, report
writing and data
processing

BSSSS process
syllabus topics

NAUI
RROCP
GREEN project
Department of Transport
Department of Environment
QUT
Sea World
MESA
AYF

BSSSS attitude
syllabus topics
Wet Paper

BSSSS skills
syllabus topics

Attitude formation and
development

Fig 1: Textbook design
Marine Studies Copyright Wet Paper 2014
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AYF - Training level 3
powerboat handling certificate

TAFE - Inshore navigation course

AUF - Snorkelling certificate

NAUI - Snorkelling certificate

RROCP - Commonwealth Department
of Telecommunications Radio Certificate

Wet Paper

BSSSS - Board of Senior Secondary
School Studies Syllabus

Syllabus matches

Chapter 1

Boats and equipment

★

★

Chapter 2
Chapter 3

Outboard engines
Small craft safety

★
★

Chapter 4
Chapter 5

Navigation
Small craft handling

★
★

★

★
★

Chapter 6

Chartwork

★

★

★

Chapter 7

Tides and weather

★

★

★

Chapter 8

Marine communications

★

Chapter 9

Skindiving

★

★

★

Chapter 10 Managing marine accidents

★

★

★

Chapter 11 Oceans

★

Chapter 12 Coastlines

★

Chapter 13 Sea water quality and pollution

★

Chapter 14 Plankton

★

★

★

Chapter 15 Nekton

★

★

★

Chapter 16 Benthos

★

★

★

Chapter 17 Marine ecosystems

★

Chapter 18 Aquaculture

★

Chapter 19 Principles of conservation and management

★

Chapter 20 Research projects and case studies

★

★
★

★

★

★
★
★

In addition Chapters 19 and 20 address the issues raised by the green papers on coastal management and
conservation.
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Chapter 1
Boats and their equipment
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Chapter 1 Boats and equipment 9

Process

Content
●

Design and construction of boats.

●

●

Shapes, differences, advantages and
disadvantages of planing, semi displacement, displacement hulls and
multihulls.

Apply the uses and applications of a
clove hitch, round turn and two half hitches,
bowline, figure of eight and sheetbend to
new situations.

●

Discuss trailer use, maintenance and construction.

●

Discuss the responsibilities of boat ownership e.g. third party insurance, registration and licensing.

●

Shapes of different sailing craft rigs.

●

Terminology applicable to most boat
types including hull, bow, stern, gunwale, chine, transom, deck, cleat, bollard, propeller, tiller, rudder, keel, oars,
rowlocks, stoppers, port, starboard,
bilge and navigation lights.

●

The boating safety rules as outlined by
government regulations.

●

Marine craft commonly used in Australian waters.

●

Some marine terminology.

National Powerboat Training Scheme
Topics
Boat design and construction
Buying a Boat
Boat Trailers

Skills

Maintenance Equipment
Rope and Knots
●

Select appropriate marine equipment
for operating a boat in designated waters.

●

Discuss the limitations of operating a
boat in designated waters and prevailing weather conditions.

●

Tie a clove hitch, round turn and two
half hitches, bowline, figure of eight,
sheetbend, reef knot.

●

Demonstrate how rope is coiled,
stowed and heaved.

●

Tie basic bends and hitches associated with operating a boat safely.

10 Chapter 1 Boats and equipment

Attitudes

●

Demonstrate safe working practices.
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Boats have been built for many different purposes and come in
a wide range of shapes. Different equipment is needed for
different types of boats, and so an understanding of the design
and construction methods is a good place to commence this
course. The coricle was one of the first recorded boats.
Heyer (1990) reports that, "The
coracle was a light dinghy or skiff,
with a light wooded or wicker
frame covered with hides and waterproofed with tar. It was typical
of boats made in Wales or Ireland."

Fig 1 The coricle an early type of hull (After Heyer 1990)
Wet Paper

Power boats
These can be sub-divided into two general categories:
Launches or Runabouts are open vessels fitted with either
outboard or inboard engines. Some of these are of the speedboat
variety.

Bob Moffatt

Motor cruisers, ranging from 7m to 18m or more in length and
designed for cruising, living and sleeping on board in comfort.
These may be powered by either petrol or diesel inboard engines.

Fig 2 Sail and power - these boats are designed for living on.
Marine Studies Copyright Wet Paper 2014
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Some boating terms
In any new course there are new terms. An experienced mariner
has an extensive vocabulary of special words that apply to the
sea. Instead of introducing you to all the words at once, it is the
intent of this book to introduce a few at a time so that with
practice you will gradually learn them.
Let's start with a diagram of a small dinghy. The left hand side
is called port and the right side, starboard. The front is called
the bow and the rear the stern.
Transom

Seats

Oarlock
socket
Keelson

Gunwale
Ribs
Bow

Stern

Some boating terms
The bow has a port side and a starboard
side, hence the terms port bow and
starboard bow.
The greatest width of the boat is called
the beam so we have "on the starboard
beam" and "on the port beam."

Stem

Keel

Fig 3 Some common boating terms as they apply to a small dinghy
Wet Paper

The strengthened section of the stern
where the motor goes is called the
transom.

Ahead

The body of the boat is called the hull and
the fore and aft centreline at the bottom is
the keel.

Port
bow

The rope which ties onto the bow used for
making fast and towing the boat is called
the painter.
The height of the hull above the water is
called the freeboard and the amount of
water displaced by the boat when loaded
is called the displacement.
Small boats are called dinghies and have
seats called thwarts and rubbing strips
called gunnels.

Stem

Starboard
bow
Forward

Port
beam

Beam

Starboard
beam

Deck area

Stern

Aft

Freeboard
Draught
Keel

Port
quarter

Astern

Starboard
quarter

Fig 4 Adapted from Neil and Young 1989
Wet Paper
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Start your own glossary of
terms. Each day write down
the new terms you learn,
their meanings and draw
any diagrams to help you
remember them.

Blade

In a small dinghy, the entire area inside the boat is referred to as
the deck and items are stowed on the deck. The oars in a small
dinghy are stored on top of the thwarts and in some cases are held
by octopus straps so that they do not roll around while the boat
is in motion. Oars contain a rowlock and a stopper which is
fitted over the sleeve of the oar. The oar with its grip, rubber
stopper and blade, is fitted into a rowlock , is used to row the
boat when the outboard motor is not in operation. A rowlock is
placed over the oar stop which is inserted into a rowlock block
in the gunnel prior to rowing. One of the best ways to start a
practical course in boating is to do some rowing so that you can
familiarize yourself with the terms mentioned.

Shaft
Rowlock
Oar stop

Bob Moffatt

Grip

Fig 5 Parts of an oar and suggested stowage in a small dinghy
Wet Paper

Some types of sailing boat
Generally speaking, modern sailing craft can be identified by
the type of sail rig they carry as shown in the Figure 6. Some
of these will be motor driven by either petrol or diesel
engines.
Ketch
Gunter

Three-quarter
sloop

Fig 6

Schooner

Lug

Masthead
cutter

Sliding
gunter

Masthead
sloop

Cat

Yawl

Modern sailing craft can be identified by the type of sailing rig they carry

Wet Paper
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Weather vane
Headboard

Mast

Batten
Leech
Luff

Shroud
Mainsail

Clew
Foot

Boom
Block

Mainsheet

Gooseneck
Jib sheet
Jib

Figure of eight knot

Tiller

Cleat

Daggerboard
Rudder

Fig 7 Common parts of a sailing vessel
Wet Paper

This book does not discuss sailing, however, some mention of
sailing boat terms is useful. Better and more comprehensive
definitions can be found in sailing books.
National Powerboat handling
Training Scheme
Address
Australian Yachting Federation
The Secretary AYF
Locked Mail Bag 806
Milsons Point Sydney 2061
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In a sailing boat each line has a name, e.g. the jib sheet is the rope
which controls the jib sail. The main sheet moves the main sail
and so on. The mast is the long pole of timber, steel or
aluminium set upright on a ship's keel to support the sails. The
shrouds keep the mast in place Battens keep the trailing edge
of the main sail taut. Above all on a sailing boat you should keep
well clear of the boom as it can swing very quickly from side to
side when the boat changes direction or course.

Marine Studies Copyright Wet Paper 2014

Design features of boats
Some of the main terms used in the
design features of a boat are:★ L.O.A. is the length overall.
★ L.W.L. is the length at the water
line.

Neil and Young (1989) identify two types of boat design as
either round bilge or hard chine. The round bilge will displace
more water than the hard chine as is shown in the figure below.
Round bilge

★ Draft is the depth of water at
which a vessel floats.

Hard chine

★ Freeboard is height of the hull
above the water line.

Freeboard

★ Topsides is the area between
the waterline and the gunnel.
★ The beam is the width of the boat
at the widest point.

Draught

★ Sheer is the upward swerve curve
of the deck amidships to fore and
aft.
★ The camber is the curve of the
deck athwartships.
★ Strenghtening features include
the ribs which are welded into the
inside of the hull so that the hull
does not break under power. The
number of ribs and the strength of
the welds are specific to the manufacturer’s design. If a too powerful motor is fitted then the ribs will
break or the transom will become
weakened.

Fig 8 Round bilge and hard chine hulls. After Neil and Young 1989
Wet Paper

The length overall is the overall length of the vessel and the
length at the waterline is shown in the diagram below. The
length at the waterline governs the speed attainable by the craft
and so is an important design feature.
Length
overall

Length at
waterline

Displacement hull

Fig 9 Length overall compared to length at waterline
Wet Paper

Planing hull

Semi displacement hull

Planing hulls
Neil and Young have identified that, "the maximum speed
attainable by a displacement hull is governed by its length on the
waterline and there is a formula for determining that maximum
speed." They have calculated that, "the maximum speed for a
displacement cruiser of 30 feet overall with a waterline length of
25 feet that the maximum speed is determined by the formula:Maximum speed = 1.4 x ÷ √L.W.L.
= 1.4 x ÷ √ 25

Fig 10 Different hull types (After Department
of Transport)
Wet Paper
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= 1.4 x5
= 7 knots "
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Heyer, (1990) in his book, Introduction to Boat Building,
describes hulls as follows, " The shapes of hulls relate directly
to the purpose for which the craft is required and to the type of
materials available. The frame work for example, in a carvel
hull is more complicated and takes more time to build than the
frame of plywood hull. In building a boat there are some terms
that need to be understood in designating the appropriate parts.

Planing hull

Clinker-built
Displacement hull

This refers to the method of planking. The first plank is laid
next to the keel and the next one overlaps it. Each plank is
fastened to the frame and to the previous plank with copper
rovings.
Carvel-built

Fig 11 Different hull types. (After Heyer,
1990)

The planks are sawn and fitted edge to edge with a small gap left
between. This is caulked with cotton or hemp and filled with a
linseed oil - red lead putty.

Wet Paper

Flat bottom

V bottom

Deep V bottom

Fig 12 Summary of boat planking details. (After Heyer 1990)
Wet Paper

•
Cathedral

•
Catamaran

•

Keel

Wave
piercer

Fig 13 Other hull types
Wet Paper
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•
•

Garboard plank. This is the first plank laid, the one next to
the keel whereas the sheer plank is the last plank laid and is
around the deck edge.
Transom. The transom is the back end or stern of the vessel.
The transom should be of strong construction as it supports
the rudder or outboard engine.
Keel and keelson. The keel runs the length of the vessel on
the outside or bottom of the hull. The keelson runs the length
of the vessel on the inside bottom of the craft. Both these
members are important as they play a major roll in the
fastening of the planks or sheeting. Sometimes a false keel
is used merely as a rubbing strip to protect the bottom of the
boat.
Sheer plank or strake. Plank closest to the deckline.
Chine. The chine is the corner formed by the intersection of
the bottom and sides. A hard chine describes a corner that
is around 90o. Soft chine and multi-chine vessels are more
obtuse of angle.
Marine Studies Copyright Wet Paper 2014

•
•
Caulked
"to press oakum and untwisted rope into the seams
of a ship to render it watertight" Oxford English.

•

•

•

Bob Moffatt

•
•

Thwart. A transverse seat in a rowing boat.
Bow. The bow is the front of the boat. Most vessels have
their shape sharpened toward the bow. If the vessel is not
intended to cut heavy seas, there is no reason for the interior
space not to be enlarged and not to have a snub nose bow.
Knee. Corner joints are supported and strengthened by
shaped pieces called ‘knees’. Knees are shaped from ‘crooks’
of wood that has the grain running with the shape of the knee.
The gnarled buttress roots of trees are used for ‘crooks’.
Mangrove trees produce buttress roots that are good for this
purpose. Laminated plywood is also used extensively for
knees.
Ribs. Ribs are used in planked hulls and are usually made
from timber that allows steam bending. Spotted gum is good
for this purpose. Ribs run from gunwale to gunwale over the
keel. Planks are riveted to ribs with copper nails.
Deck. The deck is the covered part of the hull. The deck
keeps out water and stiffens the hull.
Hatch. A hatch is a water resistant, removable cover over
holds etc.
Rubbing strip. A rubbing strip is a sacrificial piece of
timber fitted along the gunwale to protect the hull." Heyer
(1990 Pages 15 and 16)

Fig 14 How many terms mentioned in the text
can you see in this photo?
Wet Paper

Fig 15 Some boat building terms. (After Heyer, 1990)
Wet Paper
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Fig 16 Top Left Deep V, Top Right - Inflatable rubber, Catamaran hull - courtesy Atlay Cats and Service, PO Box 5344,
Gold Coast Mail Centre, 4217

Review questions

3. How should oars be stowed in a small dinghy and
why do they need stowing?

12. Write the meaning for the following terms on a
sailing boat. Then, draw a diagram to illustrate what
you mean. Weather vane, batten, mainsail, leech,
shroud, foot, boom, block, main sheet, tiller, rudder,
daggerboard, jib sheet, gooseneck, jib, luff, mast,
headboard, figure of eight knot, clew.

4. What does the term amidships mean?

13. Name any six types of sailing boat.

5. Where is the port beam and how is it different from
the starboard beam?

14. Name any two boat designs and illustrate your
answer with a diagram.

6. If you take your vessel ahead, in which direction do
you go?

15. Distinguish between planing, semidisplacement and
displacement hulls.

7. If the vessel is going astern, in which direction is
she travelling?

16. Write definitions for the following terms. L.O.A.,
L.W.L., draft , freeboard, topsides, the beam,
sheer, camber.

1. Write out the meaning of the following terms:- hull,
port, starboard, transom, keel, gunwales, thwarts.
2. Name five parts of an oar.

8. Draw a sketch of a vessel and mark in where the
starboard quarter would be.
9. Define the term freeboard.
10. What is a vessel's draught?
11. On a dinghy, where is the deck?

18 Chapter 1 Boats and equipment

17. What is the chine?
18. What is the difference between a hard chine and a
soft chine vessel?
19. Calculate the maximum speed of a vessel of L.W.L.
10 metres.
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Hull details
Special aspects
The hull of a vessel is modified according to the intended use of
the boat. All boats carry anchors and an anchor well is built into
the hull so that the chains, shackels, ropes and a variety of
anchors can be stowed ready for use. If the vessel is fuel driven
there will be a place for a fuel tank. This is usually well
ventilated so that dangerous fumes cannot build up. A cabin
area where clothes, personal effects and a bed or bunk is usually
provided as well as a galley where food is prepared and goods are
stored. The head or toilet is located according to the overall
design and drainage points appear along the hull to allow water
to exit as water from waves enter the deck. On the deck are cleats
used for securing the vessel to a mooring or when at the dock
side. Deck latches secure openings such as the anchor well to
engine compartment. The companionway leading to the cabin
is secured by a door which can be locked while the vessel is
unattended. Railings are positioned in places to prevent crew
from falling overboard. Bilge pumps located in the bottom of
the boat remove spilt fuel, grease, water and other fluids that
accumulate to form the bilge. The deck can have a fly bridge
from which a steering wheel is located as well as other navigation
equipment.

Fig 17 Generalised hull details of a motor cruiser
Wet Paper
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Fig 18 Generalised hull details of a sailing vessel
Wet Paper

Review questions

Materials

1. What is the difference between a launch,
a runabout and a motor cruiser?

Hulls can also be made of a variety of materials. These can
be of wood, steel, aluminium, fibre glass or even rubber.
Figure 20 shows a rubber inflatable, or rubber ducky that has
become popular as a multipurpose boat. The Surf Lifesaving Association uses these exclusively in rescues along
our coastline, because persons can be pulled from the water
from almost any angle. Inflatables have one disadvantage in
that they can puncture, however, a solid keel is used by many
surf clubs these days to minimise this as well as give greater
manoeuvrability at speed.

2. What aspects of boating life are associated
with each of the following.
a.

Pumping out the bilge.

b.

Working in the galley.

c.

Moving about the companionway.

d.

Working in the cabin.

e.

Tying to a cleat.

f.

Working in the anchor well.

h.

Using the head.

3. What are fenders used for?
4. What are springs and how are they used?
5. Why have ventilation points leading from
the engine compartment?
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Glass reinforced plastic or GRP is used by many boat
builders today. The advantages of fibreglass are that many
complex shapes are possible, the colour can be added in the
final coats, it is less moist from water impact and vibration,
there are no corrosion problems and a repair kit is generally
available. Disadvantages are that it is subject to osmosis, is
easily damaged, is heavier and thus needs a bigger trailer.
Marine Studies Copyright Wet Paper 2014
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Osmosis is the process by
which fibreglass and resins
slowly take up water

Fig 20 Hulls can be made of rubber

Round bilge
Stable

Centre of
gravity

CG

CB
Centre of
buoyancy

Round bilge
Un stable

CG
CB

The centre of gravity CG of a ship and
the centre of buoyancy CB are the
forces that affect stability. The gravitational force is the sum of the entire
weight of the ship acting directly down
on its centre of gravity. The centre of
buoyancy is always at the centre of the
submerged part of the ships hull.
Ship stability is determined by the balance of these two forces.

Aluminium is used extensively in the boating industry because
it is lighter, needs less power and can sit on a smaller trailer.
Aluminium is more resistant to hull damage. Disadvantages are
that aluminium is light and easily blown around with strong
winds, one point to watch when learning to use a small boat on
a windy day.
Timber is the time honoured building material but now this is in
short supply. Combined with fibreglass, however, it makes an
excellent hull. The boat owner should look for dry rot,
delamination or splitting.
Hull stability
The Marine Board (1987) defines the term stability as normally
referring to "the ability of a vessel to return to the upright
position after being heeled by an external influence such as wind
or wave action. The ability is governed by the physical shape of
the hull, together with the superstructure and the effectiveness
of the closing devices in the hull or on the weather deck"
Vessels are usually built to a standard that will, under normal
conditions, prevent them from capsizing. Once the boat is built
one of the main things that can change stability is the load that
is put into the boat and its distribution.
For a small dinghy the distribution of the crew, fuel tank, safety
gear and personal items will affect the stability.
The Marine Board (1987) identified instability as being
responsible for capsizing and list five major causes as follows:a. Wind forces - where a sudden gust when combined with a roll
to windward, will capsize a small boat or sailing boat.
b. Wave action where large waves can swamp or knock over a
vessel at sea.

Fig 19 Stability/instability
Wet Paper

Marine Studies Copyright Wet Paper 2014

Chapter 1 Boats and equipment 21

c. Water on the deck can cause the vessel to sit lower in the
water and increase instability.
d. Deck cargo that has been incorrectly placed or stowed can
move to one side causing a change in the centre of gravity.
The loading should also be checked while the vessel is
planing, as incorrectly placed equipment will affect
performance.
e. Free surface water or fuel movement in containers can
change the stability.
From a safety viewpoint, stability is a very important factor to
consider when using any craft at sea.
Buying a boat
Before buying a boat there are many factors to consider. How
much do you want to spend, what features you want, where do
you intend using your boat and how often. Is a trailer required
and if so will brakes be required? Will a power winch be
required to pull the boat onto the trailer and is there adequate
"out of water storage" if this is required.

Discussion points
It has been said, that more pleasure
could be gained from tearing up
hundred dollar bills in the shower than
owning a boat. Do you agree with this
statement or not?
Some people suggest that it might be
cheaper to rent a yacht or powerboat
three or four times a year with a small
group of friends than actually buying a
bigger boat. What do you think?
New or second hand? Which do you
prefer and what are the advantages
and disadvantages of each?

For research
Investigate how much it costs to rent
yachts or power boats and compare
the actual costs involved with buying a
boat.

Fig 21 In buying a boat you should shop around and talk to experienced
boat owners first. Illustration courtesy Mariner Out boards.

Selection criteria
One of the best ways to get into boating is to buy a tinny with a
small outboard motor. This rig is relatively inexpensive,
lightweight and easy to get to the water and store at home.
Bigger rigs mean bigger dollars and problems, but as you
graduate from the smaller rigs to larger craft, the problems and
headaches will not be as great.
Decide on the area of intended use. Is the vessel going to be used
for smooth water or for offshore use. If the vessel is for offshore
use, then further discussion is beyond the scope of this book
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Today modern motors can be
oil injected, diesel or petroil
mixed.

Boat insurance

totally unsuitable for offshore work. Small boats are designed
for fishing, water skiing or just "pottering about". Talk to other
people and find out what you want. How big a motor and what
type.
Once you have decided these key selection criteria, the boat
should be tested in the area of intended use so that the hull type
and motor are suitable. The boat and trailer have then to be
registered. It would be wise to check with the state registration
board about requirements on width, weight, length, lighting and
trailer construction.

The following information has been supplied by the MMI Insurance Group (1990)
as at 1991 providing boat coverage as
follows, and "is subject to change as are
all insurances.
● Your third party protection (against

property damage and personal injury
incurred by you, the owner) applies even
if you are on someone else's uninsured
boat.
● Your family members are included as
Bob Moffatt

third parties on your boat.
● If you lend your boat to a friend, they

and your whole boat are covered exactly
as if you were in charge.
● Your boat is covered if it sinks, breaks
adrift or is stranded - even if left unattended.

Fig 22 Registration of a boat is one of the first tasks for a new boat
owner, in most Australian States it does not cover third party

● Cover includes fire and theft, swamp-

Warranty

ing, sinking, malicious or accidental damage, explosion"

Some definitions*
Third party, "relating to a policy which
insures against the liability or damage to
another person or his property in a boating accident"
Warranty (for boating equipment) "an
assurance given by the seller of goods
that he will be answerable for their possession of some quality attributed to
them"
Insurance (for boat and equipment),
"the act or system of insuring property. A
contract by which the one party undertakes in consideration of a payment
(called a premium), to secure the other
against pecuniary loss, by payment of a
sum of money in the event of destruction
of or damage to property (as by fire, sea
etc.)
*Oxford English Dictionary.
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Warranty is a general term meaning an assurance that covers
faults in workmanship in materials or goods under normal
operating conditions. Aspects of a boat will have different
warranty periods. A steel hull of a boat will have a longer
warranty than say the deck fittings. Not all things are covered
by warranty, this is because once sold the manufacturer has little
control over what the owner or his friends do in the boat.
Therefore the manufacturer will have certain conditions covering
the warranty period , to make sure that any defects caused by him
in the manufacture occurred during reasonable use.
Insurances
Insurance is a term that can be associated with accidents, loss of
property or personal injury. Loss can, mean accidental loss and
theft can involve break and entry, as well as other factors.
Accidents involve people and other factors. Third party insurances
involve people and the items they own that are involved in the
accident. The first party is the person involved in the accident
ie the driver and the second party can be a variety of things. Say
you were driving a car involved in an accident with another
person in a car.
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You would be the first party, your car the second party and the
person with whom you had the accident would be the third party.
All of these are involved in the insurance and it must be stressed
that different insurance companies have different insurance
policies. What are the insurance requirements of your state?

Boat trailers
Boat trailers are used to transport the boat to the water and are
often the most neglected part of the rig. The winch cable should
be checked and replaced if worn. Great pressure is placed on the
winch cable as it pulls the boat up and if it breaks there is great
danger of serious injury.
Trailer safety
The boat trailer is an important part of the boating rig. Proper
maintenance and care in hitching will improve the trailers life
span. The length of the boat will determine the length of the
trailer as does the width. The boat should fit snugly onto the
trailer when it is cranked up to the winch support. Also there
should be proper support for the boat’s hull.

Warning
The trailer should also be secured
to the tow bar by the safety chain.
The motor should be secured in
the upright position

Trailering hints
It is suggested that
*

The vehicle which tows the
boat should be capable of
pulling the the load with
ease

*

Avoid sudden stops and
always leave extra distance
for braking

*

Avoid passing, but if you
do so, allow for plenty of
time

*

Remember trailer wheels
do not always follow the
towing vehicle wheels and
corners have to be taken
with a wider arc.
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Most trailers have adjustable rubber or aluminium rollers. These
supports should be adjusted properly to avoid damage to the hull,
and proper tie downs should be part of the rig, to secure the boat
when trailering. Secure the load in the trailer when in motion
making sure it does not fall out if you hit a bump.
Here are some helpful hints as described in the Californian
Boating Safety Program
Before leaving home
• Be sure that the boat is secured to the trailer
• Inspect all tie downs, lines and the winch. Tighten if
necessary and replace any that show signs of fraying or strand
separation
• Determine that all trailer lights are operating satisfactorily
• Test the braking system
• Inspect the hitch and safety chain
• Check types, pressure, wheel nuts and possibly the need to
tire rotate
• Tilt and secure motor to insure road clearance
On the road
• Drive carefully, allowing for extra length of the car and
trailer when negotiating turns and when passing
• Allow more time for stopping
• Watch speed limits
• Pull well of the road periodically and walk completely
around the rig. Examine the tyre and wheel bearing for
overheating and test tie downs and check for any gear
movement carried in the boat.
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Tie downs
Tie downs
Tow ball

Motor
support
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lights

Types/brakes/wheel;
bearings

Hull rollers

Safety chain, bolt
and shackel

Types/brakes/wheel;
bearings

Fig 23 A boat and trailer parts
Wet Paper

Fig 24 Boat and trailer components
Wet Paper

Review questions
1. Distinguish between the terms "stability" and "instability"
as they refer to marine craft.
2. Name five factors that affect a vessels stability.
3. Name the two centres in a vessel that affect stability.
4. Why is stability an important factor in using a craft at
sea.
5. Why is it necessary to consider the area of use as a
selection criteria in purchasing a boat?
6. List any two other factors that could be considered
selection criteria and discuss reasons why you should
choose them.
7. What does the term warranty mean?
8. What is boat insurance and what does it cover?
9.

What is third party insurance and what does it cover?
Give an example
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10. List six safety things you would do if you owned
a trailer and were planning to use it that day.
11 Where is the tow ball located?
What is a winch and list two safety precautions when
using one.
13. Why is a safety chain necessary on a trailer rig?
14. What are wheel bearings and what regular
maintenance should be carried out on them?
15. Why should the load be distributed on a trailer
when towing?

Research
1. What is the normal pressure in types on a trailer
with a small runnabout as shown above?
2. What are the rollers on a trailer? Why are
aluminium rollers sometimes preferred to rubber?
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Kinnears Ropes make the following observations about ropes:Strength and deterioration
" Nylon is the strongest of rope
and can be stretched without
changing shape. Nylon can be
used in anchor ropes because it
is highly resistant to wear and
tear, sunlight and sea water.
Terylene ropes are very expensive and are usually braided.
Silver rope is a distinctive silver
colour and is relatively inexpensive.

Rope
Rope is extremely flexible and strong. It can be tied into knots,
coiled or spliced. In the past rope was made from natural
materials such as bark, grass or vines.
Properties and types of rope
Today hemp, manila, cotton or linen ropes are used. Ropes as
a general term also includes the use of wire and this is used in
cables required to move heavy parts. Ropes can either be laid or
braided.

Polyproplyene rope floats, which
makes it a good snorkelling line
rope. It is however difficult to tie
knots with this type of rope. Care
should be taken with ropes, as
with age they deteriorate. In this
condition they can break under
strain and act as a whip, taking an
eye out in the process.
Care of ropes
Rope is expensive and should be
cared for. Don't leave knots in
ropes, especially overhand ones
as they are hard to get out later.
Try to let rope run free. Allowing
it to rub against sharp parts of a
boat will cause it to wear quickly.
If some cloth can be wrapped
around this part, the rope will last
longer. Washing rope and letting
it dry will also increase the life of
a rope, and finally coil and stow
your rope when not in use."

Fig 25 Anatomy of laid rope. Braided rope is plaited.
Wet Paper

Laid rope strands will be twisted over each other and can be
easily untwisted for splicing or finishing. Braided ropes are
made from yarns that are plaited together. Wire cable has the
strands twisted over each other.
Coiling and throwing rope
Rope can be coiled by taking it in both hands and making loops
of about half a metre by passing the rope end over end as follows.
Since most twisted ropes are right laid, the loops in the coil can
be made clockwise. Braided rope can be coiled into figure of
eights. To throw rope always keep one third in your hand and
throw two thirds to the catcher. Try to aim above the person so
the rope will fall as it is thrown.

26 Chapter 1 Boats and equipment

Marine Studies Copyright Wet Paper 2014

Coiling a twisted rope
To make as coil with twisted rope, give each loop a slight clockwise turn to preserve the lay of the
strands and cause the loops to fall into a neat roll. With braided rope which has no dominant stands,
no turn is needed, often the loops fall into figure of eights as shown below.
Laid rope

Braided rope

Throwing rope

Coiling rope

Fig 26 Coiling and throwing rope
Wet Paper

Knots and rope
The main lenght of a rope is cvalled the standing
part; a loop is called a bight, the long part of the
rope is the rope end and the short part the free
end.
Fig 27 Parts of a coiled rope
Wet Paper
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Tying knots
Before setting out, a few basic knots need to be mastered. You
need to know how to tie the boat to the trailer, throw a line to and
from a disabled boat and tie up a disabled craft for towing. An
efficient knot must be easily and quickly tied, become more
secure as the strain on it increases, and be quickly and easily
untied.
Some terms
Seven basic knots are:
1. Figure of 8.

A loop is a part of the bight that brings two pieces of rope
together to form half a circle. Open and closed loops are shown
below.

2. Clove hitch.
3. Rolling hitch
4. Bowline.
5. Reef knot.
6. Sheet bend.
7. Round turn and two halves.

Fig 28 Open and closed loops
Wet Paper

A turn is when the ends of a loop are crossed. Overhand and
underhand turns are shown below.

Fig 29 Overhand and underhand turns
Wet Paper

When the rope is used with another object so that part of the rope
goes around the object, the rope is said to have taken a turn. A
round turn and two turns are shown below.

Fig 30 A turn, round turn and two turns
Wet Paper

Take a piece of rope about 1.5 metres long and look at the
illustrations that follow. Now practice tying each of the
following knots.
28 Chapter 1 Boats and equipment
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The reef knot
One use is to tie two ropes of equal thickness together . To tie this knot, take
the right end over left and under , and then the left end over right and under.

The Rolling hitch
One use is for towing two or more boats.

The rolling hitch

The reef knot

Round turn and two halves
One use is to make the boat’s painter
fast, to a post or ring. To tie this knot, take
the free end and wrap it around a post
twice. Now make two half hitches on the
rope end.

The sheetbend

Round turn and two halves

One use is for tying two ropes
of the same size together or
attaching a rope to a loop.
The knot also provides the
best method of joining two
ropes of unequal thickness.
The knot can also be used
for attaching rope to an eye
splice or ring.
The sheetbend

Fig 31 How to tie a reef knot, rolling hitch, round turn
and two halves and sheet bend.
Wet Paper
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The bowline
King of knots. This knot can be used for making a loop for a mooring, attaching warps
to boats, tying equipment in a boat, or just for making a loop at the end of a rope that
will not slip. To tie this knot, take a loop in the rope end (sometimes called a rabbit
hole). and pass the free end up through the loop (sometimes called up the rabbit
hole). Then pass the free end around the rope end (or around the tree) and finally
back through the loop (back through the rabbit hole).

The bowline

The figure of eight knot

One use is to secure small
items in a boat.

One use is to make a knot that can act as a stopper
when passed through a ring.

Wet Paper

The clove hitch

Fig 32 How to tie bowline, clove hitch and figure of eight knot
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Larger vessel deckwork
On the deck there is a multitude of equipment designed to trim
and move sails. Some of this include:• Cleats which are used to tie lines.
• Winches which are used to move lines under strain.
• Blocks and double blocks used to move sails under great
strain.
• Tracks used to house the traveller as shown.
• Travellers used to move lines with the wind.
• Clam cleats used to secure lines quickly.
These and many other components demand a high degree of
skills in deckwork that are only gained by practice. The
discussion here is designed simply to make you aware of the fact
that a considerable amount of deckwork is required when working
on sailing and power boats.

Fig 33 Cam cleats. To make a line fast
using a clam cleat, the line is hauled over
the centre of the cleat and pressed down
against the spring loaded clams so that
the line is clamped in. To release, the
line is pulled back and upwards.
Wet Paper

Fig 34 Deckwork requires a knowledge of
many pieces of equipment
Wet Paper
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In a small boat some examples of deck work could involve any
one, or a combination of, the following tasks:• Starting the outboard motor, priming the bulb and adjusting
the fuel lines.
• Securing small items in the craft like oars, fuel tanks and
safety gear.
• As the boat leaves shore, lines have to be untied and secured,
other boats or the jetty have to be fended off.
• Coming along side and securing to a mooring.
• Preparing the boat for anchoring and determining how much
rope is necessary for anchoring.
• Fishing and organising tackle.
• Using scientific equipment for experiments and taking
measurements.
• Preparing meals, cleaning up and stowing goods.
Whipping rope
All rope ends need to be finished off to keep them from
unwinding. Whipping a rope also keeps the ends from fraying.
With synthetic rope, the ends need to be melted together with
heat. To do this wrap some electrical tape around the end against
the lay and heat the end gently with a hot knife or match. For
other types of ropes, the end can be finished with a piece of
whipping thread. This is carefully wound around the end of a cut
piece of rope to finish off the end as shown in the figure below.

The eye splice

Fig 35 Finishing off rope that has been cut.
Wet Paper
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Fig 36 The eye splice
Wet Paper

Review questions
1.

What is the difference between laid and braided rope?

2.

Name three important parts of a rope.

3.

Which is the strongest type of rope and how should it be cared for?

4.

Which type of knot would best suit the following situations:(a)

You want to make a loop that will not slip but is easy to undo.

(b)

You want to tie your boat up at a jetty.

(c)

You have two ropes of unequal length to join together.

(d)

You want to tie down the oars to the seats on a tinny.

(e)

You want to tie a towing rope onto the transom to tow a disabled craft.

(f)

You want to tie the boats down hard on a trailer so they won't slip while towing.

Assignments
1. Hull types
Use the shapes below to design a cabin to fit the shape. Draw the boat from a side on perspective Say if the boat
is planing, displacement or semi displacement Predict the materials used in the boat.

A

B

C

E

F

G

D

H

Wet Paper
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2. Warranty and insurances
The purpose of this assignment is to eliminate some of the more
common misunderstandings regarding warranty and insurance coverage.
Keep in mind that warranty and insurance covers repairs, defects and
accidents for the warranty period and that a variety of things are not
covered. Pick a boat and motor (any will do) and list the manufacturer's
warranty. Find out what is and is not covered, for how long and what
conditions apply.

3. Survey
Find out what the term survey means. What does a marine surveyor do
and how does he or she work? You might like to talk with a marine
surveyor to find out the difficulties in the job. Why do boats have
numbers?

4. Boats and terms
Draw a rough sketch of a boat of your choice. Mark on the diagram
where and/or how each of the following should be stowed or placed:
Oars, fuel tank, registration sticker, identification numbers, navigation
lights, safety gear, where three people should be accommodated. Now
make a copy of the illustrations in this chapter and mark in the following
terms as they apply to power boats:(a) Runabout:- Beam, freeboard, water line, draft, propeller, chines,
rail, outboard motor, stern light, port light, starboard light, steering
wheel, cock (open), eye bolt, windshield, cleat.
(b) Rowlocks, chain securing outboard to boat, gunwales, painter,
bollard, ribs, hull, octopus strap, registration sticker, seat or thwart,
fuel tank, transom, port, starboard, bow, hull, stern.
Now do the same as they apply to sailing boats: Weather vane, batten,
mainsail, leech, shroud, foot, boom, block, main sheet, tiller, rudder,
daggerboard, jib sheet, gooseneck, jib, luff, mast, headboard, clew,
bow, stern.
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Content

Process

●

parts of an outboard motor

●

the major components of an outboard
motor

●

the more important controls of a powerboat

●

fuel storage and supply systems for
outboard motors

●

discuss the use and maintenance of
marine batteries

●

the safe use of flammable materials
aboard vessels

●

diagnose simple mechanical problems
associated with marine engines

National Powerboat Training Scheme
Topics
Power units
Faults
Maintenance and operation

Skills
●

mix two stroke fuel in a given ratio
demonstrate correct maintenance
procedures for outboard motors
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Attitudes
●
●

appreciate the need for safe storage of
equipment
appreciate the need to clean up and
maintain equipment

Marine Studies Copyright Wet Paper 2014

Bob Moffatt

The choice of engines is practically unlimited. There are four
broad categories: outboard, inboard, outboard/inboard and
‘specials’, i.e. jet and electric. We will consider the first three
types. This vessel shown below is driven by an inboard engine.

Fig 1 A motor launch such as this has an inboard engine

Power units
Inboard Engines
The inboard engine has the complete unit inside the boat. There
are three holes in the boat hull which allow for the cooling water
to come in, exhaust fumes and heated cooling water to exit and
a place for the propeller.
Inboard motors have advantages in that they offer many variations
in speed and power, the motor can be worked on while at sea,
many of the parts are inexpensive, the motor is quiet and difficult
to steal. However the boat has to be slipped for major repairs,
and the prop aligned carefully to prevent wear and tear on engine
bearings

Fig 2 An inboard engine
Wet Paper
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Fig 3 An outboard engine (Courtesy Mariner Outboards)
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Diesel engines. Diesel engines are usually heavier than petrol
engines and do not produce as much horsepower. Some of their
advantages are that they do not require a spark plug as the
ignition of the fuel relies on compression.
You can easily tell the difference between diesel and petrol by
the noise diesel engines make. Diesel is usually less expensive
and is less explosive so is a much safer fuel.
Neil and Young (1989) describe diesel engines as, " generally
long running and reliable. The only faults they are likely to
suffer are dirty fuel and air in the fuel system. " This air should
be bled out by a qualified person.
Fig 4 An inboard/outboard engine
Wet Paper

Outboard/inboard engines. This engine employs a standard
inboard engine, mounted on the inboard side of the transom.

Outboard engines
Lubrication
With one exception, outboards are of
the two-stroke design i.e. fuel and
lubricant are mixed and transferred
together to the engine.

Controls
In dinghies fitted with an outboard motor, all the controls are at
the stern of the vessel. The outboard motor has a steering arm
acting as a rudder, which enables the boat to be manoeuvred to
port or starboard. At the end of the steering arm is the throttle
which accelerates or decelerates the engine.

Bob Moffatt

In the normal car engine, the oil is
added independently and may recirculate around the engine for several
thousand kilometres before requiring
replacement.

The outboard engine gets its name because the complete unit is
hung over the stern of the boat. Outboards have the advantage
in that they are easily removed for maintenance, storage and
cleaning. Most outboards automatically tilt if they hit an
underwater obstruction and so are not easily damaged.

Fig 5 Outboard motor and boat
38 Chapter 2 Outboard engines
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The outboard has a number of components, the major parts of which are illustrated below.
• The cowling is the external cover which protects the powerhead. The cowling is sealed by
rubber to stop water entering the engine area.
• The throttle is located on the steering handle which is found just under the cowling. The
shift handle is located on one side of the cowling and is used to change gears from neutral,
reverse and forward.
• In smaller outboards, the choke, fuel connections and kill switch are located at the base of
the throttle. In boats that contain larger motors, these are located near the steering wheel and
are operated by a key and shift mechanism.
• At the bottom of the leg of the motor is the prop which turns by means of a set of gears
connected to a shaft connected to the powerhead.
• In smaller outboards just under the throttle handle is found two wing nuts. These are used
to keep the outboard on the transom. A safety chain is also attached here so that if the nuts
break, the motor stays on the transom. In larger outboards, the motor is attached to the
transom by large bolts.
• Under the powerhead and associated with the transom is the trim and tilt mechanism . This
has a shift pin which can be moved so as to help the boat trim properly when on the plane.
In larger outboards this can be achieved by hydraulics operated from beside the steering
wheel.
• The leg of the motor contains a shaft leading to the gear box. This connects to the propeller.
Inside the leg are tubes which take water in and out to cool the motor when it is running. A
small pump driven by the gear box called the impeller, draws water in through the intake
vents, up around the motor and out the exhaust below the anti-cavitation plate.
• So that the operator knows this is working, a small exit point under the powerhead called a
tell tail, makes a visible water trail.

Fig 6 Illustration courtesy Mariner Outboards
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The Prop

(One inch = 25.4 mm)

The principal driving force is generated by the propeller which spins in
the desired direction to move the boat forward or backwards. The
propeller is connected to the engine through a drive shaft unit which in
turn is connected to the main part of the motor through a gearing system.
Props come in 2, 3 or 4 blades and as a general rule, the more blades the
more power. The pitch of the propeller is the theoretical distance the
vessel would advance with one turn of the propeller. The pitch is stated
as this distance. So a 20 inch by 18 inch propeller would have a diameter
of 20 inches and a theoretical distance travelled in one revolution of 18
inches.
When the motor is started it revolves free of the propeller and is said to
be in the neutral position. The propeller is not spinning because the
gears are not engaged (connected). If the forward gear is engaged the
prop spins clockwise and moves forward. If the reverse gear is engaged
the prop spins the other way moving the boat backwards. The boat
direction is controlled by the prop which can spin either way.

Fig 7 Components of propeller system on small outboard. From left propeller cap and cotter pin, prop, propeller shaft.
(Photograph courtesy Mariner Outboards)

Review questions
1. Name any three advantages and disadvantages of
an outboard engine.
2. What does the term two-stroke mean?
3. Make a sketch of an outboard motor from Figure 6.
and clearly mark in where each of the following is
located:- cowling, throttle, gear box, trim and tilt,
water pump housing.
5. What is the throttle cable and what two points does
it connect?
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6. What is the pitch of a propeller and why is it
important to an outboard motor?
7. Name the three gears in a gearbox.
8. What are the advantages and disadvantages of an
inboard engine?
Research question
★ What is the purpose of the sacrificial anode?
Class activity
★ See if you can get your instructor to show you a
piston from a two stroke engine and compare it with
that of a piston from a four stroke engine.
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Figs 8 and 9 Controls of a small outboard engine
(Photograph courtesy California State Department of Boating)

Fuel system
Outboard fuel

Mixing fuel suggestions:★ Check with the owners manual to
see how your oil is mixed. If you
have to mix the oil yourself, here
are a few tips. First work out the
fuel to oil ratio. If it is 50 to 1, then
for every 50 litres of petrol, you
need 1 litre of oil. If you mix the
petrol at the service station, you
can proportion this by looking at
the gauge on the pump.

The outboard motor is fuelled usually by two stroke fuel supplied
from a fuel tank. Two stroke fuel is a mixture of petrol and oil
usually in the ratio of 1 litre of oil for every 50 litres of petrol.
The fuel tank has a storage area, a gauze filter, and is attached
to the motor by a fuel line. When the fuel tank is transported the
cap is closed to prevent leakage. However pressure will build
up and should be released before connecting the fuel hose. Fuel
is pumped through the line by the rubber squeeze pump located
at the end of the hose near the tank. The flow of fuel mix is
controlled by a stainless steel ball at the end of the hose. Before
connecting the hose to the motor make sure there is no dirt or
sand around the ball.

★ Take special care not to get small
pieces of sand, dirt, grease, cloth
etc., into the fuel or the fuel line as
they will cause blockages and
cause your motor to malfunction.
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Bob Moffatt

★ Most outboard oil containers have
an easy guide to calculations. If
you mix fuel at home or school,
you will have to measure it out.
Five litres of petrol require 100
mls of oil, 10 requires 200mls and
so on.

Fig 10 Outboard tank and fuel line with stainless ball over which fuel will
flow when engaged to fuel connections on motor. Note the rust on the
tank. This will eventually eat through causing the fuel to leak out creating
a dangerous situation.
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Mixing outboard fuel
Outboard fuel for smaller outboards is a mixture of oil and petrol
in most cases. In larger modern outboards, oil is injected into the
engine.

Terminal

Safety: Make sure there are no naked flames around when you
mix fuel and definitely no smoking in or around fuel tanks. One
spark and fuel tanks turn into exploding grenades sending schrapnel
and burning fuel all over your body. You will need a fuel tank,
petrol and two stroke oil.
Ignition

Shell

Centre electrode
Earth electrode
Gap
between electrodes
Fig 11 Generalised illustration of spark
plug. Illustration after Sheffield 1990
Wet Paper

The purpose of the ignition system is to ignite the petrol and air
mixture in the combustion chamber at the exact moment which
will provide the greatest power from the combustion. An electrical
spark is used to ignite the mixture which occurs at the base of the
spark plug.
The spark plug consists of a body supporting two electrodes
between which a spark occurs. The inside electrode is insulated
by a porcelain insulator as shown in the Figure 11.
When an electric current passes down the centre of the electrode
it leaps across the gap to the second electrode thus igniting the
mixture or charge of petrol and air.
Ventilation systems
A cup of fuel in an open boat will ignite and burn to make an
intense fire. However the same cupful in an enclosed space is
covered by a vapour and if ignited will explode violently.
For this reason, boats with enclosed motors must have ventilation
systems which allow these gases and vapours to escape.
Ventilation can be passive where a forward facing cowl catches
wind and takes it down into the bilge by a flexible pipe. A similar
duct extracts the bilge air. In an active system a motor drives a fan
which expels the air from the bilge.

Fig 12 Ventilation system based on air flow. Pumps are also used in larger vessels.
Wet Paper
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Cooling the powerhead
The following notes are from Jim Sheffields Book on Outboard
Motors and are reproduced here with permission.
"There are four types of cooling systems in use on outboards
these include:• Air cooled
• Constant circulation system
• Thermostatically controlled system with bypass circuit and
• Pressure temperature system.
Air cooled Air cooled engines are manufactured with metal fins
protruding from the outside of the cylinders and cylinder heads
to radiate the heat from the engine to the surrounding air. Most
outboard motors are water cooled although some manufacturers
still market, in the lower horsepower range, air cooled models.
Water cooled. Water cooled systems though varying with each
make of motor are basically of the design where water enters
through an intake point near the gear-case and directed to a
water pump located in the lower unit. From the pump the
coolant passes through tubes or channels to the power head
where operating temperature is thermostatically controlled.
Discharge is effected through an exhaust relief and main
exhaust outlet. As with all internal combustion engines, the
cooling system must be designed to maintain a satisfactory
operating temperature rather than the coolest possible
temperature. This is made more difficult in the case of an
outboard where the coolant is not contained in a separate
reservoir where its temperature can be controlled. Because the
temperature of the incoming liquid is not controlled, it is
necessary to control the amount of fluid flowing in the system
and this is achieved by the design of the coolant pump, where
regardless of engine speed the flow of liquid is held relatively
constant.

Fig 13 Cooling system and impeller (after
Sheffield 1990)
Wet Paper
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Water for cooling the power head is circulated by the water
pump located on top of the gearcase and driven by the
driveshaft between the engine and the gearcase. A typical pump
as shown in Figures 13 and 14, consists of a synthetic rubber
impeller which is keyed to the driveshaft, and the pump housing
which is offset from centre with respect to the driveshaft.
Pump housings are manufactured from such materials as
aluminium alloy, bronze alloy or hard plastic. Some aluminium
alloy housings have stainless steel liners where the impeller
blades revolve against. At slow speeds the impeller blades
follow the contour of the housing (shown in Fig 14 over by the
solid lines) and operates as a positive displacement pump
drawing water in as the area between the impeller blades
increases, and being forced out the outlet passage and into the
power head as the area decreases.
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Fig
14 Generalised illustration of
impeller. Illustration after Sheffield 1990
Wet Paper

Presail check of gauges
"Whenever a motor is started it is
essential the cooling circulation and
engine temperature be checked.
Circulation is normally evident by a
discharge of water through the
exhaust relief.
Depending on the cooling system
design, this may not be evident
until the thermostat opens, when a
stream of water from the exhaust
relief referred to as a “tell-tale”,
becomes evident indicating that the
cooling system is operating. Note
that some outboard motors do not
have a tell tale.
On other outboard models excessive
engine temperature is indicated by
a warning device such as a hot light,
gauge or horn.
The indicator being operated by a
thermostatic switch located in the
cylinder head, which closes the
warning circuit whenever engine
temperature is above normal."
Sheffield 1990.
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As engine speed increases, pump rotation speed and pressure
force the impeller blades away from the housing (as shown in Fig
14 by the darkened areas) and the pump operates almost entirely
as a centrifugal pump. Note that the blades curve in the direction of
rotation. It is possible to roll the blades in the opposite direction
by turning the flywheel in reverse. This should be avoided as
premature wear can result to the impeller and housing. Some
manufacturers use a thermostat to assist in maintaining an efficient
operating temperature. Upon starting a cold motor the thermostat
is closed and prevents the water from circulating in the system.
Limited circulation is often permitted by a bleed hole in the
thermostat valve which also allows discharge of air from the
cooling system. The thermostat may recirculate the coolant water
in the power head until operating temperature is reached, then open
to allow the heated liquid to be exhausted, or, may bypass the power
head with the circulated liquid until operating temperature is
reached, then circulate coolant through the block.
Pressure temperature systems. The pressure and temperature
controlled cooling system of certain outboards, contains a pressure
valve and spring in addition to the thermostat. Circulation of water
through the cooling system by the water pump is controlled by the
balanced action between the pressure control valve, water pump
pressure and the thermostat. When the power head and cooling
system temperatures reach approximately 63oC (or 145oF), the
thermostat opens allowing heated water to pass through the water
discharge. As engine speed is increased, water pump pressure
opens the relief valve. This bypasses the thermostat, allowing the
engine to run cooler at higher speeds. Note that in this design the
exhaust outlet is through the propeller hub.
In almost all liquid cooled motors, the coolant liquid passes from
the power head into the exhaust system. The entrance of the water
cools the exhaust stream and the exhaust housing which is usually
part of the lower motor leg."

Pre sail checks
Batteries
Batteries are an essential part of the wiring system of a larger boat
with a starter motor used to crank the engine. If you use a battery,
here are some general rules to follow:
• No smoking or naked lights as hydrogen and oxygen are liberated;
these are explosive gases.
• When charging, connect positive to positive and negative to
negative.
• Keep all connections clean and tight. A thin smear of vaseline
helps prevent corrosion.
• Keep tops clean and dry.
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• Keep electrolytes topped up to the correct level.
• Never allow batteries to stand for long periods of time as
sulphation will take place.
• When tightening connections keep the other terminals covered
to prevent accidental shorting out.
• Always keep the battery well charged.
Tool kit
Part of a presail check will involve checking your tool kit.
Depending on where you are going will largely determine what
you carry, however minor breakdowns can easily be fixed with
a few simple tools and spare parts. Neil and Young (1989)
recommend, " the following as a basic tool kit:• Spare spark plugs and impeller for water pump.
• Spark plug cleaning and setting tools.
• Plug spanner.
• Screwdrivers, slot and cross head.
• Spanners in sizes to fit engines (AF or metric)
• Spare fuel line.
• Carburettor jet cleaners.
• Water-displacing compound.
• Waterproof cover for working under.
• Torch and Mirror to see in difficult places.
• Hammer, electrical tape and cleaning rag."
Look at the photographs below and make a list of extra items you
would add to your list and which you may consider deleting.

Fig 15 Spares kit/Tool kit (Photograph courtesy California State Department of Boating)
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Servicing the motor
Each motor will have its own particular servicing schedule and
you should become familiar with the motor you are using. A
sample manual for a 5 hp Mariner Outboard is described below
courtesy of Mariner Outboards.
"Daily inspections,

Fig 16 Oil filling points for a small
outboard motor.
(Courtesy Mariner Outboards)

Fig 17 Sacrificial anode for a small
outboard motor.
(Courtesy Mariner Outboards)

Check the following before each trip.
• Fuel. Before starting the engine, be sure the fuel tank is
almost full. The fuel must be a 50:1 mix of petrol and oil.
(During the break in period the fuel must be 25:1.)
• Fuel connections. Check all fuel lines for leakages
• Propeller and drive pin. Before mounting the engine to the
boat, check the blades for breaks.
• Propeller cap and cotter pin. Check for damage. If either
breaks the propeller will fall off.
• Spark plug. Keep the spark plug clean. A fouled plug can
cause serious engine problems. Make sure the spark plug
leads are tight.
Periodic inspections.
• After 30 hours. Take out the spark plugs and clean thoroughly,
remove all carbon. Adjust the plug gaps to specifications.
Check fuel line for leaks, damage or air bubbles. Check the
fuel tank.
• Every 50 hours. Add oil to the lower case. Retighten all bolts
and nuts. Inspect the anode.
• Every 100 hours. Adjust the trolling speed and idling speed
of the carburettor and check for smooth acceleration. Check
the starter rope for damage or signs of breaking. Lubricate the
throttle linkages. Drain and refill gear case."
Parts of the motor should be lubricated as recommended by the
motor service manual. A sample of a small motor is shown in
Figure 18.

Fig 18 Service manual lubrication
recommendations for a small
outboard motor.
(Courtesy Mariner Outboards)
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Submerged motor
If your engine was accidentally submerged it must be recovered
as soon as possible. If not, severe rust and corrosion will develop
throughout the engine.
Mariner Outboards in their 1989 workshop manual for small
motors suggest the following,
"Remove the engine from the water as quickly as possible. Wash
thoroughly with fresh water to remove all salt, mud and seaweed.
Remove spark plugs and drain all water from cylinders.
Feed engine oil into each cylinder through spark plug hole and
crank engine several times to spread oil to cylinder walls.
Turn engine over and pour several mls of engine oil through
carburettor while cranking engine.
Have engine overhauled by your authorized dealer as soon as
possible".

Bob Moffatt

How to carry and store an outboard motor and
equipment

Fig 19 Storage using a trolley.

Storage. Ideally a motor should be stored on a trolley so that it
can be wheeled from place to place inside your workshop or
garage. Never carry a motor so that it points downwards towards
the powerhead because water left over from the last use will run
down into the powerhead. Carry a motor so that you are balanced
properly. An easy way to store and move a motor is on a trolley.
Lay the motor down on its cowling as shown so that it does not
fall over and damage the controls.

Bob Moffatt

Bob Moffatt

Safety. Motors can be heavy so ask for assistance if you cannot
lift. Practice loading and unloading the motor getting used to its
weight. Practice lifting it to and from the trolley. Remember
to lift with your feet and not with your back. Lay the motor down
on the front end of the cowling. Position it so that it cannot fall
over.

Fig 20 Make sure you are well balanced and if you cannot lift the motor comfortably ask someone to help you. Lay the
motor down as shown above
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Starting an outboard motor

Fig 21 Connect the fuel lines and make sure they are secure.
(Photographs courtesy Mariner Outboards)

Procedures
Use the manual of the motor you are using to connect the fuel
line. A sample of what to look for is given in Figure 21. The
description below is for a small outboard engine and was
developed by Failes (1985) for teaching secondary school
students. It is recommended that for a larger engine, you consult
the manufacturers handbook because many larger engines use a
key, are controlled by a battery, a trim and tilt mechanism, and
require specific sequencing for starting.

Warning
Never over rev an engine while
running on ear muffs and hose
as some water pump
capacities are sometimes
more than the volume of the
tap water

48 Chapter 2 Outboard engines

Ashore (cold)
1. Check motor mounted correctly and is sitting in a bucket of
water so that the cooling system will suck the water in through
the vents and out through the tell tail. Alternatively attach
a set of ear muffs to the tap and run water continually through
the motor.
2. Connect fuel line (check for sand or gunk on end) and make
sure the screw on the cap is loose so the tank can breathe.
3. Pump bulb until reasonably firm.
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Procedure
Using a bucket as shown on
Page 55 is one way top protect
the impeller from damage or
excess wear.

Starting afloat see also
Page 115
Check motor mounted correctly.
If you can’t lift the motor, get
someone to help. It’s no good
damaging a motor just to prove
you are strong.

4. Check control arm connections and linkages to see if they are
operating correctly.
5. Is the gear lever in neutral?
6. Is the choke on?
7. Is the throttle on “start”?
8. Gently pull starter cord until it catches.
9. Look behind you (so no-one gets belted in the mouth when
you pull cord!)
10. Pull starter cord hard three times or until motor starts. If
motor does not start after three pulls, turn the choke off.
11. As soon as motor “kicks” turn off choke and drop the revs
12. Check to see if water is coming out from the tell tail (shows
water pump is operating).
13.Never change gears when the motor is revving hard.
Ashore (Hot)*
Use the following suggestions when the motor is hot:1. Gear lever should be in neutral.
2. Throttle on start.
3. Same as 9, 10, 11.
* NB. When motor is hot do not use choke.

Mounting the motor
To mount the motor place on the transom, centre it . Then check
to see if the cavitation plate is level with the bottom of the
transom as shown in Figure 22.

Bob Moffatt

Now screw the wing nuts on firmly but not to a point where you
break them. You can adjust them when you have the motor in the
water. Connect the safety chain to an appropriate point on the
motor as shown in Figure 22.

Fig 22 Connect the motor so that the motor is in the centre and the wing nuts are firm but not over tight. Use the security
line attachment ring to attach a safety chain, the length of which should be long enough not to interfere with the tiller, but
short enough so that the motor does not fall in the water if the wing nuts break.
(Left illustration courtesy Mariner Outboards)
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Fig 23 Adjust the cavitation plate so that it is level with the bottom of the
transom. To do this several blocks of wood may have to be placed on top
of the transom. (Illustration after AYF)

Fig 24 Adjust the trim and tilt mechanism so the boat will travel as level
as possible. (Illustration courtesy Mariner Outboards)

Bob Moffatt

Now make sure the trim and tilt mechanism is adjusted so that
when you mount the motor, it sits at the correct angle as shown
in Figure 24. Have someone hold the bow while you board the
dinghy and follow the steps as you practiced ashore. Make sure
you have your balance and that there is no-one behind you when
you pull the starter cord.

Fig 25 Always start the motor from inside the boat.
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Faults
Or what to do when the engine will not start. Most small engine repairs are simple if the operator follows
a simple procedure and has a manufacturers repair manual with the specifications for the particular engine.
Sometimes the cause of an engine problem such as engine hard to start, runs rough, lacks power or will not
run at all is simply a matter of reasoning and the use of the process of elimination. Always check the most
probable cause first but always bear in mind that there could be more than one problem that is causing the
trouble.
A

Trouble chart
A. Does not start
B. Runs irregularly or misses
C. Starts momentarily or cuts
out
D. Does not idle properly

B

•

C

D

E

F

G

H

•

•

•

•

POSSIBLE CAUSE

Fuel tank empty or vent screw closed
Motor is cold

•

Fuel line is not connected

•

•

•

•

•

•

•

Fuel line pinched or kinked

•

•

•

•

•

•

•

Fuel filter(s) in need of cleaning

•

•

•

•

•

•

•

Air leak in fuel system

•

•
•

•

•

•

Wrong oil in fuel mixture

•

•

•

•

Wrong gasoline in fuel mixture

•

•

•

•

Not enough oil in fuel mixture
Too much oil in fuel mixture

•

Low speed mixture screws mal-adjusted

E. Motor speed faster than
normal

•

F. Motor speed slower than
normal

•

•

•

•

•

•

•

•

•

•

Spark plugs fouled or defective

•

•

•

•

•

Wrong type spark plugs

•

•

•

•

Weak spark or intermittent spark

•

•

•

Water pump failure

•

•

•

Cooling system clogged

G. Does not develop normal
boat speed
H. Motor overheats

•
•

Motor flooded

•
•

No spark
•

•

•

Fig 26 A trouble shooting
chart (Courtesy Mariner
Outboards)

•

Propellor damaged
Tilt angle adjusted

•

•

•

•

•

•

Boat improperly loaded

•

•

Transom too low

•
•
•

•

Transom too high

•

•

•

•

•

Insufficient spark advance

Excessive spark advance

•

•

Propellor of wrong pitch or diameter

Review questions
1. Make a copy of figure 6 and describe the uses of the parts numbered 1-19.
2. Describe how the power head of an outboard motor is cooled. What is the role of the thermostat?
3. What are the steps and safety precautions necessary to start a small outboard motor?
2. Calculate how much oil would be required for the following mixes:
(a) 25 Litres of a 20:1 mix
(b) 50 Litres of a 50:1 mix
(c) 100 Litres of a 100:1 mix

Discussion questions
1. Why did you have to pump the bulb and why was it necessary to turn on the choke?
2. Why did you have to pull the cord so hard to start the motor?
3. What happened when your instructor said to someone in the group that they had flooded the motor?
4. Why did the motor roar and how did the throttle work?
5. What is happening under that cowling to drive the boat?
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Engine will not start
Common reasons are that there is no fuel in the tank, the spark plug is dirty, the engine is
flooded or there is major damage to the electrical or fuel systems.
A process of elimination. You can check to see if the spark plug or leads are faulty by the
process of elimination as illustrated below. Make sure you are insulated from the high
voltage when trying this technique.

Fig 27 Illustrations and
photographs courtesy
Johnson Outboards

Cleaning the spark plug
Clean the gap between the electrodes and in and around the seat. Use a wire brush and when
replacing, make the plug firm but not tight. Make sure you use the correct tools and don’t
force the sockets. Remove the high tension lead and then with the plug spanner carefully
remove the spark plug and place it in a vice as shown in Figure 28 below.
Take a piece of emery paper or wire brush and rub between and around the spark gap. Then
take a flatterned nail or something similar and remove dirt and carbon from inside the well.
Check the spark gap from the manufacturers specifications and replace.

Fig 28 Illustrations and photographs courtesy Johnson Outboards
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The engine starts but goes nowhere
Possible problems could be that there is no prop or the sheer pin is broken. If so the
engine will over rev. If you are still tied up to the bank, the engine will be under
load. If you are still tied up or anchored, untie the rope or pull up the anchor!
If the propeller has fallen off, replace it with the spare that you have in your tool kit.
If the propeller is still there and the engine just revs, then the next possibility is the
sheer pin located just behind the prop or there are problems with the rubber hub.
Changing a worn sheer pin
In smaller outboards, a small pin is located in the shaft behind the prop. This pin
is designed to break when the prop is given a sudden jolt thus protecting the gears
in the gear box. If can also break if you change gears at too higher revs. The
following method is suggested as to how to change the pin.
• Identify on the diagram below the following:- sheer pin, prop, nut, split (cotter)
pin and use the tool kit to replace the sheer pin.
• First remove the cotter or split pin. Then unscrew the nut at the end of the shaft
and remove the propeller.
• Now determine if the sheer pin is broken and if so replace. Check to see if no
fishing line is caught on the spline and then position the prop over the pin and
push tight.
• Push a new cotter pin in and jiggle the prop till the pin goes right through. Bend
over one side of the split pin.

Fig 29 The Sheer pin assembly (Photographs courtesy Mariner Outboards)
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Boat and motor stop suddenly
If everyone jerks forward, you have probably hit a sandbank.
Have everyone most forward and see if you can gently motor off.
Chapter 6 deals with other solutions to this problem.
Motor will not idle
You need to check the idle mixture screw noting the following:
• The engine should be warm before adjusting the mixture
screws. Move the throttle handle to the lowest position and
remove the cowling.
• Turn the idle screw in until lightly seated and then back out
one or one and a half turns. Warning. The motor should be
turned off while you are adjusting the setting. With outboard
in gear slowly turn idle screw in and out and then leave where
engine runs the best.
The pull cord breaks
The service manual will again detail this and a typical procedure
is listed below courtesy Mariner Outboards:a.Remove cowling.
b.Take out spare cord from tool kit.
c.Wrap around pulley as shown in Figure 30
d.Pull start and replace cowling.
e.Repair when ashore.

Fig 30 Replacing the pull cord (Photograph courtesy Mariner Outboards)
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Flushing the motor
When doing this activity make sure the motor is securely mounted
before starting.
• Always flush the motor with clean water if you have been in
salt water. This prevents corrosion.
• Wash the outside of the motor down to remove excess salt.
• Take the cowling off and spray a water repellent around the
spark plug and carburetter.
• Remove the prop and check for pieces of fishing line which
may have become entangled around the spline.
• Check the lubrication points and add grease if necessary
• Check the sheer pin and split pins for wear.
• Clean the life jackets or buoyancy vests.
• Clean the fuel tank and check for dirt and grease which may
foul the fuel system.

Wet Paper

For long storage the AYF recommends that apart from referring
to the manufacturers handbook you should, "Wash out the
cooling system with fresh water, use a preservative fluid to
protect the cylinder, lubricate all moving parts as detailed in
manual and wipe over with an oily rag, store in a dry place with
the tank which should also be cleaned out, and make arrangements
with your dealer for servicing before next use."

Fig 31 Flushing the motor and removing water and lubricating parts under the cowling is part of normal storage procedure
(Illustration courtesy Mariner Outboards)
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Review questions
1. The engine will not start. How could you check to see if the spark plug was faulty?
2. The engine will not start. How could you check the high tension lead?
3. If the carburettor was flooded, how could you rectify the problem?
4. List the steps commonly used to clean a spark plug?
5. The engine is running fine, but the boat is going nowhere. You hear that the last person who used the
boat, changed gears when the engine was revving. What is the most likely problem?
6. List the steps necessary to change a sheer pin on a small outboard motor.
7. What is a cotter pin and when should it be replaced?
8. What regular maintenance should be done to the prop of a small outboard engine?
9. The boat and motor stop suddenly. What could have happened?
10. What is an impeller and what role does it play?
11. The pull cord breaks while starting a small outboard engine. How could you repair it?
12. What is the function of the thermostat in the cooling system?
13. What is the function of the choke on a small outboard engine?
14. What function does the spline play in the propeller shaft?
15. Name the parts and state the functions of
1-4 labelled opposite.
16. Redraw the illustration opposite and
label the following:
- cowling
- wing nuts
Wet Paper

- Cavitation plate
- fin
17. On the same diagram indicate where the
Cowling release would be.

Research questions/projects
1. What is the function of the carburettor and how does it work?
2. How does a diesel engine motor work?
3. Find out how a magneto works.
4. Not all outboard motors are two stroke. Find out the other types of outboards.
5. What are jet boat engines?
6. Find out how the gears of an outboard work.
7. What is a sacrificial anode? Why is it fitted to an outboard engine.
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Chapter 3 Small craft safety

Qld Transport

Content

Process

●

safety equipment required in accordance with current government regulations

●

discuss safe working practices while working at sea

●

fire on vessels and fire fighting equipment and its uses

●

apply the use of navigation systems to
prevent collisions at sea

●

navigation lights used on a vessel

●

apply the current safety rules as set out
by current government legislation

●

sailing rules and regulations

●

the recognised means of communicating distress signals and the legal implications of misuse

discuss the use of flammable materials
aboard vessels

●

●

apply the international regulations for preventing collisions at sea

●

navigation lights used on a boat

●

diving flag ( international code A flag)

National Powerboat Training Scheme
Topics
Basic Safety Rules
Rules and regulations
Safety gear - minimum requirements
PFD's
Fire extinguishers
Other safety equipment
Avoiding collisions
Collision regulations
Water traffic regulations
Inland waters and other regulations
First Aid kit
Skills
●

put on a life jacket

●

describe the responsibilities of the owners of a pleasure yacht regarding safety

●

describe how you would obtain further
information about safety regulations

●

recognize different types of PFD’s stating the use for each given situation.

●

recall the meaning of the letters A.S.A.
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Attitudes
●

develop a respect for the sea, an awareness of the need for safety at sea and a
co-operative approach to other students

●

realise the importance of obeying consistently the boating rules both inside and
outside school hours

●

an awareness of codes of behaviour which
are consistent with safe use of the marine
environment.
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Basic safety rules
The rules that follow are based on suggestions and publications from
the Department of Transport and the Australian Maritime Safety
Authority.
During this course you should
develop a safe and caring
approach towards equipment
used to learn the skills, a
concern for the safety of others,
a caring approach to the
environment whilst engaging
in the above activities, and
value the need to be
cooperative and helpful to
others and willing to admit to
error whilst helping others learn.

Rules of the road. Fundamental to all activities associated with
working in the sea is basic safety. Whether you are endeavouring to
pursue a career in the merchant navy, any of the associated industries
or further studies relating to tertiary institutions, you will benefit from
becoming competent in this area.
How to avoid collisions at sea is discussed later but right from the
beginning, the skipper needs to have a sound knowledge of the rules
of the road to ensure safety for craft and crew.
Local knowledge. Rules are designed to prevent collisions of vessels
at sea. They apply to all vessels including wind surfers (sailboarders)
and jet skis.

Fig 1 Summary of
the rules of the
road. Illustrations
c o u r t e s y
Department of
Transport.
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Buoys, beacons and markers are positioned along our coastline
to assist the skipper of a vessel move from place to place in
reasonable weather conditions. Many of these markers and lights
are partly obscured in bad weather or could be missing altogether.
A full discussion of rules follows in the section on buoyage in the
next chapter.

Department of Transport

Advice to relatives. It is important to tell people where you are
going, how many on board, the name of your craft and your
estimated time of arrival home. Many coastal towns have rescue
associations with marine radios as discussed in Chapter 8 on
Marine Communications.
These can be contracted upon departure and you can be logged in
and off. For long voyages, regular radio contact is important
although there is risk involved and there will be a significantly
longer time to mount a rescue operation if an emergency occurred.
Sea Safety Report for Small Craft. This form details the type of
vessel, name, radio/s, flare types as well as intended trip and is
logged with the address on the form.

Safety of boat and crew
The vessel should be inspected regularly for leaks, cracks or
broken pieces of superstructure. In a small dinghy there is
usually built in buoyancy under the seats.
This should be checked, as well as the backing boards for
the outboard motor. Lines should be inspected for wear and
tear and replaced and all safety equipment as listed below
should be inspected every time the vessel puts to sea.
Seaworthiness. If a certificate of survey is required, this
should be kept up to date because the legal requirements for
a boat hire have to be considered. A seaworthy boat could
be described as, "one which can safely handle the sea
conditions it will encounter in normal use"..
The table in Figure 3 has been prepared by the Department
of Transport and lists the equipment required by small craft.
The terms pleasure yacht include all vessels however
propelled which are used for pleasure; including yachts,
launches, motor boats, speed boats, dinghies, sailing boats,
punts, houseboats etc.
Equipment. Back up power supplies, an E.P.I.R.B. (see
later), radio, ground and sea anchors carried. The skipper
should ensure that the engine is in good working order, there
is enough fuel for the trip and there is sufficient freshwater on
board to conform with safety or trip requirements. Other
factors to be considered are basic food supply, radio, condition
of batteries, life saving and fire appliances, hatches and
navigation equipment.
Stability. Persons on board should be made aware of the
need to keep the boat stable and to move around and stow
gear to minimise the chance of capsize.
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Condition of engine/sufficient fuel. Engines have
been discussed in detail in Chapter 2, however the
skipper should be reminded that before departure,
the condition should be checked and fuel mixed in
correct proportions. Sufficient fuel for the trip should
be taken and should be safely stored for trailering
making sure it does not leak creating a fire hazard.
Check the tool kit and the spares kit to see if the safety
equipment mentioned in Chapter 2 is there.
Freshwater and basic food supply. Safety
regulations as outlined on page 77, state the amount
of water to be taken for each person on board. Dried
biscuits and long life foods are a good idea. Army
ration packs if available are also worth considering.
Radio/condition of batteries. Chapter 8 discusses
the radio as the vital link with shore. A radio check
should be made prior to leaving to ensure the radio is
working correctly.
Life-saving and fire appliances. The condition and
number of PFD's (Lifejackets) should match the
maximum number of people the craft is licensed to
carry as should fire extinguishers. These are
discussed on Pages 81 and 82.
Hatches, if present should be inspected to see if they
close and open correctly and are waterproof. These
have been discussed in Chapter 1.
Navigation equipment such as local chart, compass,
depth sounder or chronometer should be checked
before departure.
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Fig 2 Part of Sea Safety - small craft particulars form. Complete lists of safety suggestions and Sea
Safety - small craft particulars forms can be obtained from the Australian Maritime Safety Authority

Note
The information in this
figure is out of date

Fig 3 Summary of the safety requirements for small craft.
Department of Transport
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The skipper
Read also the section on crew
stress Page 133 and passage
planning

The skipper has the responsibility for the safe care of both boat and
crew. Simple questions can be asked like:• Can you all swim?
• Does anyone get seasick?
• Does everyone have a hat, and burn creams?
The skipper should have spare hats, jumpers and creams just to
ensure that everyone has a pleasant day out on the water. The owner
of a vessel has to make sure it is registered with the relevant
Government department and all relevant licence and registration
fees are paid up.

Department of Transport

Usually this requires payment of a yearly fee and the issue of a sticker
which is fixed to the vessel's hull. If a trailer is used to pull the vessel
to the water, this too has to be registered and maintained in good
working order. Insurance can be taken out to avoid personal
liabilities for accidents; this has been discussed on Page 23.
This insurance ensures that if all safety precautions are taken, the
owner is covered financially if legal action is taken . It is important
that the skipper have the ability to cope with the responsibility of the
vessel and the authority over the crew, and thus avoid stress.

Department of Transport

Safety of boat and comfort of crew. When persons are on board,
they should be made aware of the vessels stability and safety
features. This can be done quite informally without making the
person on board feel uncomfortable, after all they are the skippers
guests. By looking at the weather forecast, the skipper can make
plans for the comfort of the crew.

Fig 4 The skipper should be conversant
with all the current rules and regulations
as set out by State Authorities
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Hypothermia. Water evaporating from the skin cools it. At sea,
when the body is continually getting wet, this cooling extends to the
blood vessels below the skin lowering the temperature of the blood.
Continued cooling of the blood will affect the organs to which it
flows and their normal functioning is effected. Internal cooling of
the body is called hypothermia and in severe cases can result in death.
This is why charts are drawn of life expectancy survival times at sea.
One is discussed in Chapter 10. At night it often gets very cold at sea
and the skipper should ensure that persons on board have adequate
clothing. During the day the skipper should look for situations that
could involve sunburn or create overexposure. Children on board
should be supervised at all times.
Boating and alcohol do not mix. Follow the advice given by the
current policies with regard driving a car. There are legal limits set
by law and these should be adhered to. The blood alcohol content
laws apply and offenders can face heavy fines for exceeding legal
limits. Bottles and cans also create pollution problems.
Noise is another problem associated with boating whether it be
created by the crew or the engine.
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Boat etiquette
Discussion points
★ You are coming on board a vessel.
Why should you adhere to the following points of etiquette?
1. Knock loudly to attract attention.
2. Wear white soled shoes or have bare
feet.
3. Ask permission to come aboard.
4. Clean your feet.
Revision questions
1. Name eight "rules of the road" as they
apply to sailing and power vessels.
Draw diagrams to illustrate your answer.
2. Why is local knowledge considered
an important part of basic safety?
3. What type of advice should you give
relatives if you are going boating?
4. What is a sea safety small craft report
form? When and where should it be
lodged?
5. Why should a certificate of survey be
kept up to date?
6. Give a definition of a sea worthy boat
and justify your answer.
7. The term pleasure craft applies to
what types of vessels?
8. Why should stability be an important
factor in determining a boats safety?
9. Why is mixing of fuel an important
factor in the safety of a vessel at sea?
10. How much water is required per person for a vessel 4.88 m going offshore?
11. Are bilge pumps required for vessels
under 4.88 metres?
12. What type of anchor gear is required
for a vessel 7.93 metres long?
13. What type of fire extinguishers are
required for vessels 4.88 metres in
length?
14. What is a lanyard?
15. Make up a table of the lists of responsibilities of a skipper. Beside each
responsibility give a reason.
Research question
Find out about salvage regulations in your
state.
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If at all possible it should be kept to a minimum as noise over
water travels quite considerable distances and people can often
hear conversations from other boats for over 200 metres.
Guests on board. The skipper is responsible for these as well.
Common sense when dealing with unruly guests will usually
solve many of the problems without having to "clap his unruly
guests in irons" and the skipper should try to solve problems as
soon as possible before they get out of hand. Keeping people
busy is one way.
Seasickness can cause many problems, particularly for the person
who is seasick. At some stage or another a person will get seasick
whether it be from something eaten or from the state of the sea.
People who say they never get seasick, are just having you on. A
bad case of seasickness can cause internal haemorrhaging or
dehydration and should not be taken lightly. Seasickness is not
psychologically induced and is a physical problem caused by the
disorientation the body receives when on water. It is however a
problem with first time sailors who really believe they will be
seasick. The skipper should keep an eye on these and keep them
busy and on deck. There are pills and wristbands which can help,
but all rely on the individual's own reaction to the problem. See
also Chapter 10.
Reporting accidents. The regulations regarding this vary from
state to state. In most cases, accidents have to be reported to the
relevant government department so that records can be kept for
insurance and salvage claims. If your boat is involved in an
accident all assistance should be given to those injured. Never
turn your eye the other way so not to be involved.
Salvage. All mariners help each other at sea. If one boat can help
another it will with very little asked or given, however when
commercial vessels are involved, time is money and if a person
can show that he or she helped save boat and/or its crew, then a
salvage claim against that person or its insurance company can
legally be made. The claim should be well documented so that
proof of an agreement between both parties can be established. In
salvage, if you accept the line thrown by the rescue boat, you
could be entering into such an agreement. Make sure you discuss
this first before taking a tow or it may be better to throw your line
first and then start discussions. Commercial vessels are easily
distinguished as are the vessels of volunteer rescue associations.
Check your insurance policy also to see if it contains salvage
clauses and find out if you are covered and for how much.
Weather. This is discussed in greater detail later in Chapter 7
however it is the responsibility of the skipper to obtain up to date
forecasts before venturing out and show a respect for wind and
sea.
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Rules and regulations
Review questions
(Refer Fig opposite)
1. What activities can occur in a light
blue zone?
2. Can a trawler catch fish in a dark
blue zone?
3. What is a green zone and why
activities are restricted to it?
4. What is a yellow zone and how is
it different to a green zone?
5. Can you recreational fish at
Fishermans Beach on Great
Kepple Island?
6. Can you snorkel around Big Peninsula on Great Kepple Island?
7. Can you trawl for scallops around
Man and Wife rocks?
8. Can you camp on North Kepple
Island? If so is a permit required
and what do you have to do to get
a permit?
For discussion
1. What is the purpose of a pink zone
and why are their none on this
map? See Fig 6 page 65 of an
example of Great Barrier Reef
Marine Park Map.
2. Why is there a green zone between Brampton and Carlisle Islands?
3. What is the purpose of a replenishment and seasonal closure areas?

Like it or not, the rules for using the marine environment are many
and varied and change from state to state. One aspect is clear - we
should adopt codes of behaviour consistent with the rules and
attempt to apply them wherever possible. The Australian Yachting
Federation has recognised 10 as being important. These are:
• State Marine and Harbour Regulations, which specify such
things as registration, insurance, local port regulations and
special reserves, collision regulations, safe boating gear, areas
of boating activities, licencing of boats as detailed brochures
like the one shown on Page 62.
• Water traffic regulations which detail local speed limits,
skiing areas, hours of operation.
• Boating safety equipment regulations detailing the safety
equipment that is required for small craft as detailed in figure
3 page 61.
• Management of waters and waterside lands regulations.
State authorities will publish lists of boat ramps, the facilities
of each or local camping regulations.
• Navigable waters (anti-pollution) regulations. With
increasing numbers of boats at moorings and local waterways,
many local authorities institute by-laws governing pollution.
Anti-fouling paints are now controlled by legislation as is
disposal of toilet waste. Use of land toilets before departure
or during a trip will keep sewage effluent on the land where it
belongs.
• Port regulations. Port regulations cover such aspects as:- rendering assistance to other vessels in the event of collision
- accidents and damage aboard ships
- local whistle signals
- flag, storm warning or diving signals
- flags for unloading dangerous goods
- lights exhibited by local ferries and associated precautions
- life-rafts procedure

Research questions
1. What are the registration and insurance requirements for vessels in your state?
2. In your local area, are there any reserves, marine parks or habitat reserves? What regulations apply to these and
what can you do in these areas. e.g. Look at the table opposite provided by the Great Barrier Reef Marine Park
Authority. You may like to draw one up for your local area.
If there are no local reserves or marine parks, you might like to come up with your own. You should do this in
conjunction with Chapter 19 on Marine Conservation and Management Principles.
3. If you have a local port what are the regulations that apply to:(a) Ferries
(b) Storm warnings
(c) Vessels unloading dangerous goods
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Fig 5 Example of Great Barrier Reef Marine Park Map (Photographs and illustration
courtesy Great Barrier Reef Marine Park Authority)
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Fig 6 Common Water Ski Signals
and Sailboard hints (Illustrations
courtesy Department of Transport)
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Avoiding collisions
The discussion which follows is a summary of the "International
Regulations for the Prevention of Collisions at Sea".

Why have regulations

Responsibility (Rule 2) infers that it is the responsibility of the
skipper to know the international rules and he or she cannot be
excused for failing to know them.

"A system to avoid collisions at sea
was adopted in Australia in 1977.
Basically the rules determine, in a
situation where a collision may
occur or in overtaking or passing,
which vessel has the right of way
and which vessel is obliged to give
way. Rules set standards and
procedures for visual signals,
through the use of shapes, sounds
and lights, for warning and distress.
In any dispute between the
operators of vessels at sea, the
actions of each skipper are judged
on how they performed within these
rules."

Vessel definitions (Rule 3)
The word vessel includes every description of watercraft capable
of being used as a means of transportation on water.
• A sailboard or sailing boat would be one driven by sails.
• A vessel engaged in fishing means the boat has fishing gear
that restricts is manoeuvrability i.e.. Trawler nets or lines.
• Power driven means its driven by a motor.
• Seaplanes include any planes capable of being propelled on
water
• A vessel not under command means the vessel is unable to
abide by the rules and cannot get out of your way.
• A vessel restricted in her ability to manoeuvre is one
which is working on a difficult task such as laying submarine
cables, dredging, towing , transferring cargo or picking up
navigation marks
• A vessel restrained by her draft is one which has to stick to
the centre of the channel or she will run aground.
• A vessel underway means the vessel is not at anchor,
aground or tied up at the dock.
• Vessels are said to be in sight of one another when they can
be seen with the naked eye.
• Restricted visibility means you cannot see other vessels
because of fog, mist, snow, sandstorm or heavy rain.

"Skippers of small craft should keep
out of the way of larger vessels
because they have great difficulty
manoeuvring.... It should always
be remembered that the prime
responsibility of skippers within
these rules is to avoid collision."
Commonwealth of Australia
Copyright. Reproduced with
permission.

Look-out rule (Rule 5)
Basically this means that you should constantly look out for any
chance of collision.

Side of
channel

Narrow Channel (Rule 9)

Wet Paper

Side of
bank

Fig 7 Narrow channels Rule 9
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In narrow channels:• Keep as far to the right of the channel as is practical.
• Keep out of the way of bigger boats if you are a smaller boat
.
• Don't fish in the middle of the channel.
• Don't anchor in the middle of the channel.
• If you are on a bend in the channel, keep an ear out for sound
signals.
Traffic separation schemes. (Rule 10)
The only traffic separation scheme under Federal law is in Bass
Straight adjacent to Wilson's Promontory. In NSW regulations,
one applies to Port Jackson. In general, vessels enter and leave
Marine Studies Copyright Wet Paper 2014

separation zones at the end of the zone and only cross in
emergency or at right angles. .
Sailing vessels (Rule 12)
When sailing vessels are approaching each other, wind direction
controls.
• If two sailing vessels approach each other when each has the
wind on different sides, the vessel which has the wind on the
port side keeps out of the way of the other.
• If two sailing boats approach each other and have the wind
on the same side, the vessel which is to windward shall keep
out of the way of the vessel which is to leeward.
• If a vessel with the wind to the port side sees a vessel to
windward and cannot determine with certainty whether the
other vessel has the wind on the port or on the starboard side,
she shall keep out of the way of the other.
Overtaking rule (Rule 13)
When overtaking keep well clear of the vessel you are overtaking.
An overtaking vessel is one which is more than 22.5 degrees
behind the stern. The 22.5 degrees is governed by the colour of
the stern light you would see at night.
Head-on situation (Rule 14)

Wet Paper

Applies to power vessels which pass on their port sides. At night
the vessels should see their masthead lights in a line or both side
lights.

Fig 8 Sailing vessels Rule 12

Fig 9 Head on situation Rule 14
Wet Paper

Crossing situation (Rule 15)

Wet Paper

Applies to a vessel approaching on your starboard bow in which
case you should give way to the vessel on the starboard side.

Fig 10 Overtaking situation Rule 13

Fig 11 Crossing situation Rule 15
Wet Paper

Marine Studies Copyright Wet Paper 2014

Chapter 3 Small craft safety 67

The vessel giving way (Rule 16) shall keep well clear.
The stand on vessel (Rule 17) shall maintain course and speed
until it is obvious the other vessel doesn't know the rules and then
the stand on vessel should take whatever action as is necessary
to avoid collision.
Responsibilities of vessels (Rule 18)
A power driven vessel underway shall keep out of the way of a
vessel not under command, a vessel restricted in her ability to
manoeuvre, a vessel engaged in fishing, or a sailing vessel.
A sailing vessel under way shall keep out of the way of a vessel
not under command, a vessel restricted in her ability to manoeuvre,
a vessel engaged in fishing. The term not under command means
a vessel which is unable to manoeuvre through some exceptional
circumstances. Vessel restricted in her ability to manoeuvre
means a vessel restricted by the nature of her work.
Restricted visibility (Rule 19). This rule applies to vessels not
in sight of each other when visibility conditions are poor.
• Proceed at a safe speed
• Have respect for the prevailing conditions
• If you have radar and see the possibility of a collision take
whatever steps are necessary to avoid that collision.
Lights and shapes
Lights (Rule 20) All vessels used at night or in periods of
restricted visibility must carry lights so that the vessel can be
seen between dawn and dusk. This enables other vessels at sea
to work out:• the type of vessel she is approaching,
• if the light is a vessel or something else and
• the type of vessel at sea.

Fig 12 Navigation lights. (Illustrations
courtesy Department of Transport)
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Definitions of lights (Rule 21)
There are six definitions as presented in the rules.
• "The masthead light is a white light placed over the fore and
aft centreline of the vessel showing an unbroken light over an
arc of the horizon of 225 degrees and so fixed as to show the
light from right ahead to 22.5 degrees abaft the beam on
either side of the vessel."
• "Side lights mean a green light on the starboard side and a red
light on the port side each showing an unbroken light and
over the arc of the horizon of 112.5 degrees and so fixed as
to show the light from right ahead to 22.5 degrees abaft the
beam on its respective side. In a vessel of less than 20 metres
in length the sidelights may be combined into one lantern
carried on the fore and aft centreline of the vessel"
• The stern light means a white light placed as nearly as
practical to the stern showing an unbroken light over an arc
of 135 degrees and so fixed to show the light 67.5 degrees
from right aft on each side of the vessel"
• A towing light is similar to the stern light except it is
YELLOW.
• An all round light is made so that it can be seen all round the
vessel. A flashing light means a light that is flashing at
regular intervals.
Lights are constructed and positioned on the boat at definite
angles so that an observer can determine which direction the
vessel is travelling.

Fig 13 Navigation lights and their definitions. (Illustrations courtesy Department of Transport)
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For power driven vessels under way (Rule) 23
Power driven vessels under way have to show
• Masthead light - forward (if over 50 metres a second masthead
light abaft of and higher than the forward one)
• Side lights
• A stern light
Visibility of lights (Rule 22)
An air cushioned vessel
must also exhibit a yellow
flashing light and vessels
less than 12 metres may
have an all round white light
and sidelight and a vessel
less than 7 metres in length
and not capable of more
than 7 knots must carry a
white light and if possible
sidelights.
The reason for this is shown
below.

The distances these lights can be seen is as follows:
For big vessels (50 metres or more)
• Masthead light - 6 nautical miles
• Side lights - 3 nautical miles
• Stern and towing lights - 3 nautical miles
• Any other lights - 3 nautical miles
For middle sized vessels (12 to 50 metres)
• any light - 2 nautical miles
For small vessels (less than 12 metres)
• Masthead light - 2 nautical miles
• Side lights - 1 nautical miles
• Stern and towing lights - 2 nautical miles
• Any other lights - 2 nautical miles
Vessels towing or pushing (Rule 24) These vessels shall
display at night:
• Two white masthead lights in line
• Sidelights
• Stern light
• Yellow towing light
• However if the length of the two exceeds 200 metres three
lights are required and a diamond shape where it can be best
seen on both the towing and towed vessels

Fig 14 Towing situation (Rule 24)
Wet Paper
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Anchored vessels or vessels aground (Rule 30) A vessel
which is anchored or has run aground shall display the following
lights.
• An all round light at night or a black ball during the day and
if greater than 50 metres.
• another all round light lower than the other at the stern and
display of (if possible) her deck lights.

White
White

White

White

Fig 15 Vessels at anchor (Rule 30)
Wet Paper

Vessels aground
may also display two
all round red lights in
a vertical line during
the night and three
black balls in a
vertical line during the
day.

Illustrations
courtesy
Department of Transport)
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Sailing vessels under way or vessels under oars (Rule 25) You
can tell the difference between a sailing vessel and a power driven
vessel because a sailing vessel is required to display:• A white stern light.
• Two side lights.
Fishing vessels (Rule 26) This rule is to enable you to see
commercial fishing vessels at night. Commercial vessels either fish
by means of long lines, poles or nets or trawl by means of nets that
move along the ocean floor and are hauled up from time to time.
A vessel engaged in fishing by any means shall display lights as
follows:• Two all round lights in a vertical line, the upper green and the
lower white. In the daytime two cones apex together or if less
than 20 metres, two baskets.
• A masthead light behind and higher than the green light but if less
than 50 metres in length need not do so
• If under way sidelights and a stern light.

Fig 16 Rules 25 and 26. Illustrations courtesy Department of Transport.
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A vessel fishing other than trawling shall show an all round red light above
the all round white light.
• If out laying gear extends more than 150 metres horizontally from the
vessel, an all round white light at night and in the daytime a cone apex
upwards towards the gear.
• If making way through the water additional side lights and stern lights
must be displayed.
Vessels not under command or restricted in their ability to manoeuvre
(Rule 27) shall exhibit two all round red lights in a vertical line where they
can best be seen or two balls or similar shapes. When underway the vessel
shall display sidelights and a stern light. Special rules are involved with
vessels clearing mines or dredging
Vessels constrained by their draft (Rule 28) In addition to the lights
normally carried or displayed, the vessel shall exhibit three all-round red
lights in a vertical line or a cylinder.
Pilot vessels (Rule 29) These vessels shall exhibit at or near the masthead,
two all round lights in a vertical line the upper being white, the lower being
red. When underway, she shall turn on sidelights and a stern light.

Fig 17 Rules 27, 28 and 29. Courtesy Department of Transport.
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Sound signals

Short
blast

Definitions (Rule 32) Different vessels are to make different noises
the definitions of which are as follows:
• Whistle means any sound signalling appliance capable of producing
the prescribed blasts according to the prescribed frequencies and
noise levels.
• A short blast is a blast which lasts about one second
• A long prolonged blasts for about 5 seconds.

Long
blast

Fig 18 Sound signals
Wet Paper

I have a diver down, keep at least
30 m clear and pass at slow speed.

Fig 19 Dive flag
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Manoeuvring and warning signs (Rule 34). When vessels are in sight of each other, they may signal to
each other as follows:I am altering course to starboard

Short
blast

I am altering course to port
I am going astern
I am in doubt as to your intentions

Short
blast

Short
blast

Short
blast

Short
blast

Short
blast

Short
blast

Short
blast

Short
blast

Short
blast

Short
blast

If lights are used for these signals then:• The interval between flashes shall be about one second.
• The duration of each flash shall be about one second and
• The interval between successive signals shall not be less than 10 seconds
• The light must be an all round white light of minimum visibility 5 miles.
If vessels in narrow channels wish to pass each other then sound signals are also used as follows:I intend to overtake you on your starboard side?
Long
blast

Short
blast

Long
blast

I agree to be overtaken
Long
blast

Short
blast

Long
blast

Short
blast

I intend to overtake you on your port side?
Long
blast

Long
blast

Short
blast

A vessel nearing a bend in a river where other vessels are obscured shall sound
and should be answered by

Short
blast

Long
blast

Long
blast

Areas of restricted visibility
In areas of restricted visibility whether by day or by night a power driven vessel shall sound at intervals of
not more than 2 minutes - one prolonged blast.
If the vessel that is underway stops or can make no progress through the water, it shall sound at intervals
of not more than 2 minutes two prolonged blasts of about 2 seconds between them.
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Water traffic regulations
The consequences of negligent navigation are serious and just because you operate a small boat, don't for
one minute think the bigger ones will get out of your way. You will become a nuisance and place other
people in danger. This applies to aquaplaners, water skiers and sailboarders who should be aware of the
speeds and distances appropriate to state regulations. These are often prescribed by advisory signs and
speed limits.

Fig 20 Courtesy NSW TAFE
and PFD liferafts.
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EXAMPLE ONLY, CONSULT MARINE SAFETY WEB
SITES FOR UP TO DATE INFORMATION

Fig 21 Courtesy QLD Department of Transport

Safety gear minimum
requirements
Each state has its own set of regulations
regarding the licencing of boats, trailers and
safety equipment. These vary from state to
state. There are specific traffic and harbour
regulations that apply to bigger boats and
mooring fees.

Note
The information
in this table is
out of date

The table above has been reproduced with
kind permission of the Qld Department of
Transport and the photograph is from the
publication Sea Safety, produced by the
Australian Government Publishing Service.

Fig 22 Safety gear. Commonwealth of Australia Copyright.
Reproduced with permission.
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Life jackets/personal flotation devices (PFDs)

Example of 2008
AS 4758 label

Example of 1996
AS 1512 label

Under standard AS 4758

Under previous standards

Level 275
Level 150

Coastal life jacket

Level 275
Level 150
Level 100

PFD type 1
(AS 1512-1996)

Level 50
Level 50 special purpose

Here are some important points to remember about life jackets to avoid getting
a fine.
• Life jackets should be accessible at all times; if they aren’t visible to
passengers you must clearly sign where life jackets are stowed. The sign
must have the words ‘life jacket’ in red text on a white background or white
text on a red background.
- They must be kept in good condition.
- They must fit the wearer – ill-fitting life jackets won’t meet the safety
equipment requirement.
- Do not use life jackets as a cushion.
- Make sure you know how to put them on quickly.

Life jackets/PFDs must comply with
standards

PFD type 2
(AS 1499-1996)
PFD type 3
(AS 2260-1996)

Note: The levels stands for newtons of
buoyancy (N) and is the amount of force or
upthrust provided by a life jacket in water

STANDARDS AND LOGOS

Life jackets should be marked correctly to ensure they
comply with standards.
• For a life jacket to comply with a particular standard,
certain information required under that standard must be
Level 100,
150 or 275
displayed.
• The current standard for life jackets is Australian Standard
4758 (AS 4758). This standard has replaced Australian Standard 1512–
1996, Australian Standard 1499–1996 and Australian Standard 2260–
1996.
• You do not have to upgrade your current life jacket under the old standards
– they will still be acceptable for use as long as they are in good condition.
AS 4758 has a different rating system than the previous standards.
For use in smooth, partially smooth and open waters
• To comply with Australian Standard 4758 it must be marked ‘Level 100’,
‘Level 150’ or ‘Level 275’.
• To comply with Australian Standard 1512–1996 it must be marked ‘PFD
type 1’.
• Not to be used by personal watercraft (PWC) riders, skiers or people being
towed.

Level
PFD type, model identification
Intended mass range
Illustrated donning instructions
Standards symbol

Wet Paper

Instructions for care and storage
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Manufacturer's name, date of manufacture, batch
number
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For use in smooth and partially smooth waters
•
•

Wet Paper

•

Level
100, 150
or 275
PFD 1

Level
50
PFD
2

Level 50
special
purpose
PFD 3

•
•

To comply with Australian Standard 4758 it must be marked ‘Level
50’.
To comply with Australian Standard 1499-1996 it must be marked
with ‘PFD type 2’.
Keeps you afloat but does not have a collar to keep the head above
water.
Can be used by skiers or people being towed in smooth or partially
smooth waters.
Can be used by PWC riders in smooth and partially smooth waters or
beyond those waters.

For use in smooth waters
•
•

Wet Paper

•
•

INFLATABLE PFD
Levels 150 upwards
The outer cover expands to reveal a inflation
bladder with high visibility markings and signal
whistle

•
•

Inflatable PFD's
•

•

Wet Paper

•

Level 50

To comply with Australian Standard 4758 it must be marked ‘Level 50
special purpose’.
To comply with Australian Standard 2260-1996 it must be marked
with ‘PFD type 3’.
May be a specified buoyancy wet suit.
For use in smooth waters and only where the user is likely to be in the
water for a short time.
Can be used for skiers or people being towed in smooth waters.
Can be used by PWC riders in smooth waters.
Inflatable life jackets are approved equipment and must comply with
the same standards that are applied to foam life jackets. They must be
gas inflated and not rely on oral inflation only.
Inflatable life jackets used on a recreational boat must show an expiry
date and be serviced by the manufacturer or authorised service centre
according to the manufacturers service requirements.
Alternatively where the manufacturer has established a documented
service program the owner or master can service the PFD themselves
provided they can produce documented evidence showing adherence
to the service program.

Coastal and SOLAS

Bob

•

Bob Moffatt

Wet Paper

COASTAL PFD

Level 50
special
purpose

These jackets have more flotation than a PFD type 1. They are bulky
life jackets designed to keep the body afloat for long periods.
• They have reflective tape, a whistle and light to attract attention.
- These jackets are designed for commercial boats and recommended
to be carried by boats operating long distances offshore.
PFDs on children
• When choosing a PFD for a child (over 12 months of age), care must
be taken to ensure it fits properly and the child will not slip out of it
when in the water.
• If you are under 12 and the vessel is under 4.8 m and underway, you
MUST wear a life jacket.
Further information at
www.msq.qld.gov.au/Safety/Life-jackets.aspx

SOLAS
Marine Studies Copyright Wet Paper 2014

Chapter 3 Small craft safety 79

Flares
Fig 21 and on page 77 shows under what conditions flares have to be carried.

Fig 31 Orange handsmoke - best seen during the day

Wet Paper

Fig 30 Red handflare best seen at night

Wet Paper

Wet Paper

Flares are a means of attracting attention. There are a number of different types. Three common types are:• Orange handsmoke for daytime and night-time use.
• Red handflare for night-time use.
• Rocket parachute designed for offshore use.

Fig 32
Flares kit - make sure they are not out of date

80 Chapter 3 Small craft safety

Marine Studies Copyright Wet Paper 2014

Fire and extinguishers
Fig 21 on Page 77 shows under what conditions fire extinguishers have to be carried.

Fire is a real problem aboard a vessel due to the confined space and
the speed with which it spreads. Gases can build up in the bilge and
an explosion can occur.
The fire triangle in Figure 34 shows the three components of a fire.
Remove any one and the fire will go out. Fire extinguishers are
designed to remove the heat or air or both.

Fig 33 (Photo courtesy Qld Transport)
Fig 34 Elements of a fire.
Reproduced with permission.

Commonwealth of Australia Copyright.

Types of fire
• Class A fires which are fuelled by wood, cardboard, paper,
plastic bags or fabrics. Cooling the fuel will extinguish the fire.
• Class B fires which are fuelled by petrol, diesel, kerosene or
other such flammable fluids. A smothering extinguisher is used
here.
• Class E fires which are electrical fires. So a non conducting
extinguisher is used.

Fig 35 Always fill at the dockside.
Commonwealth of Australia
Copyright. Reproduced with
permission.

The following table, reproduced courtesy NSW TAFE, summarises
the type of fire extinguisher and the type of fire it is designed for.
Note that Halon fire extinguishers are being phased out.

Note
The information
in this table is
out of date

Fig 36 Illustration courtesy
NSW TAFE.
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The correct fire extinguisher has to be used which suits each
particular fire. Steps in using the extinguisher as advised by the
Department of Transport are:-

Fig 37 Courtesy Qld Transport

Identification of fire extinguishers
Fire extinguishers are identified by their colour as follows.
Water filled extinguishers ...

...

...

Red

Foam filled ...

...

...

...

...

Blue

BCF ...

...

...

...

...

...

Yellow

CO2 ...

...

...

...

...

...

Red with a black band

...

...

...

...

Red with a white band

Dry chemical

The most popular extinguisher is the dry chemical because it is inexpensive, easy to use and easily
replaced. Its drawbacks are with use on electrical equipment, and TAFE NSW recommends that "it is
wise to carry in addition to the dry chemical a CO2 extinguisher especially for the use in the electronic
or electrical equipment. CO2 is an inert gas which replaces air and does not harm the delicate equipment
in any way. You should remember that when using CO2 extinguishers that you are excluding air from
the fire area and that this can be hazardous. A further caution about this gas: it can be lethal in high
concentrations in confined spaces." From Neil and Young, Page 21.
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Care and maintenance
Needless to say the performance of all equipment depends on
how you and your crew use the equipment. If you don't know
how to use something ask. If you break something tell someone,
and have it repaired as soon as possible. The care of most
equipment is discussed separately in this book. The following
should be checked regularly:• Buckets and bailers.
• Paddles and oars.
• Anchors and lines.
• Distress signals including flares, torches and signalling
mirrors
• Drinking water.
• Life rafts and survival suits.
• Compasses.
• Charts and maps.
Stowage
It is important that everything is securely stowed aboard. All the
safety gear should be arranged so that:• It does not fall and so break.
• Does not get wet (except for the obvious cases).
Stowage lockers are built into the hull of most craft, but a sturdy
rubbish bin or bucket with a snap lid can provide useful substitutes.
Radio and E.P.I.R.B's
A radio is used to communicate with others and is discussed in
full in Chapter 8. An E.P.I.R.B. or emergency position indicating
radio beacon is a devise for sending a particular radio frequency
that can be detected by satellite and is discussed at length later
in Chapter 8. Every vessel that puts out to sea should be
equipped with a marine radio as well as an E.P.I.R.B. and should
fill out a sea safety log form.
First aid kits

Fig 38 Illustration courtesy GME

A practical first aid kit for small dinghy is given below. This kit
can be stowed in a plastic bread box with a snap lid.
• A space blanket.
• Tube of antiseptic cream.
• Sea sickness medication. (Consider also prescription
medication).
• Bottle of hibitane antiseptic and scrubbing brush.
• Simple pain killers.
• A bottle of vinegar (for area where marine stingers are
prevalent).
• Two elasto-crepe bandages.
• 4 small towels.

Note: The information in this figure is out of date
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•
•
•
•

Small carton of electrolyte saches.
Selection of minor wound materials (bandaids, real of tape,
cotton bandage, safety pins, scissors).
Gauze swabs (or the less expensive ladies sanitary towel
version).
Plastic bread bin or carry bin with snap lid for storage.
The radio is an essential component of the first aid kit
because expert help is usually always present at the other
end.

Life buoys
Offshore vessels are required to carry lifebuoys with a whistle,
dyemarker and 30 metres of float rope. In many yachts this is
attached to a danbuoy.

Fig 39 Sample first aid kit. (Photo courtesy
Department of Transport - Canberra)

Dan bouy

Fig 40 Positioning of life buoys
Line

Life raft

Using a heliograph
The book, Sea Safety edited by Teki Dalton, describes the use of
a heliograph as follows, "Hold the signalling mirror close to your
face, clear of the line of vision with the reflective surface
outwards. With the other arm extended, the point of a finger is
used to aim at the target surface vessel or aircraft. When the glass
is tilted so that the reflected patch of light passes across the
outstretched aiming finger, a bright flash of sunlight will be
reflected towards the target. "

Fig 41 Life buoys Commonwealth
of Australia Copyright. Reproduced
with permission.

Fig 42 Signalling with a heliograph.
Commonwealth of Australia
Copyright. Reproduced with
permission.
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Stinger drill
In tropical waters, marine stingers are a real problem and the Australian Surf Life Saving Association
recommends the following first aid. Remember the idea of first aid is to prevent death until expert help
arrives. A full discussion of managing marine accidents is given in Chapter 10.

(a) The Australian blue bottle

(b) Stinger drill

(c) Adult box jellyfish

Fig 43 This page (Courtesy Surf Life Saving
Association of Australia)

(d) Common blubber jellyfish

Marine Studies Copyright Wet Paper 2014

Chapter 3 Small craft safety 85

Review questions

24. What is the duty of an observer in a ski boat?
In narrow channels, which is the correct side of the channel
25. What is the minimum age of an observer?
for a power driven boat under-way?
2. A power boat is approaching you, end on, (head on) right 26. How many skiers can be towed behind one vessel?
ahead. What do you do?
27. How many water ski boats may use an approved area
at any time?
3. A power boat is crossing your bow from starboard to port.
1

There is a risk of collision. What do you do?
4. A power boat is crossing your bow from port to starboard.
There is a risk of collision. What do you do?

28. When more than the approved number are waiting to
use the area how long may the driver of a water ski
boat continue to tow water skiers in the area?

5. A sailing boat is approaching you. There is a risk of a 29. What action should be taken when there is no signal
from a fallen skier?
collision, What action do you take?
6. You are approaching at speed an anchored dinghy in which 30. What is the speed limit in a boat basin or through boat
anchorages?
people are fishing. What do you do?
7. You are approaching a bank and see bathers where you 31. What is the speed limit for all speed boats in small
rivers and creek?
want to beach your boat. What do you do?
32. Under what circumstances may a speed boat exceed
8. You are approaching a ferry. What do you do?
the limits applicable to displacement hull vessels
9. You are approaching a main shipping channel. A larger
33.
Describe the Code “A” Flag.
vessel is approaching. What do you do?
10. You are approaching a professional fisherman engaged in 34. In the event of the international Code “A” flag being
shown on any craft or buoy, what does it mean and
fishing. What do you do?
what action do you take?
11. You are overtaking another vessel. What action do you
35.
What regulation lights are carried within waters of
take?
jurisdiction by
12. What do you consider essential requirements for the safety
(a) A sailing vessel?
of persons carried in your boat?
(b) A power driven vessel?
13. What licence do you require to drive a speed boat and/or
36. What regulation lights are carried by cross river ferry
speed boat engaged in water-skiing activities?
services?
14. Can any other person other than a licensed driver, drive a
37.
What regulation lights are carried by cross river ferry
speed boat?
services on your local river?
15. What should you do in the event of a Boating Accident?
38. What lights are carried by a vessel engaged in
16. What is the minimum legal age for obtaining a licence to
trawling?
drive a speed boat?
39. When vessels are in sight of one another what is
17. When is the occupant of a speed boat considered to be
indicated when a power driven vessel under-way
safety accommodated as required by the regulations?
makes
(a) One short whistle or siren blast?
18. What special rules must you know in relation to water ski(b) Two short blasts?
ing?
(c) Three short blasts?
19. How many persons may be carried by a speed boat when
engaged in towing a water skier

40. What is the signal indicating a vessel is proceeding
up river or approaching any bend going up river.
20. Is there any exception where more than three persons can
be carried?
41. What is the signal indicating a vessel is proceeding
downstream?
21. Where may vessels be used for water ski-ing?
22. What is the minimum distance a water ski boat or skier is
permitted to approach?
(a) A bank or shoreline in a river, creek, lake, dam or inland
water.
(b) Any structure used for water ski-ing - any boat ramp - any
moored or anchored vessel - any person bathing or fishing
in a river, creek, lake, dam or inland water.

References

23. What is the minimum distance a water ski boat is permitted
to approach?
(a) The shoreline or any other structure not used in water
ski-ing - any person bathing or fishing in open bay waters or
in the open sea.
(b) Any anchored or moored vessel in open bay waters or
the open sea.

Neil, I. & Young, J. (1989), 'Safe Boating in Australia
- A handbook'. TAFE NSW. Level 14, McKell
Building, Rawson Place. Sydney.
Note
The information here is out of date. You may find it on
the internet.
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Sea Safety for Small Craft. Edited by Teki Dalton.
Transport and Communications. 1988. AGPS
Department of Transport. Queensland. 1991. Sea
Safety Brochures.
Small Ships Manual. Marine Board of Queensland.
March 1982.
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Content

Process

●

Use of lateral and cardinal systems of
buoyage

●

Common chart symbols

●

Modern navigation aids

●

Basic chart understanding

●

Demonstrate practical knowledge
of pilotage

●

Discuss international regulations for the
prevention of collisions at sea

National Powerboat Training Scheme
Topics
Compasses and their errors
Navigation techniques
Navigation equipment
Lights
ILALA system of buoyage
Navigation at night

Skills
●

Steer a compass course
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Attitudes
●

Value the usefulness of the boating rules
buoyage system
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Navigation is the art of directing a vessel at sea and can be
discussed as follows:a. Pilotage - using buoys, beacons and marks.
b. Inshore - using conspicuous landmarks and depths.
c. Offshore - using other methods such as the sun, stars, satellites,
high tech navigation equipment and/or tables or both.

Wet Paper

Piloting is the use of landmarks, aids to navigation and soundings
used to conduct a vessel safely through channels and harbours and
along the coast where depths of waters and dangers to navigation
require constant attention.

Fig 3 The pilot vessel off the starboard
bow has just transferred the pilot to the
ship and is now returning to port

If you see a large vessel coming into port you will often see a pilot
boat meet the vessel out at sea. The purpose of this boat is to
transfer a person, called a Pilot, on to the larger vessel. This pilot
has special local knowledge of the inshore waters, which enables
him to guide the vessel safely into port. A whole range of markers
have been used to mark where safe channels are. Each marker
means something and indicates to navigators on which side it
should be passed. The system of using markers in the sea is called
a buoyage system and a particular port is said to be buoyed in a
certain way.

Pilotage

Wet Paper

Pilotage is the term used to describe the means by which skippers
use a series of buoys, beacons and markers to enter and leave
ports. Buoyage is the system of marking these buoys, beacons and
markers. The beginnings of a uniform system of buoyage emerged
in 1889 when certain countries agreed to mark the port hand side
of channels with black can buoys and the starboard side with red
conical buoys.

Fig 4 A starboard mark

A

B

A

B Japan
Japan
South Korea
Philippines

Korea

Date line

International date line

A

B

A

Fig 5 The international system of buoyage
world divisions. Australia uses system A
Wet Paper
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When lights were introduced, red lights were used to mark one
side, but another colour was used for the other. One system was
used in America, the other in Europe. The various colonies each
used their adopted system and therefore confusion reigned until
1980 , when the International Association of Lighthouse
Authorities or IALA, agreed on a common code.
Figure 5 shows the world into A and B regions with Australia
being A. In this system five types of marks are used in any
combination.
• These are lateral, cardinal, isolated danger, safe water and
special.
• These are can, conical, spherical, pillar and spar.
• In the cases of pillar and spar buoys, the shape has no special
significance.
It should be realised that the system is only 30 years old and many
old marks are still in use. The cost of replacing these depends on
government finances and in many cases, old marking systems will
be around for some time yet.
Chapter 4 Navigation 89

Chart extract courtesy Hydrographer of the Navy. Reproduced with permission. Not to be
used for navigation Overlay graphics by Wet Paper
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Charts and their symbols

Fig 2 Chart and chart symbols reproduced courtesy Department of Transport.
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Direction of buoyage
In all cases this is indicated by the symbol shown below
with and arrow and two circles on either sides of that
arrow.

Wet Paper

Wet Paper

TAFE NSW

Lateral marks These indicate the port and starboard
sides of channels (when a channel divides, a modified
lateral mark may be used to indicate a preferred route).
This system uses squares and triangles to indicate the
position of deep water. Red squares indicate a port
marker and green triangles a starboard marker. On a
chart the direction is indicated by a symbol such as the one
shown to the right. You can see this on the colour chart
reproduced on Page 88 where the arrow points to the
direction of buoyage. Port stands for the left and starboard
the right. In System A when leaving port, the red markers
are to the right and the green to the left. In Buoyage
System A when entering port the Red squares are kept to
the port side (left) of the vessel.
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Cardinal marks Cardinal marks are used in conjunction with
a compass and indicate where navigable water exists in relation
to that mark. The shape of the mark indicates that deep water
lies in the indicated direction relative to the mark i.e.: north ,
south, east or west. The top of the cardinal mark has two
triangles pointed upwards indicating that deep water can be
found to the north of the mark. Cardinal marks are yellow and
black during the day and always have a white light at night. This
light flashes in a rhythm shown by the illustration below.

Cardinal marks

Isolated danger marks are positioned over dangerous local
areas. Isolated danger marks have group- flashing (2) rhythms.
and have two black balls fitted, where practical, on top of the
mark.
Safe water marks are found in places such as in the middle of
a channel . They have a single red ball on top with long red and
white stripes during the day and have a single white flash
followed by a dark period so as not to be confused with a north
cardinal mark.

N

Wet Paper
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Danger
Area
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per
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Safe water marks

TAFE NSW

S

We

Isolated danger marks
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Special marks are painted yellow and have a cross
on top. As Neil and Young (1989) put it, “the real
reason they are there is go and look at your chart or
sailing directions and find out why I’m there.” Special
marks in essence are there for special reasons that
apply to special areas and are explained accordingly.
For example special markers are used to indicate the
intersection of two channels. The crosses usually
indicate the direction where the channels meet.

Wet Paper

Wet Paper

Wet Paper

Wet Paper

Wet Paper

Advisory signs and speed limits such as Port closed,
channel blocked, overhead and submerged cables, speed
limits and prohibitions.

Fig 8 Special marks and advisory signs
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Lights
Fl (3) WRG 10s 145m 22M

Light houses are erected so that mariners at sea can continue
their voyages at night. Each light has its own characteristic flash
which is clearly marked on a chart.
Apart from assisting with position fixing, light houses let the
navigator know how far he or she is from land.
Fl (3) WRG 10 s 145m 22M
means a light that is flashing three times and each separate sector
is white, red and green in 10 seconds. The height of the light is
145 metres and the visibility is 22 nautical miles out to sea.

White

Sectored lights and transit markers show sectors of safe passage
of entry in ports. White safe and red danger. A vessel can
therefore enter a port at night by staying in the white sectors.

Green
Red

Transits
A port or harbour often contains submerged rocks and/or
sandbanks. To help boats enter anchorages or ports, two leading
lights and markers are placed so that submerged rocks can be
navigated. The skipper lines them up as shown in the figure
below. When they are lined up they are said to be in transit. If
they are not in transit they could look something like this.

Fig 9 Lighthouses and sectored lights
Wet Paper

Leading markers out
of line

Leading markers in
line

F ig 10 Leading markers
Wet Paper

Distance
The side of the chart is divided up into degrees of latitude which
is measured in degrees and minutes. 000' starts at the equator and
continues down the Australian coastline so, as you go down the
chart, your latitude increases.

Aus Gov

One nautical mile is equal to one minute of latitude
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Fig 11 Distance is measured in nautical miles on a chart from the number
of degrees of latitude
Chart extract courtesy Hydrographer of the Navy. Reproduced with permission. Not to be used for
navigation Overlay graphics by Wet Paper
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Entering and leaving port
When entering port the rules state that the
port marker is kept to the port side. When
leaving port, the port marker is kept to the
starboard side.
Figures 12 and 13 reproduced by courtesy
of the Department of Transport, illustrate
how the rules of buoyage are applied.
Jingle
When entering port the red marker is
always kept to port (or there's always some red port left in port.)

Fig 12 Entering and leaving port
TMR

Fig 13 Courtesy Queensland Transport

96 Chapter 4 Navigation

Marine Studies Copyright Wet Paper 2014

In the example below, distance 1 is one nautical mile and
distance 2 is two nautical miles. Both have been read off the
latitude scale of the chart.

Practice chart
The Practice Chart for this
book is Aus. 5169 B
Hillsborough Channel.
Available from Boat Books
109 Albert St Brisbane
4000 or your local chart
agent.

Keswick
Island

Latitude

57'

Distance 2

Distance 2

Distance 1

Distance 1

St Bees
Island

58'

59'

One nautical mile =
One minute of latitude
0

21
Longitude

Fig 14 Nautical mile measurements

AUS 5169 b

Equipment

Wet Paper

The steering compass

Wet Paper

This compass is used "to steer" the boat and is usually mounted
near the helm in a ‘free swinging’ or flush mounted position so
it can easily be read when the ship rocks. A ‘lubber line’
indicating which way the ship is heading is incorporated into
the glass and a light illuminating the card makes the compass
easy to read at night. The steering compass can be mounted
in a number of different ways to suit its location, bearing in mind
the effect of outside magnetic fields which may induce errors
into the reading.

Fig 15 Flush mounted and binnacle mounted
compasses. (Illustrations to the right courtesy
Tickles Marine, 4 Straithaird Rd., Bundall,
4217 )
Marine Studies Copyright Wet Paper 2014
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The hand bearing comp ass
Whereas the steering compass is usually a fixture near the helm;
the hand bearing compass is free and can be carried to the most
suitable spot on the boat for navigational observations.
For this reason, the hand bearing compass is usually much
smaller and lighter and incorporates some form of sighting
device, the simplest and most common being the ‘V’ sight used
on small rifles. Because it is relatively small, this type of
compass usually has a magnifying glass to enlarge the figures on
the card. Others like the one shown in Figure 17, may have a
built in prism which reflects the bearing back to the eye.

Lubber line
Eye

Compass card

Fig 16 Rifle sighted and bearing compass

Wet Paper

Wet Paper

Fig 17 Prism handbearing
compass
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Magnetic effects on the compass
All navigators need to understand how a compass guides the ship
but it is full of errors caused by the earth’s magnetism and the
steel in the ship. The map below shows the earth’s magnetic
field and explains why charts are corrected for east or west
variations.

Secular motion is where the magnetic north moves, therefore there
is a need to calculate variation for
a particular year. You will learn
about this in Chapter 6.

Fig 18 Magnetic north is now in Hudson Bay Canada.
Wet Paper

Variation
is the angle between
true and magnetic
north.

Deviation

Variation
This is the error caused by the magnetic and true poles being in
different places and is defined as the angle between True and
Magnetic North caused by the magnetic north pole moving. It
manifests itself in every compass by deflecting the needle away
from the true north until it is pointing at magnetic north.

is the angle between
magnetic and compass north

There may be a difference of up to thirty degrees or more
between these poles. This is obviously a factor which must be
taken into consideration when steering a course or taking bearings.

Error

The deflection may be to the east or the west of true north, and
varies as the boat progresses across the surface of the earth.
However, it is well plotted, and is listed on every chart so that the
navigator can be immediately aware of the variation error in his
vicinity.

is the sum of Variation
and Deviation

Once found, the error is constant for that area, and changes only
slowly as the boat progresses.

Marine Studies Copyright Wet Paper 2014

Chapter 4 Navigation 99

Deviation is the deflection of the compass needle from magnetic
north caused by magnetic influences in the boat.
Magnetic variation and compass deviation make up what is
called the ERROR.

Deviation

Fig 19 Deviation - deflection of the needle from true north
caused by magnetic influences of the boat
Wet Paper
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From chart to compass
Suppose on your practice chart you wish to go from Edgell Rock, position A in Figure 21 below to Solder
Is marked as position B. To do this we draw a very fine line. All calculations are done in a navigators log
book and only lines and fine points should be marked on a chart. Using parallel rules, the true course is found
by walking the rules from that line back to the compass rose as indicated and reading off the number of
degrees as indicated by TC = 3180 . We now correct for error with the jingle, "error east, compass least" or
"error west compass best". In our example the error is east so we subtract. If the error was west we would
add.
So the course to steer the boat from A (near Edgell rock) to B (near Solder I) is:True course (TC)
=
Error
=
Course by compass =

3180
70 E
3110

True course = 318 0
From chart to compass
Total error east compass is
least

A

lle

ra

Pa
e

ul

lr

B

Course to steer
0

True C. = 318
Error = 7

0

E
0

= 311

A

Fig 21 Plotting a course to steer from Aus. 5169 B Hillsborough Channel
Chart extract courtesy Hydrographer of the Navy. Reproduced with permission. Not to be used for navigation
Overlay graphics by Wet Paper
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From compass to chart

From compass to chart

Skiddaw Peak

To apply error to a compass
course to get a true course apply
the CADET jingle. "Compass to
true easterly add"
"C" meaning compass
"AD" meaning add.
"E" meaning eastly
"T" meaning true

Magnetic Bearing

To find your position on a chart you need to take
compass bearings. Aim the compass at a conspicuous
landmark, in the example below it is Skiddaw Peak and
read off the magnetic bearing. This now has to be
corrected for variation and the CADET jingle is applied.
Compass to true, easterly add. (If the variation was
west, it would be subtracted)
To Skiddaw Peak
Magnetic bearing =
1500M
Variation
=
90 E
=
1590 T
To Solder I
Magnetic bearing =
2800M
Variation
=
90 E
=
2890 T

0

14

Variation

150 1

60

Your position is the intersection of these two lines

0

159

0

Variation = 9 E+

T

0

To Solder I = 280 M

289 0
T

289 0T

0

To Skiddow Peak = 150 M
0

Variation = 9 E+
159 0T
Fig 22 Plotting a position from two compass bearings from Aus. 5169 B Hillsborough Channel
Chart extract courtesy Hydrographer of the Navy. Reproduced with permission. Not to be used for navigation
Overlay graphics by Wet Paper
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Using depth soundings to assist navigating
The modern depth sounder is an electronic version of the same
thing which uses the sonic principle of bouncing a ‘pulse’ off the
bottom. A transducer fitted to the bottom of the boat transmits
an electronic pulse which bounces off the sea bed and is picked
up by a small receiver, also in the bottom of the boat. By
measuring the time from transmission to receiving, the sounder
records the depth of water under the keel. By recording the
depths at each location on your map, you will be able to construct
your chart. This type of chart is called a bathymetric chart or
a chart of depths.
Fig 23 Modern LCD echo sounder
(Courtesy GME)

Fig 24 Principle of echo sounding
(Courtesy GME)

Fig 25 Using depth and a
bearing to determine
position. While passing the
9 fathom line, a bearing on
Skiddaw Peak was found
to be 40 degrees magnetic.
Adding the variation of 9
degrees east gave the
position shown.

Magnetic
bearing on
Skiddaw peak
is 40 degrees
Ship's
track
Sounding on
9 fathom line

Chart datum

Chart extract courtesy Hydrographer of
the Navy. Reproduced with permission.
Not to be used for navigation
Overlay graphics by Wet Paper

9 fathoms

Charted depth (from chart)

Sea floor
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Using reciprocal courses
In many cases a boat skipper will return along a similar course. In this case
the calculation of a reciprocal course is useful. North has a bearing of 00 so its
reciprocal will be 1800. And the reciprocal of west or 2700 will be 900. To find
the reciprocal of a course you can follow these two simple rules:
• If the course is less than 1800, add 1800
• If the course is greater than 1800 subtract 1800
So a course of 350 (+1800) has a reciprocal of 2150 and so on.
o

0

o

35
Outward
course

270

o

90

o

o

215
Return
course

Church

180

o

Fig 26 Reciprocal courses (After Neil and Young 1989)
Wet Paper

Using transits - no compass

Headland

The transit can be used as a simple method of
inshore navigation and does not need the use of a
compass or any other navigation equipment except
a chart.
Boat's
position

Chimney

Water
tower

Trans
it

line

N

The method relies on lining up known chart features
to calculate your position.
In the example below, a boat is moving along a
transit line towards a church and a headland. The
church is a conspicuous chart feature as are a water
tower and a chimney. When the water tower and
the chimney are in line with the headland and the
church, the boats position can be determined.

Fig 27 Using transits with no compass
Wet Paper
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Using transits - with handbearing compass
The boat is travelling a compass course of 350 and you are
approaching where the water tower and the chimney are in
transit. Your position is determined by the compass bearing of
850 as shown below.

Church

Headland

Transit line

aring 85

o

Compass be

Chimney

Water
tower

Boat's
position

o

0

35

270

o

N

o

90

180

o

o

Fig 28 Using a transit line with a compass
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Revision questions/activities
Q1- 14 Courtesy Small Ships Manual Transport Department
1. In what direction does the magnetic compass point?
2. What is the lubber line?
3. What is meant by the "compass bearing" of an object?
4. What is meant by the term Variation?
5. What is meant by the term Deviation?
6. What is meant by the term Error?
7. What is the cause of variation?
8. What is the variation for your area of coast?
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9. What causes deviation in a compass?
10. Name the jingles commonly used as a guide for applying error to a compass course in order to get a true course or
the true course in order to get the compass course.
11. Draw a figure illustrating "compass course", "magnetic course" and "true course" designating angles by name.
12. What is a deviation table used for?
13. To what levels are soundings taken on a chart?
14. What is a leading line and how is it shown on a chart?
15. What is the difference between the lateral and cardinal systems of buoyage?
16. Make coloured drawings of the following marks:- North, South, East, West Cardinal Marks.
17. What are the abbreviations for the colours;- red, yellow, blue, green on lighted beacons?
18. What abbreviations are used for the following;- occulating, flashing, quick flashing, group flashing?
19. List all the lateral marks found on page 89.
20. What is the difference between an isolated danger mark
and a safe water mark? Draw diagrams to illustrate your
answer.
21. Draw diagrams of the following chart symbols from pages
88 and 89:- anchorage, boat harbour, public boat ramp,
public jetty, fuel available, telephone available, trawling
limits, convenience store, wreck, sunken wreck, submerged
hazard, pile, water skiing, no skiing, lighthouse, limit of ski
areas, overhead cable, submerged cable, overhead pipeline, submarine pipeline, contours, ferry route, suggested
courses.

1
2

+
+ +
+

3

+

4

+
+ +
+

Shoal

14

Pilot

7

5

+ +
+

6

22. Draw the symbols for the front and back leads of a channel.

8

23. Define the terms buoyage.

9
Channel

24. What does the term IALA stand for?

26. What does the abbreviation LH. Fl. 10s. 25m 50 M mean?

10

27. What are sectored lights and what does the red and white
sector denote in each?
29. What are the rules for entering and leaving port?

11

N

Wh

13

arf

25. Draw the symbol for the direction of buoyage.

30. What is a transit line?
31. What is a reciprocal course?

12

32. How can a depth sounder be used for transit navigation??
33. Make a copy of the chart opposite and label the marks
numbered 1-13.
Fig 29 After Hall (1991)
Wet Paper
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Chapter 5
Small craft handling

Photo Bob Moffatt
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Content

Process

major components of the outboard
motor

●

important controls of a powerboat

●
●

areas designated for boating and skiing in their local area

●

launching procedures

●

safety equipment as prescribed by
current government regulations

●

apply the boating rules as set out by
current government regulations

●

apply the use of navigation systems to
prevent collisions at sea

National Powerboat Training Scheme
Topics
Factors affecting handling
Passage planning
Launching and recovery
Basic manoeuvring and handling
Man Overboard
Anchoring and mooring
Safety
Accepting a tow
Emergencies
Coastal Waters
Skills
●

plane a boat

●

make a figure of eight at speed while
crossing wash

●

recover an object from the water

●

moor at a jetty

●

demonstrate the difference between 4
and 6 knots

●

demonstrate the boating rules as set
out by current government regulations
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Attitudes
●

realise the importance of obeying the
boating rules both inside and outside the
classroom

●

demonstrate a caring use of local waterways by not creating excess wash or
littering the foreshore

●

demonstrate a tolerance of others by
being patient at boat ramps and helping
each other load and unload boats and
equipment

●

demonstrate a willingness to help clean
up and maintain equipment

●

develop a respect for the sea, an awareness of the need for safety of the sea and
a co-operative approach to other students
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Factors affecting handling
The handling of a boat depends on a multiplicity of factors some
of which are:• Power unit, drive, propeller type and number
• Hull design and superstructure
• Conditions of loading
• Weather, tide, current, waves and swell

Fig 1 Waves and swell can affect a boat's handling (Illustration courtesy
Qld Transport)

Hull design and superstructure
(Revise pages 15-21 for hull details and more photographs)
Four types of craft identified in Chapter 1 were V - shaped,
inflatables, semi rigged inflatables and cathedral hulls.

Wet Paper

V-shaped hulls come in two varieties - shallow and deep-V.
They require a trailer, are fairly stable and have good directional
stability. The ride is soft with the deep V giving the best ride.
They have good directional stability with the principle that the
deeper the V the greater the directional stability.

Fig 2 V - shaped hull
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Inflatables are very portable, have high stability, colossal
buoyancy and a high load capacity. However they are affected
by wind, you get a rough ride at high speed and have a very low
directional stability. One good point is that they make a soft
contact with other boats and are easy to get into and so make
ideal rescue and skindiving or diving boats.
Chapter 5 Small craft handling 109

Being rubber they have a fairly short life but are repaired easily.
Semi-rigged inflatables have a V-hull with inflatable topsides.
They combine the good points of V-shaped hulls and inflatables
but still have a short life and require a trailer.
Cathedral hulls are very stable and have good directional
stability. They must have built in buoyancy and in smaller
versions can cause a rough ride at speed.

Wet Paper
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Power unit, drive, propeller type and number

Fig 3 Inflatables - very stable but difficult to
turn (Top) and semi-rigged inflatable (bottom)
- very stable and reasonably easy to turn.

Engines have been discussed in detail in Chapter 2, however the
Australian Yachting Federation (1990) has identified the
following points which should be noted when it comes to
installing an outboard engine prior to use.
• "Security. As discussed ........ the engine should be mounted
centrally and screw clamps hand tight so that pressure only is
required to adjust them. After 10-15 minutes of running they
should be checked and after use, the threads greased in order
to prevent corrosion.
• Position of the propeller. Normally an outboard is installed
so that the cavitation plate on the leg is level with the bottom
of the transom. On a light boat with a portable motor, it can
be adjusted by using blocks of wood as spacers on top of the
transom.
• Type of propeller. Most engines are supplied with a general
purpose propeller. Once the engine is run in and you want to
use the boat for a specific purpose, a special propeller may be
more suitable. It is not a bad idea also to carry a spare
propeller.
• Steering installation. Engines over 25 hp, are easier to control
if remote steering is used, but provision should be made for
tiller steering in case the remote one fails.
• Remote control. This refers to the controls of throttle, gear
shift and trim and tilt. These have to be adjusted with
changing conditions and when first learning, one suggestion
is to take it easy until you get the feel for these controls."

Wet Paper

Conditions of loading

Fig 4 Cathedral hull - very stable and easy to
turn
Note
There is some repetition of topics
in this Chapter to conform with
the AYF National Powerboat training scheme syllabus
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A boat will only handle as well as it is loaded. A small dingy or
speedboat will not get on the plane if all the weight is at the stern.
The skipper should position the crew to get maximum
performance from the boat and motor.
Launching and recovery
Boats can be launched and recovered in a variety of ways and the
type of hull will largely determine the ease and method of
operation. This topic is discussed in detail on Pages 47-50 and
Page 55.
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Boarding and disembarking a small V-shaped dinghy
Always face the stern when you get into this type of boat and
step into the middle so that the centre of gravity is as low as
possible. Take hold of the gunnels to steady yourself. If you
move from side to side the centre of gravity changes and the boat
will move accordingly. If you have a passenger, any sideway
movement will move the boat also, so the weight of a boat should
be distributed equally. Before you get in however, make sure
you :• Can swim with a life jacket.
• Can throw a rope 3 metres.
• Can tie a clove hitch.
• Can balance yourself in a boat.
• Have clean feet or shoes.
Safety

Wet Paper

Often the shore is littered
with broken glass, sharp
rocks and debris. Make
sure you are extremely
careful, or better still wear
protective foot wear appropriate to the shore line
situation

Fig 5 Getting into a small, V-shaped hull dinghy

Safety
Make sure you are balanced as well as your
crew.

Leaving or casting off - for rowing
This is most easily achieved by taking off your footwear and
giving a good push off, starting off slowly and looking all around
for other boats.
Rowing

Safety
Take notice of wind and
current to predict where
you will end up and how
difficult it will be to row.
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When rowing, sit comfortably in the middle of the boat and face
the stern. Grasp the oars and push forward so that the oar blade
moves towards the bow of the boat. Don’t go too far and dip
the blade in the water. Pull back until the oar blade just passes
you and then manoeuvre the blade out of the water so as to repeat
the cycle.
• Don’t try to row too fast.
• Pull on the oars with equal strength.
• You don’t have to dip the oars in too deep, they just have to
dip under the water so the blades are covered.
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Safety
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If your oar breaks loose in a hard
stroke you may be thrown off balance.
This can result in you falling backwards and injuring your head.

• Line up a point that you are rowing from and keep it in line in
order to row straight.
• If the boat has an observer, seat this person in front of you
so they can see where you are going.
• If the boat is fitted with a motor make sure it is in the up
position.

Fig 6 Rowing

Turning
The oars also control the direction in which the boat travels. If
you want to go to port, then pull on the oar that is in your left
hand, while moving the oar in your right hand in the opposite
direction. Line up a point on the horizon and row away from it.

Fig 7 Turning - the boat can be turned with either oar

Fig 8

Rowing principles

Wet Paper

Safety
Warn crew not to get up until boat
stops and to wear shoes or check
out the beach for broken glass or
sharp rocks when disembarking.
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Returning to shore - rowing
Select your landing site and row towards it. Look around to
check condition of beach and warn crew not to get up until the
boat has stopped. As the hull touches bottom, raise the oars and
stow inside the deck area. Ask crew to disembark warning them
of sharp objects in the water, slippery surfaces and the rocking
of the boat, which may be caused by waves or wash from passing
craft. Pull the dinghy well up the beach.
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Backing and launching the boat trailer*
* Loading boat and trailer. See also Page 24 Chapter 1
In backing a trailer everything is in reverse. Turn the car one way
and the boat trailer will go the other. Also check how the boat
is mounted on the trailer. The keel should touch the rubber
rollers. If you have your licence you can learn how to back a
trailer. This requires time and skill. It’s best to practise in an
empty shopping centre carpark. Align the car and boat straight
with ramp and use small steering wheel movements so that the
car and boat trailer go straight back.

Fig 9 Single boat situation

Incorrect

Correct

Wet Paper and Mariner Outboards

Multiple boat situation
In many training institutions, a number of boats are arranged on
to a single trailer . The top boat will usually be more difficult to
unload than those lower down and indeed there will be as many
different methods as there are trailer rigs. It is important for the
group to decide how best to unload the rig and some suggestions
are given opposite.

Wet Paper

Discuss the following points with your
instructor:● How to spring tie the boat to the
trailer.
● Correct mounting of motors.
● How life jackets are to be packed.
● How petrol tanks are to be carried.
● How to carry motors.
● Where to put gear when the trailer is
unloaded.
● Fitting of life jackets (PFD'S).
● How to balance the trailer and towing
vehicle.
● How to check indicator lights, safety
chain and trailer connections.
● First aid kit, and emergency communications back to school. Nearest
phone/radio.
● What knots are to be tied when and
where.
● How to talk to each other for safety.

Fig 10 Multiple boat rig situation
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Caution
When launching from a trailer, if the
ramp is steep, the boat may enter
the water rapidly. This may force
water up the drive shaft housing
through the exhaust chamber and
damage the motor. The boat should
be launched as slowly as possible.

Safety
In trailers with hand winches, the
boat may move off the trailer quickly
causing the winch handle to spin
quickly. Always keep complete control of the boat as it enters the water.
Safety
Each trailer will have its own mechanism for launching and you should
discus with the dealer or vendor the
operating procedure. Some trailers
have tilt mechanisms, some have
power winches, others have cables.

Ramp etiquette
Etiquette is the consideration of others. There are many things
that make for a pleasant day's boating and many of these start at
the boat ramp such as:• When launching make sure the bungs are in.
• There is a rope attached to the boat so it doesn’t float away
when launched.
• Make sure you don’t slip on the ramp.
• Be quick and efficient so others can get underway as soon as
possible.
• Make sure everything you want is in the boat before you
launch it.
• Make sure you wear protective footwear because many ramps
have broken glass or sharp stones or oysters.
• Check the brakes and have a block to secure the towing
vehicle when on the ramp.
• Have someone to assist you when the boat is in the water and
you have to park the car.
• Make sure the trailer tail lights are disconnected before you
back the trailer into the water.
Use and care of winches
Beware that a dangerous situation does not occur when the boat
is being winched. A lot of weight is controlled by a thin piece
of wire which has to be maintained in good condition. The
following are suggestions for safe practice.
• Keep the winch cable and components greased.
• Make sure the boat is moving up and down the trailer on the
rollers and guides.
• Don't let the boat move too fast down the trailer.
• If the boat is heavy, get someone to help you.
• Avoid leaving the winch cable connected as the boat is
launched.
• Make sure you have a rope attached to the boat as it is
launched.
• Unwind the winch cable so that it is ready when you return .
Securing boat to trailer for towing

Fig 11 A useful knot for securing a boat to a
trailer as photographed by Jeff Jensen
(Innisfail SHS)
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Here are some suggestions for a safe trip home:• Make sure the motor is secured behind the boat. A metal rod
between the leg and the trailer can be made or purchased if
you are travelling over bumpy roads home. This stops the
motor breaking off from the transom.
• Tie the boat down securely. A truckies hitch is often used for
this purpose a variation of which is shown in figure opposite.
• Have some one check the tail lights and check the safety chain
on the trailer.
• Make sure the boat sits on all the trailer supports and that gear
in the boat will not fall out.
Marine Studies Copyright Wet Paper 2014

Basic manoeuvring and handling
Engine starting procedures
These have been discussed in Chapter 2 however you should
never start an outboard engine with anyone in the water. The
figure below is a suggestion. The boat is on a sandy shore away
from the hustle and bustle of the dock side, on a quiet day with
no wind or current. Let out the painter tied to the bow of the boat
and have the operator start the motor as discussed in Chapter 2.

Safety
If there are crew in the boat when you are
pull starting the motor, make sure you
don't elbow them in the jaw while starting.
If you are holding the boat, make sure
you have protective foot wear.
*

the bungs are in.

*

the motor is secure and correctly
mounted.

*

the fuel lines are correctly fitted.

*

your PFD is on.

*

you can swim with your PFD.

*

you can tie the basic knots from
Chapter 1.

*

you know which way the tide and
current are running?

*

all the safety gear is on board.

*

there is enough fuel.

*

you have your emergency procedures memorised.

*

you know clearly what your instructor wants you to do.
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Final check, make sure:-

Fig 12 The safest way to start an outboard engine is with the operator in
the boat. When the motor has been warmed up and checked according
to the manufacturers specifications, the crew board, and the boat is either
cast off or unberthed.

When the motor is warmed up according to the manufactures
instructions, the crew pull the boat back gently and push off
while hopping in. It is not recommended that you learn how to
use a boat in a busy area.
Apart from all the expensive other boats you could hit and people
you could upset, you will be able to make your mistakes in the
confines of a safe environment. The manoeuvres that follow will
take many hours to master and it is suggested that you continue
to practise in a confined area until all slow water skills are learnt.
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Some principles of close-quarters boat handling
The Australian Maritime Safety Authority, PO Box 1108, Belconnen, 2616, in their article SEA 19 'Basic
Close-quarters boat handling under power', identify the following important points.
"To get the best results when manoeuvring.. the fundamental action of the propeller must be understood and remembered,
so that the reactions required when manoeuvring become automatic." "In the view shown below, looking at the craft from
astern, the propeller rotates clockwise to propel the craft ahead; that is, the propeller is said to be right handed" "When the
propeller is driving ahead, large volumes of water are accelerated astern, which push the vessel ahead. But, in addition,
due to the difference of the water pressures experienced by the top and bottom blades of the propeller, the blades at the
bottom are more effective, and a small but not insignificant side thrust is generated. Hence the propeller reaction on the
stern of the vessel is to starboard, and hence the vessel's head then turns to port. In other words, the blades tend to 'walk'
the stern to starboard."

Fig 13 The action of the propeller (After AMSA Sea Safety Article 19 - Reproduced with permission)
"When going ahead, this reaction is compensated automatically by giving the helm the required spoke to starboard. But,
when the propeller is rotated astern, the opposite effects take place. The propeller, besides driving astern, 'walks' the stern
to port, and the bow goes to starboard. In this case, the rudder is ineffective in counteracting this side thrust. The rudder
may have some effect when the vessel has gathered way astern, but by this time the stern of the craft will have swung some
distance to port." "This transverse 'walking' of the stern by the lower blades of the propeller, when driving astern, has a
governing effect on the way in which various manoeuvres can be carried out. Before handling a boat under power, it is
essential to find out which direction the propeller rotates when driving astern."
"It is noted that the transverse effect generated is the same with the right handed propeller driven astern through a reversing
gearbox, as with a left handed propeller which has controllable pitch operation for going astern, as both propellers are then
rotating anti-clockwise when driving astern."
The following description is one of a craft with a single screw with a right-handed propeller driven through a reversing
gearbox.
Turning through 1800 in a narrow channel- When carrying out this manoeuvre, the turn should always be made from
the side of the channel on the crafts port hand.
Coming alongside a pontoon or jetty- "Unless there are very pressing reasons of wind, tide or berthing space available,
our craft should always be berthed port side to. The berth should be approached with just sufficient speed to ensure
positive steering and at an angle of 20 to 30 degrees to the berth, the bow heading for the far end of the berth.

Fig 14 Making a turn
in a narrow channel
(left) and coming
alongside a pontoon
or jetty (right). (After
Sea Safety Article
AMSA19
Reproduced with
permission)
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When the bow has nearly reached the required position, the forward way
should be checked with a firm burst of astern power. This will swing the stern
in towards the berth and bring the craft alongside." It is difficult if not dangerous
to try to berth on the weather side of a jetty or pontoon if the wind is strong.
Under these conditions it is most desirable to seek a berth on the lee side.
Equally difficult is to seek a berth in a strong tidal stream."

Fig 15 Leaving a berth
alongside a pontoon
"Watch that stern - remember
that the rudder swings the
stern of the craft."
(After Sea Safety P 43 Commonwealth of Australia
Copyright - Reproduced with
Permission)
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Getting underway

Safety
For the first lesson all operations should be done at very
slow speeds.

For small dinghies with small outboards here are some suggestions:• Make sure you are in the boat when you start the motor.
• Make sure you have an experienced driver with you to hold the boat
steady at the shore while you start the motor.
• Lower the motor and check that it is securely mounted as discussed
in Chapter 2.
• Start the motor as described in Chapter 2. Check to see if water is
coming out of the tell tail and that the motor idles.
• When the motor is warmed up ask your crew to board and engage the
motor in reverse when the motor is idling.

Caution

Wet Paper

If you change gears when
the motor is at high revs, the
chance of damage to the
gearbox is great. You may
also break the sheer pin in
small motors.

Fig 16 Close quarters practice Practice some of the close quarters skills listed
on Pages 116 and 117 so that you can see the effect of the propeller.

Reversing

Wet Paper

Now practice your slow water skills. Point the motor in the direction you
wish to go and it will go there. Reverse up to a buoy and around it. Make
sure that you don't reverse too quickly as this will create rough water that
will splash into the boat over the transom.

Fig 17 Reversing
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Forward
Seating
For slow water skills it may be
more comfortable to sit astride
the seat.
When travelling on the plane, sit
with both legs in front of the seat.
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Have crew also properly accommodated for maximum stability.

Now engage forward gear. Sit in a comfortable position with
one hand firmly on the throttle and another on the gunwale.
Make sure you engage your brain before the throttle or gear/
throttle tiller. Think to yourself, “if I turn it down, then it will
accelerate. Now if I turn it up, it will decelerate". Do this a few
times to convince yourself that you are doing the right thing.
Practice increasing and decreasing revs so that you “get the feel
“ of the motor. Practice steering to port and to starboard so that
you get the feel of the motor acting as a rudder applying the
principles as discussed in the section on close-quarters boat
handling on Pages 116 - 117.

Fig 18 Forward

Apply the boating rules
Safety
Some suggested safety points when
learning
★ Don’t go too fast..
★ Look around you all the time.
★ Keep to the right of channels.
★ Get the feel of the throttle.
★ Always have an observer.
★ Tell your crew what you are doing
or intend doing.
★ If the boat is over 5hp you must
have a licensed driver beside you.

Now apply what you have learnt in Chapter 3 and 4. Make sure
you know immediately:• Which side of the channel to drive the boat.
• If another boat is approaching you head on, which way to
move.
• The right of way rule and the system of buoyage for the area.
Are you entering or leaving port.
It is suggested that for the first 15 minutes, just be content with
becoming confident. Its best to stay close to shore and a good
idea to learn to tell the difference between 4 and 6 knots. To do
this look at your wake. When the waves just start to break, that's
when you are doing six knots.

★ Never exceed the limit of your
confidence The sailing boat under power in this photo has right
of way. You should slow down
and pass astern.

When you have mastered the basics it’s time to learn the skills
necessary to get your boat licence. You will need a minimum of
two hours to get these skills. It must be stressed that even though
you are capable of demonstrating these skills, many years
practice is needed before you can safely say you can drive a boat
properly in a variety of sea conditions.
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Planing your boat
This is an important part of boating because it makes best use of
your hull design. Accelerate the boat so that the bow rises and
then falls as you gather speed thus trimming the boat on an even
keel.

Safety
Always warn crew of what
you are doing.

Wet Paper

Always keep a good look
out for objects ahead of
you or other boats or different wave types.

Some suggestions to make your boat plane properly:
• If you are in a small boat you may have to lean forward to get
the boat to plane.
• Don’t plane the boat in rough weather or sea and be careful of
wind.
• You don’t have to go flat out to plane a boat. All you have to
do is accelerate enough to get the bow of the boat to rise and
then fall onto its keel.
• Always have a firm grip of the gunwale and throttle.
• Use your brain to control your hand movements and think
about what you are doing.
• Be prepared to adjust speed to sea conditions
• If you see a wave coming, slow down and ease the boat
through the wash as described in Figure 20 for crossing a
wash.
• Make sure everyone and everything are secure before you
start planing. Get the seating right so that the boat is balanced
and planes properly. Distribute the load evenly.
• Cut back on the throttle as the boat planes to economise on
fuel.

Fig 19 Planing
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Crossing the wash of another boat
There is an art to this. A small wash will be easily crossed straight ahead
but hang on, and keep an eye on your passengers. A larger wash
demands some skill.
• Slow down to a speed that you can safely
accelerate and decelerate.
e crest
Wav
• Approach the wash at an angle so that the
trough
Wave
hull of the boat just rocks through it. For a
bigger wash accelerate and decelerate so
that you go up and over the waves in the
wash.

Return to planing

Accelerate or decelerate to cross
wash keeping bow up

Slow down to raise
bow

Estimate size of
wash and warn
crew

Fig 20 Crossing the wash
Wet Paper

Making U or S turns
Practice making a U or S turn while on the plane. Make sure
you warn crew of your intentions, look over your shoulder to
see if it is safe to turn and cast a careful eye out for obstructions.
Here are some suggestions to help you in the manoeuvre:Safety
Always warn crew of what
you are doing.
Always look over your
shoulder to check if it safe
to turn

Decelerate and accelerate in the turn to:• Keep the boat on the plane.
• Decelerate and or accelerate in the turn so the chine of the
boat does not slip out. (Fishtailing)
• Don’t slow down too much or the boat will come off the
plane.

Accelerate or decelerate
so the chine continues to
"grip" and the stern does
not feel like it is slipping.

Decelerate in the start of
the turn so you get the feel
of the chine of the boat
"gripping" the water

Warn crew and
look over your
shoulder

Fig 21 U or S turns
Wet Paper
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Continue
on
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Figure of eight
Safety. Make sure crew knows what you are doing, look over
your shoulder each time you turn and check for waves and
submerged objects in the turning path.

HEAD ON

This is performed on the plane. Make sure you have plenty of
space, that there are no other boats in the vicinity and you have
good control of the throttle.
• Warn crew of what you are about to do.
• Look all around to see you have space to safely make the
manoeuvre safely and make a wide arc U turn.
• Keep the boat on the plane in a wide arc and on an even keel.
• Cross the wash and hang on tightly.
• Keep the boat on the plane.
• Look over your shoulder again and make another U turn.

Trim bow up a little

Position crew
towards stern to
reduce green
water coming
over bow

Reduce speed

The emergency stop
This is the means by which a boat is stopped in less than its length
due to an emergency. The sudden sighting of a log, or something
falling from the boat, may cause you to want to stop suddenly.

BEAM ON

Steer a weaving
course taking each
wave at an angle.
Avoid steep faces
and waves about to
break.

Warn
crew

To effect this, drop the
throttle to zero while
pushing the tiller in the
safest direction. The
boat will stop broadside
with the stern wash
passing the transom
and the motor is then
put into neutral.

Check with
crew

STERN ON

If vessel starts to
surf down the
wave reduce
throttle and allow
wave to pass

Push tiller
away and
decelerate
to zero

Log

Trim bow up a little

Use power
to help with
steerage

Fig 22 Emergency stop
Wet Paper

Fig 23 Some rough weather
handling hints (After Hall 1991)
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Rough weather handling
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If ploughing into a
trough apply throttle
to avoid the
following wave
broaching you

This is very similar to crossing a wash. A planing boat does not
handle well in rough weather and is in danger of swamping. If
caught in rough weather in a small dinghy head for the nearest
lee shore, beach the boat and wait for better weather. If this is
not possible you will have to handle each wave as if you were
crossing a large wake keeping the bow up at all times.
Marine Studies Copyright Wet Paper 2014

Revision questions
1. List four factors that affect boat handling and
explain some advantages and disadvantages of
each.
2. How should the skipper position crew for maximum stability.

17. By making a copy of Figure 23 b, mark in the direction in
which the bow will swing and the stern will move.
18. How should a boat carry out a turn in a narrow channel?
19. How should a boat come alongside a pontoon or jetty?
The diagrams below show six ways a boat can leave a berth?

3. What safety precautions should you take when
boarding a small outboard dinghy?
4. You are going to row a boat for the first time.
What safety precautions should you take?
5. What are five simple steps involved in rowing a
boat?
6. How can a small dinghy be turned using a pair
of oars?
7. You are returning to shore having completed a
rowing exercise. As skipper, what safety precautions would you take with your crew?
8. How should a trailer not be backed down a boat
ramp?
9. What should a boat sit on when loaded on a
trailer?
10. Why is ramp etiquette important?
11. You have just arrived at the boat ramp and are
waiting to launch your boat. What should you
check before launching?
12. What accidents could happen with boat winches
and how could they be avoided?
13. How should a boat be secured on a trailer?
14. You are about to start your engine as shown in
Figure 12.
(a) What safety precautions would you take?
(b) What steps need to be taken to get the motor
started?
15. What is close quarters handling and why is it
important?
16. Copy the diagrams below into your note book
and draw arrows to indicate in which direction
the bow will move if the propeller is spinning
clockwise.
Forward

Fig 24 Unberthing situations
Wet Paper

20. Make a copy and for each case, draw position 2 as the
boat leaves the berth.
21. As skipper you are about to get underway in a small
dinghy with the motor started. What safety precautions
will you take?
22. How should a small outboard motor be reversed? What
should be avoided in reversing?
23. As skipper, what would you look for when planing a boat?
24. You are approaching a small wash from another boat,
how should you cross it?

Fig 23 a.

25. A large boat has just passed you and you can see five
large waves about to overtake you. You are in a small
dinghy. How would you deal with this?
Reverse

26. As skipper of a small dinghy, how would you make an S
or U turn and what safety precautions would you take?
27. As skipper of a small dinghy, how would you make figure
of eight and what safety precautions would you take?
28. How do you make an emergency stop and what safety
precautions would you take?

Fig 23 b.
Wet Paper
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Man overboard

Wet Paper

This is a drill where a life jacket is thrown out of the boat at
speed and you are asked to recover it. Many testing officers
have their own variation and it may be wise to check with them
first.

Wet Paper

Fig 25 Man overboard. Make a wide turn
giving plenty of approach distance

Fig 26 Approach into wind or current

Neil and Young (1989) have adopted the following.
"1. Swing the stern of the boat away from the person in the
water and slow the boat.
2. Tell someone to watch the person all the time until rescue
is complete.
3. If conditions are such that you cannot immediately turn the
boat around , get a lifebuoy or jacket or something buoyant
into the water to use as a marker. This will increase your
chances of returning to the right place quickly.
4. Turn the boat around as quickly as you can with safety and
head back towards the person.
5. When near the person, bring the boat up into the wind (or
into the current if it is stronger than the wind).
6. If you have a quoit and line, heave it to the person and haul
alongside. If no line is available, drive the boat close to the
person but not so close as to strike the victim. It is better for
a person to swim a few metres than damage the boat.
7. Stop engines.
8. If the boat is a small dinghy, retrieve the person over the
stern, so as to avoid capsizing the boat. Care should be
taken not to cut the victim on the prop. For other boats
retrieve the person at the side of the boat. If there is
difficulty getting the person on board. Rig a rope (the
anchor line will do if nothing else is available) by tying it
onto the boat at bow or stern and allowing the bight to fall
into the water where it can be used as a step to assist
recovery." Safe Boating in Australia, Page 96.

d
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in
W
Bring the boat
up into the
wind

Fig 27 In neutral, motors stopped, recover
patient
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Anchoring
There comes a time in shallow water when you have to anchor
your boat. Just throwing the pick over the side is not good
enough because an understanding of anchoring enables the
skipper to stay safely in one place and then get the anchor up
when leaving.
The Williamson turn

Warn crew and
look over your
shoulder

Fig 28 The Williamson turn gets you back to
where you started
Wet Paper

Fig 29 Anchor types and how an anchor works (from Sea Safety Department of Transport Canberra)

The fluke is the pointy part which makes contact with and
penetrates into the ocean bed. It is attached to an arm which then
connects to the crown at the bottom of the anchor. The crown
is connected to the shackle by means of the shank. At the top
of the shank is the stock. An anchor chain is connected to the ring
which helps weigh down the anchor.

Rope
Shackle

Shackle

Fluke
Chain

Shank

Fig 30 Parts of an anchor system
Wet Paper
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Anchors vary in design and performance as well as in size. The
holding power of a modern anchor is strictly dependent upon its
design, and is proportional to the area of the flukes and the depth
to which they are buried in the bottom. The weight of the anchor
is only one factor. All anchors, rigid or pivoted, rely on the
principle of the ploughshare. A flat or curved piece of metal (the
fluke) catches obliquely in the bottom.
Technique
Neil and Young (1989) identify the
importance of scope as follows:
"Scope means the ratio of the length
of the anchor line let out to the depth
of water in the place you are anchoring. It must be at least 3 to 1, and in
exposed conditions or heavy weather
it should be increased to 5 to 1 or
even greater. For example, if you
have 5 metres of water under your
boat, you should have at least 15
metres of anchor line out. In an
exposed area that should increase
to 25 metres of line played out. The
reason why scope is important is that
the more line there is out between
the boat and the anchor, the flatter
the pull is on the anchor, allowing it to
remain firmly dug into the bottom"
Safe Boating in Australia, Page 51.
Types of anchors

"The essential parts in anchoring technique are to ensure that a
scope of five to eight times the depth of water is allowed and that
the anchor is initially firmly embedded using astern engine or
drift. The bitter end of the warp, the end retained on the craft,
should always be secured. Attention should be paid to the
prevention of chafe to the warp at the deck lead.
Anchor shackles and pins should be tied with wire or otherwise
secured to prevent them from coming undone with the motion of
riding at anchor. Synthetic warps should be stowed out of direct
sunlight when not in use.
A coral or rock hook joined to a buoyant warp by two or three
metres of wire is often preferred by fishermen for reasons of
weight and economy. These light anchors are usually fabricated
from two lengths of steel rod doubled over and pushed into a
length of galvanised waterpipe. The projection ends are then
bent back to form the anchor. These anchors can then be pulled
or manoeuvred free if they become snagged and are easily bent
back into shape for reuse. It should be remembered that anchors
and ground tackle should be stowed and lashed securely when
not in use." Pages 17-19,

Wet Paper

The table on Page 77 identifies
anchors and the types of chain that
has to be carried.

Teki Dalton, editor of Sea Safety (1988) recommends the
following essential points in anchoring technique. Note the
scope is the ratio of the length of the line to the depth of the water.

Fig 31 Anchoring equipment can be stowed in plastic buckets.
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A beach landing
This is a skill requiring considerable practice in which you
judge your speed so that you can disengage the gears, turn off
the engine and pull it up just as you glide into the beach.
The only way is to practise and you have to take into account
factors such as tide and wind as well as the type of material
that the beach comprises.

Wet Paper

Here are some suggestions assuming you are now operating
the craft by yourself:• Never disembark until it has stopped.
• Never jump out of a boat while it is in motion.
• Always turn your motor off before you pull it from the
water.
• Sight where you want to make landfall.
• Remember that your boat does not have brakes.
• Remember that the propeller will hit the bottom if you
don’t pull the motor up.
• Come in very slowly. About 10m from shore switch off the
motor if you are motoring and the boat will tend to move
under its own momentum towards land.
• Now quickly pull the motor up - you will hear a click.
• When the boat has completely stopped, disembark.

Fig 32 The beach landing with no wind or current.
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Mooring to a buoy

Wet Paper

This may be necessary if no berth is available or you are in a reef
situation, where Marine Parks require that no boat be anchored
to avoid anchor damage. In some testing situations, this is a
compulsory element so here are some hints:• Approach the buoy in the forward gear, slowly into the wind
or current.
• When almost a metre from the buoy, engage reverse so that
you stop the boat.
• Ask you crew to pick up the buoy or if you are by yourself,
disengage gears and move to the bow and pick up the buoy.

Fig 33 Mooring to a buoy

Safety
As part of the AYF test you will need to demonstrate an
awareness of and an understanding of, the possibility of likely
hazards arising from personnel, property and equipment in
various situations; including the provision, use and care of
emergency equipment, pyrotechnics, fire extinguisher and radio.
All of these have been discussed in previous chapters however
if you are sitting for your AYF practical test, you will need to be
aware of the need to apply these on the water.
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Boat shut down procedures
Chapter 2 Page 55 discussed procedures for flushing the engine
and storage, however, the boat and its equipment should also be
attended to after use. The following suggestions serve to remind
us of this important aspect.
• Wash the outside of the boat down to remove excess salt.
• Clean the life jackets or buoyancy vests.
• Clean the fuel tank and fuel lines.
• Check and clean the winch.
• Hose down the trailer and check the bearings and tyres.
• Wash, dry, coil and dry all anchors and ropes.
• Clean out the inside of the boat removing scales, rubbish and
in aluminium boats check for any sinkers or metal which may
corrode the hull.
• Check the radio and connections.
• Check flares, mirrors and other safety gear.
• Inspect the hull for any damage and make arrangements for
any necessary repairs.
Accepting a tow

Wet Paper

If you have not read the section on salvage, it may be a good idea
to flick back to Page 63. The best rule of thumb is to throw your
line to the other vessel in the hope they will accept it. Before
doing so make sure your boat is secured in the centre so it will
be towed evenly. Knots used will be under great strain, so its
best to tie to the strongest part of the vessel. A small cleat would
be of little use under strain. If knots are used, then close the one
that will undo easily i.e. a bowline or slippery hitch. Keep in
mind what safety precautions you would need to have if the line
were to break and advise personnel accordingly. Finally, control
your speed according to the state of the sea and keep a good eye
out all the time on the vessel being towed and be prepared to stop
at any time.

Fig 34 Towing
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Water skiing, scurfing, aquaplaning and paraflying

Water Skiing signals and rules have
been discussed on Page 65.

Make sure you know all the rules. Make sure you have a
competent and alert observer who is the right age. You will
have to judge the competence of the skier and be prepared for
many spills.

Speed OK

Turn left

Slower

Stop

Faster

Return to dock

Cut motor

OK

Turn right

Fallen Skier
Watch out

Fig 35 Common ski signals
Wet Paper

Scurfing is one of the easiest forms of skiing because there is a
larger area under the skier. If the skier first lies, then kneels and
then stands up, the skill can be mastered in a short time. The
areas designated for boating and skiing in a local area are
defined by the local harbours and marine authorities. A typical
set of local rules is reprinted below:• Private water skiing only.
• Not more than four boats to operate at any one time
• Not more than one skier to be towed by each boat
• Boats having a centre line length in excess of 5.2 metres are
not permitted to engage in water skiing.
• Water skiing restricted from dawn to dusk unless signposted.
In paraflying look out for overhead powerlines and bridges and
aquaplaning requires the driver to "whip" the riders around.
Care should be taken not to "whip" them into other boats or into
jetties or trees beside the banks of rivers.

Fig 36 Paraflying
Wet Paper
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Emergencies
Distress and urgency signals

1.8 m minimum
910 mm minimum

In emergencies use the radio as described in the previous
chapter. If one is not available, take out the emergency V sheet
and display this in a prominent position. If this is not available
stand up in the boat and signal as shown opposite. Distress
messages are discussed in Chapter 8.

760 mm
minimum

1.2 m minimum

Waves on open water

100 mm minimum
150 mm maximum

Fig 37 Two methods of signalling distress are
waving arms as indicated above or using a Vsheet which is orange with a black V. It should
be tied to a position in the boat where it can be
seen.
Wet Paper

Checking weather forecasts and keeping alert is part of routine
safety, however things can change dramatically quite quickly
and even a lake can turn into a nightmare situation. Bringing a
small boat safely through a storm can be a real challenge. It
requires a cool head, skilful handling and a sound well equipped
craft. Waves in open water require some means of preventing a
boat from capsizing. Usually the best way to do this is to "lay
to" and keep the boat stationary into the wind. If you have a
power boat, turn the boat into the wind and keep the motor
running to such a speed that the boat stays in position. A sea
anchor can be used if the engine fails or you are in a sailing craft.
Capsizing

Safety
In open water situations if on board a
larger vessel:★ Everyone should wear a PFD.
★ All loose gear should be stowed.
★ The weight in the boat should be
kept as low as possible.
★ The galley should be secured.

Some studies have shown that many fatalities occur when a boat
capsizes and that the most common cause is overloading. Having
the boat turn over is a very frightening experience because its
dark, lots of gear is floating around and you are disoriented and
probably injured.
The safest thing to do is to stay with the boat. Most have
sufficient built in buoyancy to keep the boat afloat. In a small
dinghy, you can try to re-float it and then bail it out but it may be
best to find the V sheet and wait for a tow.

★ All fires put out and gas turned
off.

Wet Paper

★ All port holes secured properly.

Fig 38 Capsizing drill
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Man overboard
Man overboard has already been discussed on Page 122

If a person falls over the side in relatively calm conditions it is
likely to be only a minor emergency if;
• the victim is wearing a PFD,
• victim is kept in sight,
• the skipper returns promptly to the victim and approaches
cautiously on the leeward side with the engines turned off and
• the victim is checked for injuries before being brought on
board.

Crossing bars
A course for high school students
should not contain information on
how to cross bars. In fact you should
never venture out of estuarine waters
until you have sufficient experience
and the capital necessary to provision
a boat with the necessary safety
gear as described earlier.
As your experience grows with your
bank balance, join a rescue
association such as the Air Sea
Rescue or Coast Guard and crew on
a vessel that crosses bars regularly.
Take the time to learn from the older
members of the association and
gradually you will learn the ways of
the sea and value its dangers and
wonders.
Information on bars can be obtained
from local rescue associations or
harbour masters offices.
These will give information on in
bound and outbound marks as well
as the leading marks to safe
anchorages and minor ports.
Chapter 12 on Coastlines gives
information on how spits and
estuaries form.

Fig 38 A manoverboard rescue kit (Photo courtesy SARPAK, 5 Paros
Place, Currumbin, 4223)

Passage planning
The use of most small craft is governed by the time of the
operator. The discussion which follows is based on short 2-3 day
trips. Points to think about are:• Where you want to go and how to get there.
• How long it will take you to get there and back.
• How much fuel you will need.
• What to take and how to stow it.
• Predict and plan for hazards along the way.
• The experience and type of crew you wish to take.
• What type of additional safety gear is needed.
• What type of first aid kit is appropriate to the area of intended
use.
• What extra tools and spare parts should be carried.
All this has to be considered in terms of what type of craft you
intend taking. A small 12 foot tinny has obvious limitations but
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Fig 39 Where you end up will largely determine what your passage plans are.

is still suitable for many trips. In such a small craft, weather
plays a major role in when to go or when not to go. In selecting
where you want to go, it may be a good idea to check for local
knowledge to see if the area is what you want in terms of fishing,
camping, surfing or bush walking.

Wet Paper

Do you need water and are there toilet facilities? Is there a
supply of fuel along the way and are there any permits required
or places in which certain activities are prohibited?

Fig 39 Are there toilet facilities to prevent
pollution of our seas

Lee shores
One characteristic of a lee shore
is that it is protected from wind.
Knowledge of lee shores helps
select sights for camps and
mooring boats
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Local knowledge will also help you when it comes to navigation
markers. In small coastal towns, there is often a lack of
navigation aids because the estuaries are not considered deep
enough for commercial use. Local knowledge on rips and
currents, and navigation hazards will help you get there and back
safely. Find out where the safe anchorages are for protection
from bad weather and strong winds In using the local chart work
out how far you have to go by using the methods described in the
previous chapter.
Hygiene and health
Shower recesses, bilges, toilets and floors require regular cleaning
on smaller boats. Wherever possible open windows and hatches
to ventilate the boat properly. Treat cuts, bites and other small
accidents immediately .
Crew stress is also an important health consideration Teki
Dalton (1989), identifies crew stress as a significant factor in
passage planning and describes it as follows. " Stress can cause
crew fatigue and reduces alertness to a greater extent than is
generally realised. Even in clear calm weather, accidents occur.
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Wind over tide
One characteristic of wind blowing
against the tide is that it causes waves
to stand up and in some cases break
at the crest.
This makes for a rough ride and if
passages can be planned to avoid
this, a much smother ride results.
Tidal flows
Tidal flows usually increase as the
tide falls. Local knowledge and careful attention to chart markings indicate areas with high tidal flows. In
the middle of the tide, the current
runs the greatest as we learnt from
the rule of twelfths.
Sea conditions
One aspect of passage planning involves attempting to avoid these conditions rather than "punching your
way home" and destroying the kidneys of your crew.
Living on board
Teki Dalton, editor of the Government publication on Sea Safety
(1989) has the following advice.
"When cruising for more than a day
or so, individual and communal facilities need to be well designed and
understood by all on board if the
strains of living and working at sea
are to be easily managed. "

Many of these happen in mid to late afternoon when boats are
returning from all-day outings. Tests have shown that skipper's
reaction times, which are short in the morning, have doubled by
mid-afternoon. The onset of fatigue later in the day can cause
people to miss seeing objects as large as other boats. The effects
of sea and swell can aggravate crew stress, especially if they are
newcomers or 'out of practice'." Commonwealth of Australia
Copyright, Reproduced with Permission.
Other factors and their effects that contribute to crew stress
identified in Sea Safety (1989) are:
• Exposure to sun and glare and wind causing painful sun and
wind burn as well as headaches and eye strain.
• Prolonged engine noise and vibrations causing difficulty in
being heard, or in hearing radio messages.
• Rolling and pitching causing shocks to body organs.

Fires and explosions
Some statistics show that many fires occur just after fuelling. A
fire that breaks out afloat must be dealt with promptly before it
spreads. In the event of a fire, try to extinguish it with the
methods described in Chapter 4. If it appears to be out of control
send a Mayday , have all on board put on life jackets, jump into
the water and swim well clear.

"Each person should have a locker
space close to their bunk. Each bunk
should have a strong 'leeboard' made
from sailcloth at least 45 cm wide
and extending from shoulder to knee
position along the inboard edge of
each bunk."
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"The lee board should be secured
permanently along its lower edge
and folded back against the bunk
cushion for stowage in harbour.
When at sea crew members can feel
secure in their bunks by hooking
leeboards into two or more overhead
strong points" Sea safety page 60.
Commonwealth of Australia Copyright. Reproduced with permission.

Fig 40 Always mix outboard fuel at the dock or the fuel station
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Fig 41 This page courtesy Queensland Transport
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Fig 42 This page
reproduced courtesy
Queensland
Transport
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Beaching and grounding
Should the need arise to beach your vessel care should be taken
to avoid hull damage. Usually the activity is done at high tide
and as the water recedes the boat comes to rest. If possible
make sure the boat does rest on sand or mud and that when the
tide comes in, waves will not rock the boat, thus damaging the
hull.

Kedge anchor
A kedge anchor is an anchor used
to 'kedge a vessel' from one position to another. Any type of anchor
might be used but normally the
admiralty pattern is chosen for its
maximum holding and ease of
breaking out. A tender boat is
used to row out another anchor.

No boat should be beached on rocks or reefs for obvious
reasons. Correct setting of anchors as described earlier will
prevent the vessel from beaching on rocks. Sometimes you
can run aground and want to get off. Here are some suggestions:• Shift the weight of the passengers; this will often free a
lightly grounded boat.
• Try pushing the boat free with oars or a boat hook.
• If the bottom is firm and the water is shallow, the passengers
may be able to get out and push the boat free.
• If your craft is grounded in a tidal area, the rising tide will
probably float the boat free. If you are waiting for the tide
to free your boat, drop an anchor in the direction of deeper
water. This will stop the boat from being washed further
ashore as the water rises.
• Ask another boater to give you a tow. Trying to dig your
way out with your propeller will only damage your engine.
Anchor

Anchor

Fig 43 Kedging the anchor
Wet Paper

Sinkings
If the boat sinks, send out a Mayday, launch your E.P.I.R.B.,
flares and life raft, put on your PFD and get into the life raft. If
you are unable to get into a life raft, stay together in a huddle
position to prevent hypothermia.

Fig 44 Huddle positions (after Sea Safety - Page 161)
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Collisions
If you are involved in a collision that results in injuries or damage
to another boat, you should assist any injured persons immediately
and radio the appropriate distress message. You should then
head for shore as soon as possible. In many Australian States, a
boating accident has to be reported to the Marine Authorities
within 24 hours so fulfil your obligations in this regard.
Personal safety
Hypothermia
Hypothermia is the effect of
heat loss from the body and is
discussed in Chapter 10.

Although discussed at length in various places, we should
remember that the wearing of life jackets or PFD's and safety
harnesses in emergencies is mandatory. Adequate warm and dry
clothing will help you work at maximum efficiency and special
care should be taken to care for children on board. Make sure
each child has a children's PFD for the area appropriate and that
it is worn at all times. Children do not have either the strength
or experience to cope with rocking vessels and may well have to
be cared for individually.
Practical checklist
Reproduced below is the Australian Yachting Federation practical
test for power boat handling.

Shore
based

National Small Craft
Safety Certificate

Instructor (Can be a
teacher at school)

Practical

National Powerboat
Handling Certificate

Instructor (Can be a
teacher at school with
TL3 certificate)

3 Seasons Experience Logged
Theory
and
practical

Boat Rescue
Endorsments

State
Committee

Theory
and
practical

Instructors Training
Course

State
Committee

Experience
School can become an
AYF approved centre
Instructors Certificate
(Instructor can test students for
boat license in some states)

State
Committee

Examiner

Fig 45 AYF National Powerboat handling certificate, practical test and scheme.
AYF
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Practical self evaluation..
1. Tie a clove hitch and demonstrate it’s use.
2. Tie a round turn and a two half hitch.
3. Tie a bowline and demonstrate it’s use.
4. Tie a figure of eight and demonstrate it’s use.
5. Tie a sheetbend and demonstrate it’s use.
6. Tie a reef knot and demonstrate it’s use.
7. Mix two stroke fuels in a given ratio.
8. Coil and use rope correctly on a trailer .

Review questions
1. A person falls out of a small motor powered dinghy.
What would you do?
2. What does a danforth anchor look like and where is
it used?
3. A rock pick is used in which situation? Why is a rock
pick so designed?
4. What is the purpose of a shackle in an anchoring
system?
5. What function does the fluke of an anchor serve?

9. Row a boat in a straight line.

6. You are anchored in 6 metres of water. What
amount of anchor line and chain should you use?

10. Mount a motor correctly and connect a fuel tank.

7. What does the word scope mean?

11. Start an outboard motor.

8. You are in a small dinghy with a 5 hp outboard motor
and are approaching the beach. What should you
do?

12. Use gears correctly.
13. Reverse out and around a buoy.
14. Steer a boat with confidence at slow speed.

9. How do you moor to a buoy by yourself?

15. Bring a boat back to shore correctly.

10. What boat shutdown procedures are necessary
after a days fishing in a small dinghy with a 7 hp
outboard motor?

Using a boat with a 5 hp motor

11. You have broken down in the middle of a channel.
What do you do?

16. Demonstrate 4 and 6 knots.
17. Demonstrate knowledge of the boating rules.
18. Steer a boat with confidence on the plane.

12. What are the rules of salvage?
13. What signals are made by a person water skiing who
wishes to:-

19. Demonstrate turns while on the plane

(a) speed up.

20. Demonstrate crossing a wash.

(b) slow down.

21. Demonstrate increase decrease speed while

(c) go faster.

turning.
22. Reverse out and perform a figure of eight.

(d) go slower.
(e) return to shore.
(f) stop.

Using a boat with a small motor (e.g. 5 hp motor)
23. Make a figure of eight at speed.

(g) turn right.
(h) turn left.

24. Perform a Man over board drill.

14. What is a V sheet and when should it be used?

25. Moor at a jetty, rock or buoy.

15. You capsize your dinghy. What should you do?
16. What are six aspects of passage planning?

Using a boat with a >6 hp motor
26. Make a figure of eight at speed.
27. Recover an object from the water.
28. Demonstrate control in mooring at a jetty or buoy .
29. Demonstrate a crash stop.
30. Demonstrate control of keel while turning.

17. What aspects of health and hygiene are necessary
for passage planning?
18. What is a lee shore and why it an important consideration in a passage plan?
19. What is crew stress?
20. How can crew stress occur?
21. Where should fuel be mixed?
22. What are three aspects of being prepared for fire on
a vessel?
23. Why does fire not discriminate in a vessel?
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24. How should a boat be fuelled?
25. What are eight aspects of good housekeeping with regards fire safety afloat?
26. What are eight aspects of electrical installation in boats which contribute to fire
and LP gas safety?
27. What are nine common causes of fire on
board small craft?
28. What is LP gas?
29. What does the term buyer protection
refer to with LP gas?
30. What are six aspects of LPG gas installation?
31. What emergency procedures should be
undertaken with LP gas cylinders in fire?
32. How should LP gas on board a vessel be
ventilated?
33. What are five aspects involved with LP
gas leakage?
34. What are six fire prevention measures to
be taken with LP gas.
35. How should LP gas be stored on a vessel?
36. List one thing to do with LP gas when
fuelling?
37. What does the term "kedge an anchor"
mean? Draw a diagram to assist you
explain your answer.
38. What does the term huddle mean? Draw
a diagram or a self huddle and a group
huddle.
39. What does the term hypothermia mean?
40. You are about to do your AYF powerboat
handling certificate practical test, and
have been given the following diagram
by your instructor. Make a copy of the
diagram opposite and fill in the aspects of
test making notes.
Wet Paper and AYF
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Content

Process

●

Common chart symbols

●

Modern navigation aids

●

The mercator projection

●

Latitude, longitude and nautical mile

●

Speed, distance and time

●

Parallel rulers and laying off

●

Compass errors and courses to steer

●

Magnetic variation and deviation

●

Position fixing methods - plotting

●

Set and drift calculations

●

Tidal flow calculations

●

Convert true to magnetic bearings and
vice versa

●

Determine latitude and longitude

●

Basic understanding of a chart

●

Fix a position on a chart

●

Solve simple problems involving distance,
speed and time

●

Lay off and plot a course between two
positions on a chart

●

Maintain a ship's log

National Powerboat Training Scheme
Topics
Charts and maps
Compasses and their errors
Navigation techniques
Navigation equipment
Lights

Skills

Attitudes

●

Accuracy in taking compass bearings

●

●

Use a set of parallel rulers and compass dividers

Value the usefulness of the boating rules
buoyage system

●

Derive satisfaction from mastering the art
of navigation
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Exercise 1 Chart features
Using a chart is very easy as chart features are clearly marked
as shown in the diagram below.
The most common is the mercator projection which flattens
out the curved surfaces of the earth.

All exercises for this chapter
have been based on exercises
developed by the Author, Ward
Nicholas, Bob Critchley and
Don Tennant.
Some questions have also
come from TAFE archives
whose authorship we are unable to trace but gratefully acknowledge.

Fig 1 Common chart features (Illustration courtesy Australian Government
Publishing Service)

The hydrographer for the navy has produced practice charts for
all over Australia especially for students learning navigation.
The chart we will use is Aus 5169b of Hillsborough Channel.

UK Admiralty

Equipment

Fig 2 You will need access to a copy of this
publication, "Symbols and Abbreviations
used on Admiralty Charts"
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For this first exercise you will need:• A copy of the Cape Hillsborough Practice Charts.
• Access to the book "Symbols and Abbreviations used on
Admiralty Charts 5011" available from your local chart office
• A soft lead pencil 2B pencil.
• A set of parallel rulers of equivalent.
• Eraser, dividers and drawing compass as shown over.
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Fig 3 Chartwork equipment.

Procedure
1. Make a list in your note book of as many chart features
which you would not find on a map.
2. In your workbook, draw each of these symbols and suggest
possible reasons for them. Note the key symbols such as
those used for reefs, soundings and lights and suggest
possible reasons for the inclusion of these in the chart of the
local area.
3.. What is the deepest section of water on the chart?
4. What is the most northerly point on the chart?
5. Why does a chart need latitude and longitude?
6. What date was the chart prepared?
7. Is there a scale on the chart and if so what scale is used?
8. What are the main shipping lights nearest the local port?
9. What is the main degree of latitude and longitude?
10. Is the chart in fathoms or metres?
11. Beacons and lights. Beacons and lights are important to the
navigator. Find below a list of beacons and lights.
Your task is to go to the book "Symbols and Abbreviations used
on Admiralty Charts 5011" and write down what each means.
• Beacons:- Red, Green, Yellow
• Cardinal: East , West, North, South.
• Lights:- Red, Green, Yellow, White.

Exercise 2 Latitude and longitude
Find the latitude and longitude of the following.
1. Coppersmith Rock Lighthouse.
2. Western tip of Brampton Island.
3. Wreck to the north of St. Bees Is.
4. Skiddaw Peak Triangulation point.
5. Pinnacle Rock.
6. Platypus Rock.
7. North tip of Rabbit Is.
8. Hempel Rock on Carlisle Island.
At the end of each exercise always erase pencil lines.

Exercise 3 Nautical mile

Note
1 nautical mile = 1.825 kilometres
1 kilometre = 0.54 nautical mile

144 Chapter 6 Chartwork

Because the earth’s surface is divided up in degrees and minutes,
normal kilometres and metres are not used. The scale of
measurement used is the nautical mile, which is represented by
one minute of latitude.
1 Nautical Mile = 1 Minute of Latitude
Thus, few charts carry separate distance scales, the scale on the
left or right side of the chart being used to measure nautical miles
in any direction. Distance is measured by dividers.
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Fig 4 The nautical mile (Illustration courtesy Reed Books)

The spread of the divider’s points are used to carry the measurement
of the latitude scale, where it can be read off in minutes. Because of
variations due to the chart’s distortion, distance readings should be
taken from the latitude scale at a point approximately level with the
boat’s position.
Procedure
Find below an exercise using the dividers to work distance. Using
the dividers work out the following distances:
1. The distance to each point, and
2. The whole distance.
a) Singapore Rock to Devereux Rock.
b) Devereux Rock to Maryport It.
c) Maryport It. to Solder Island.

Hints
1. Draw a line from your point of
departure to your destination.
2. The line should not go over land.
What other obstructions should
be avoided?
3. Either walk the dividers by measuring set distance from the latitude scale or if possible measure
the full distance with the dividers.

5. Write the answer next to the line
on the chart or in your logbook.

Wet Paper

4. Move the dividers to the latitude
scale closest to your position and
record the distance.

Fig 5 Hints on working nautical mile exercises
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Exercise 4 Speed and distance
These two factors are related by a formula that involves distance
and time. Think of the speed of a car. It is measured in
kilometres per hour.
Speed is the total distance travelled,
divided by the total time taken, and can be summarised in the
magic triangle as follows-

Distance

Speed

Time

The magic triangle. Place finger
on what you want to find to
obtain formula
Fig 6 Formulas for distance, speed and time
Wet Paper

The speed of a vessel is measured by a speed log.

A navigator may be called upon to
calculate three possible factors:
Boat speed =

distance / time

Distance

=

speed x time

Time

=

distance / speed

This computes the time it takes to travel a nautical mile. Speed
is measured in knots. The log on a boat shows distance and
sometimes speed. Distance logs are more important because
they can be combined with travelling time to compute a boat’s
speed.
The nautical mile is equal to a boat travelling at one knot for one
hour or the distance travelled in one hour by a boat travelling
at one knot.

Procedure
Calculate the following:-
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1. s = 5

d=5

T = _____

9. d = 100

T = 15 s = _____

2. s = 10

d=3

T = _____

10. d = 200

T = 26 s = _____

3. s = 15

d = 30 T = _____

11. T = 8

s=2

4. s = 3

d = 15 T = _____

12. T = 10

s = 10 d = _____

5. s = 6

d = 100 T = _____

13. T = 15

s=4

6. d = 8

T=1

s = _____

14. T = 30

s = 15 d = _____

7. d = 15

T=3

s = _____

15. T = 100

s=4

d = _____

8. d = 30

T=3

s = _____

16. T = 200

s=4

d = _____

d = _____
d = _____
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This instrument is designed to be moved across
the chart and maintain its edge in a fixed direction.
• Choose the Western compass rose and lay the
parallel ruler across the rose. Check that the
edge passes through the centre of the rose and
the outside circle on the 065o and the 245o
graduations.
• Now move the parallel rulers to the Eastern
compass rose by opening and closing the ruler,
applying pressure to the ruler which is
stationary.
• Make sure that the half not being opened does
not move.
• When the ruler arrives at the Eastern compass
rose the readings on the outside circle should
be the same as the Western rose. If not repeat
the exercise.
Now do the following exercises by moving the
parallel rulers from the Western rose to the Eastern
rose.
a) 250o and 70o
b) 220o and 40o
c) 290o and 110o
d) 330o and 150o
e) 20o and 200o

Exercise 6 Setting a Course
• First decide on where you are and mark it on the
chart. You will need to use your parallel rulers for
this job.
• Next mark the position you wish to go to on the
chart. Finally make a line between the two.
• Now use the parallel rulers to find the direction.
Remember to use your compass rose! Plot the
following courses.
When you plot the course write the course next to the
line in the following manner. TC = 2920
- Position ‘A’ (20 degrees 39.1 south, 149 degrees
25.4 east) to position ‘B’ (Fairlight Rk. 2 miles,
Coppersmith Rk. 4 miles, Blackcombe Is. 2.9
miles).
- From ‘B’ to an area which dries to 6ft of east coast
of South Repulse Is. Position ‘C’.
- Position ‘C’ to Maryport Bay at Carlisle Is. You
must steer to the southern point of Allonby Is.,
just below the 10.1 fathom line, position ‘D’.
- Position ‘D’ to the anchorage between Keswick
Is. and St. Bees Is. You travel north around
Carlisle Is. and then direct to the anchorage.

Wet Paper

Exercise 5 Use of Parallel
Rulers

Fig 7 Setting a course
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Exercise 7 Choosing an objective
Before leaving you should study the chart along the path you would like to go. As you study the chart you
should take particular notice of any dangers. Discuss the significance of the three dangers below.
• Depth
• Currents and tides
• Shipping channels
When you have decided your course you should then mark the course. Any dangers should be avoided and
at least (if possible) one mile (to 5 miles) should be marked around the danger. If it is a lee shore (what is
a lee shore?) then a greater margin of safety should be marked. To mark this danger a circle is best used
around the danger and your course is to go around it.
Now do the following exercise. This exercise is to test your ability to work with a partner and to practise
all the skills you have acquired to this point in your course.

Wet Paper

1. From the anchorage at
Keswick I. to 2 miles off
Devereux Rk.
2. Stay 1 mile off the eastern
point of Tinsmith Is.
3. Stay 1 mile off Coppersmith
Rk.
4. Stay 1 mile off Platypus Rk.
5. Then proceed to 20 degrees
30.8 minutes south, 149
degrees 00.5 minutes east.
From here steer a course for
the anchorage behind
Burning Pt.
From the above examples
find the following.
a. Latitude and longitude
of each change in
course.
b. The bearing and
distance of each course.
c. The total distance
covered.

Fig 8 Danger circles
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Exercise 8 Planning a Section of a Voyage
You are undertaking a voyage from Genesta Bay (7.2) to the anchorage at
Brampton Is. You have a lunch stop at the anchorage at Keswick Is.
Consider the following points.
H Erase all pencil marks on the chart before you start.
H Study the chart to gain an overall view.
H Plot the initial and final positions.
The most likely course is from the starting position to the 1 mile clear of
Linne Is. then to the lunch stop. Then to 1 mile off the southern tip of
Brampton Is. to clear the rips of the western side and finally to the
anchorage.
Procedure
1) Mark in the course.
2) On this section of the voyage what are the first, second, third, fourth, and
fifth courses (Answer to 1o)
3) What is the latitude and longitude of each change in course?
4) What is the final position in latitude and longitude?
5) What are the navigation aids where each course change will occur?
6) What is the distance of each course?
From the previous exercise we would like to know how long it will take to
get there.
Distance for the voyage:
1) How would you work out the amount of time for the voyage?
2) What is the time if the boat's speed is 6 knots?
3) What is the time if the boat's speed is 3 knots?
4) What is the time if the boat's speed is 10 knots?

Exercise 9 Practice
Copy the following into your notebook and calculate the missing figure.
Part A
1.
T.C. = 2650
2.
T.C. = 1850
3.
T.C. =
4.
T.C. =
5.
T.C. = 0330

V. = 150 E M.C. =
V. = 120 W M.C. =
V. = 100 E M.C. = 0530
V. = 130 W M.C. = 1380
V. = M.C. =

Part B
1.
T.C. = 1500
2.
T.C. = 1800
3.
T.C. =

V. = 100 E M.C. =
V. = 110 W M.C. =
V. = 110 E M.C. =

D. = 30 W C.C. =
D. = 50 E C.C. =
D. = 30 W C.C. = 1600

4.

T.C. =

V. = 100 W M.C. =

D. = 30 E C.C. = 3600

5.

T.C. = 0030

V. = 110 E

D. = 5 0W C.C. =
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Exercise 10 Bearings
While travelling to Solder I. you want to find out where you are. You have
a feeling you are off course and take three bearings to three chart features
A, B and C
A on our chart is centre Finger and Thumb
B is to Solder I.
C is a backbearing to Skiddaw Peak.
The bearings using a handbearing compass and the conversion adding the
variation of 70 are as follows
• To Finger and Thumb 2320M which converts to 239oT
• To Solder I. is 2970M which converts to 304oT
• To Skiddaw Peak is 1510M which converts to 158oT
Now we can use our parallel rulers and pencil to draw three thin careful lines
to A, B and C. Where they intersect is our position called a cocked hat.
• Line to A at 239oT
• Line to B at 304oT
• Line to C at 158oT

0

Compass bearing to B = 297 M
0
Variation = 7 E
True bearing to B = 304

0

B

Your
position

A
Compass bearing to A = 2320 M
0
Variation = 7 E
True bearing to A = 239

0

C

Compass bearing to C = 151 0 M
0
Variation = 7 E
True bearing to C = 158

0

Fig 9 The cocked hat - locating your position by three bearings
Wet Paper and Hydrographer for the Navy
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Exercise
Find below a list of bearings, plot these on your chart and write down the
latitude and longitude of the position.
1) Highest point of North Repulse Island 053 degrees. Highest point of
East Repulse Island 090 degrees. Highest point of South Repulse Island
108 degrees.
2) Shaw Peak 035 degrees. Highest point of Thomas Island 085 degrees.
Coppersmith Rock Light 116 degrees.
3) Highest point of Blacksmith Island 076 degrees. Highest point of
Hammer Island 090 degrees. Southern edge of Ladysmith Island 102
degrees.
Where these three positions fall draw a circle and write D.R. in the middle
of circle. What does D.R. mean? What also could be written next to it?
1) Your position is Bennett Rock. You take bearings on the following
marks: H.P. South Repulse Is; H.P. Blacksmith Is.; Northern point
Anchorsmith Is. Confirm you position by plotting your bearings.
2) Your position is Carondelet Rk. You take bearings on the following
marks. Coppersmith Rk. Light; Eastern edge Blackcombe Is; Northern
point Anchorsmith Is; Draw in the bearings and confirm your position.

Exercise 11 Set and drift exercise
To allow for set, drift and leeway the ship's navigator has to set a course
either to port or starboard of the course line. If the set is known (by
checking charts) then the navigator can adopt the following procedures.
Ebb tide stream,
with rate
Flood tide stream,
with rate

Leeway
This is the amount which a vessel drifts or makes to leeward of her
course by compass when she is steaming with the wind on her side.
The set
This is the direction in which a current or tidal stream is flowing.
The drift
This is the rate at which a vessel deviates from its course due to
wind, current or tidal influences.
Tidal streams
These are marked on charts by arrows pointing in the direction of
the set with the rate of the set marked on the shaft. A current is
marked with an arrow pointing in the direction of the set. The arrow
has a wriggle on the shaft with no arrows. The rate of the set is
marked on the shaft.
Fig 10 Set and drift chart markings and definitions
Wet Paper and Hydrographer for the Navy
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Exercise
The boat's speed is say 4 knots. The direction the current is
flowing (the set) is 180. The current speed (the rate) is 1.25 knots
1. Place the direction of the current on the boat's course line.
This may be at any point. Call this A.
2. Using dividers, measure off the distance the current (drift)
will run in 1 hr from A and mark it on the current line. Call
this X.
3. Space the dividers to the distance the boat will travel in 1 hr
and place one point of the dividers at Point X (on the current
line) and sweep round until it touches the boat’s course line.
Mark this and call it point Y.
4. XY is the course to steer so with parallel rulers work out the
T.C and convert it to C.C by subtracting the 70E error.
5. Steer the boat for one hour at 4 knots on C.C. 2950 and recheck your position. Make the necessary corrections after
this time.

18 0

Set

Set =

Y

True course = 302
0
Error = 7 E

0

Course to steer = 295

0

X
Drift = 1.25
knots

A

Boat speed = 4 knots

0

0

Fig 11 Calculation of set and drift
Wet Paper and Hydrographer for the Navy
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The global positioning system (gps)
The Global Positioning System of GPA, determines the position and speed of a vessel at sea very precisely
from a number of satellites 10,900 miles above the earth. Each satellite sends out signals which are
interpreted by the GPS navigator on board the vessel.

Fig 12 Modern chart plotter

Position determination usually requires that the GPS navigator is receiving signals from four satellites. It
then calculates the latitude, longitude, altitude and time. Each satellite transmits signals allowing the user
to find its position and time of transmission. The transmission delay (∆t) is found by comparing the time
of transmission to the arrival time. The transmission delay (∆t multiplied by the speed of light (c) equals
the range (R) to the satellite. See Figure 13 below.
When the range of each of the four satellites together with their position is known, the receiver position can
be determined. The estimated position is the point where the range to the satellites equals the measured
distance. In other words, at the point of intersection of the spheres centred around each satellite with a radius
equal to the measured range.
Satellite 2

Satellite 3

Range 3

Satellite 1

Satellite 4

Range 2

Range 1

Radius 2

Range 4

Radius 3
Radius 1

Fig 13 The receiver position is determined by the
intersection of the spheres centred around each satellite
with a radius equal to the respective range For simplicity
only three satellites are shown (After GME Personal
Communication)
Wet Paper
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Revision
1. On a new and unfamiliar chart, complete the following:-

Chartwork exercises
Chart AUS 5169B Hillsborough Channel

(a) What is the deepest part on the chart?

- Extension and revision questions

(b) What is the most northerly point on the chart?

Exercise A

(c) Why does this chart need latitude and longitude?

The order of accuracy that is required with all of these
exercises is 0.5 degree and 0.1 minutes of latitude or
longitude.

(d) What date was the chart prepared?
(e) Is there a scale on the chart and, if so, what scale
is used?
(f) What is the magnetic variation for the chart?
(g) What are the main shipping lights nearest the
local port?
(h) What is the main degree of latitude and longitude?
(i) Is the chart in fathoms or metres?
(j) Is a lateral or cardinal system of buoyage used?
(k) Make a list of ten chart features.

1. What is the latitude and longitude of each of the
following:a. Hill 441 Hammer Island
b. Spitfire Rock, Kennedy Sound
c. Io Reef, West of Goldsmith
d. Rocky Point, NW corner of chart
e. Anchorage between Keswick and Saint Bees
2. What is the exact meaning of the chart symbols
found at the following positions

2. Define the term, nautical mile.

a. 20 0 30.65'S 149 0 02.40'E

3. Name 5 hints that can be used to determine distance
on a chart.

b. 20 0 48.40'S 148 0 50.04'E

4. Draw a diagram of the magic triangle and describe
how it can be used for non mathematicians.

d. 20 0 54.25'S 149 0 26.95'E

5. Describe how to use a pair of parallel rulers.
6. What is involved in setting a course?
7. How does a navigator go about choosing an objective?
8. How is a section of a voyage planned?
9. What is a magnetic bearing?
10. What is involved with the compass error?
11. Define the term set and how is it marked on a chart?
12. Define the term drift and how it is calculated?
13. What is leeway?
14. How does a navigator compensate for leeway?

c. 20 0 45.95'S 149 0 02.15'E
e. 20 0 53.45'S 149 0 25.50'E
f. 20 0 40.45'S 149 0 12.05'E
g. 20 0 36.00'S 149 0 19.30'E
h. 20 0 45.35'S 149 0 10.25'E
i. 20 0 44.10'S 148 0 58.10'E
j. 20 0 47.85'S 148 0 57.60'E
3. The light on Coppersmith Rock. What are all of its
characteristics?
4. What is the scale of the chart?
5. a. To what date is the chart corrected?
b. When was the chart printed?

15. What is GPS?

6. What is the magnetic variation of the region for 1990,
correct to the nearest 0.5 0

16. How are satellites used to determine position at sea?

7. How far is it from:a. Cape Conway to Platypus Rock

Note: Some of the chartwork exercises that follow
require an understanding of deviation. In this
edition this topic has received only scant discussion. A full discussion of deviation is available from
the publishers as well as the answers to these
questions - on request.
The address is
Wet Paper, 14 Milbong Terrace Ashmore 4214
Note: A small charge is made to cover administration costs

b. Hammer Island South East to Allonby Island
North West
c. East Repulse Island South East to Green Island
North West
8. What is the bearing of:a. South Repulse Island Hill 217 from Bennett Rk.
(20 0 39.5'S)
b. Blacksmith Island Hill 524 from Bennett Rk.
(20 0 39.5’S)
c. Stewart Pen. Hill 417 from Bennett Rk. (20
39.5’S)
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d. Shaw Island Hill 365 from Platypus Rk.
e. Burning Point from Platypus Rk.
f. Coppersmith Light from Dorsal Rk.
g. Thomas Island Hill 598 from Dorsal Rk.
h. Blackcombe Island North from Dorsal Rk.

Exercise B Compass exercises

2. Given the magnetic variation = 5 0 E, find the compass error and deviation from the following sets of
transit bearings. [ TRUE , COMPASS ]
a. 042 0 T , 036 0 C E __ D __
b. 358 0 T , 010 0 C E __ D __
c. 176 0 T , 192 0 C E __ D __
d. 246 0 T , 245 0 C E __ D __
e. 263 0 T , 291 0 C E __ D __

Compass Error

f. 148 0 T ,142 0 C E __ D __

This is simply the error between Ship’s Head (True) and
the Ship’s Head (Compass). It is the mistake in the
compass due to the magnetic effect of the Earth and the
ship. Compass Error has two components.......

g. 083 0 T , 077 0 C E __ D __

Variation and Deviation.

h. 039 0 T , 048 0 C E __ D __
i. 306 0 T , 291 0 C E __ D __
3. Set A Variation, Deviation - find error

Variation

a. 8.5 0 E, 3 0 E

This is the component of the Error due to Earth’s magnetic field. It is found on the chart within the Compass
Rose. A Calculation is required to bring the figure for
Magnetic Variation up to date for the year.

b. 9 0 E, 4.5 0 E

Look at the compass rose for the practice chart. Calculation Variation for 1990 is:1990 - 1964 = 26 years at 2'.45 = 1 0 11'.30 added to
8 0 00’E = 9 0 11' in 1990.

c. 10.5 0 E, 1 0 E
d. 11 0 E, 5.5 0 E
e. 9 0 E, 1 0 E
f. 8.5 0 E, 2.5 0 E
g. 11 0 E, 3 0 E
h. 10.5 0 E, 6.5 0 E

Deviation

i. 11 0 E, 7 0 W

This portion of the Error is due to the effect of own Ship’s
individual magnetic field. It is found from a Deviation
Card that is peculiar and individual to the ship.

j. 8.5 0 E, 1.5 0 W
k. 10.5 0 E, 3 0 W

Variation and Deviation together give the Compass
Error. [ sometimes called the Total Error or just Error ].

l. 9 0 E, 6 0 W

Important!!

n. 11 0 E, 4 0 W

Error only alters when the course being steered [Ships
Head ] is changed. When a ship is steering a steady
course, all Compass bearings taken - as well as Ship’s
Head - - will have the same Compass Error

o. 9 0 E, 1 0 W
p. 10.5 0 E, 2.5 0 W

Rule

a. 11 0 E, 17.5 0 E

Error East - Compass Least, Error West - Compass Best

b. 8.5 0 E, 1.5 0 E

m. 8.5 0 E, 8.5 0 W

Set B Variation, Error - find deviation

c. 10.5 0 E, 13 0 E
1. Apply the following compass errors to complete the
following statement:a. 132 0 (C), 16 0 W = ______

0

b. 357 0 (T), 7 0 W =______

0

C

c. 004 0 (C), 11 0 E =______

0

T

d. 097 0 (C), 5 0 E =______

0

T

e. 196 0 (T), 7 0 E =______

0

C

f. 274 0 (T), 8 0 W =______

0

T

g. 324 0 (C), 7 0 W =______

0

T

h. 339 0 (T), 6 0 W =______

0

C

i. 157 0 (C), 80 E =______

0

T
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T

d. 9 0 E, 15.5 0 E
e. 8.5 0 E, 8.5 0 E
f. 11 0 E, 9 0 E
g. 10.5 0 E, 16 0 E
h. 9 0 E, 5.5 0 E
4. Deviation, Error - find Variation
a. 3 0 E, 12.5 0 E
b. 6.5 0 W, 2 0 E
c. 4 0 E, 14.5 0 E
d. 5.5 0 E, 13.5 0 E
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e. 1.5 0 W, 9 0 E
f. 3 0 W, 8 0 E
g. 0.5 0 E, 10.5 0 E
h. 2.5 W, 6 E
0

0

What is the deviation for the course that you are
steering?
5. Round Head and Cape Conway give a transit bearing
of 341 0 . What is your deviation?
6. The same transit, after an alteration of course, gives
a compass bearing of 350 0 .

Exercise C Position Fixes
Chart. AUS 5169B Hillsborough Channel. Variations and
Deviations to .0.5 degree. Deviation from the card on the
chart. Variation for 1990.
What is your position, in latitude and longitude ( to 0.1') for
each of the following fixes. In each case, the Ship's head
by compass is given.
1. Course 20 0 C
Hill 441 Hammer Island 57 0 C
Hill 530 Cape Conway
319 0 C
Hill 217 South Repulse Island 280 0 C
2. Course 238 0 C
Shaw Peak Hill 1339
279 0 C
Linne Island Hill 932
230 0 C
Cockermouth Island 670 355.5 0 C
3. Course 063 0 C
Cape Hillsborough - Hill 851 234.5 0 C
Green Island - Hill 204
172 0 C
Keswick Island - Hill 943 87 0 C
4. Course 118 0 C
Coppersmith Rock
357.5 0 C
Gap Ladysmith - Blacksmith 231.5 0 C
Lockersmith North101 0 C
5. Course 042 0 C
Coppersmith Light217 0 C
Water Depth 20 M on a 2 M Tide Height.
6. Course 280 0 C
Coppersmith 356 0 C
Extreme range of 14 miles

What is your new deviation?
7. Silversmith Island [NE] and Blackcombe Island [N]
are in line when steering a course of 330.50 by
compass. The transit bearing of the two islands is
285 0 by compass.
What is your new deviation for the course and what
correction has to be made to the previous deviation?

Exercise E Coastal navigation exercise
Chart AUS 5169B Hillsborough Channel. Variation for
1990 Deviation from the card on the chart
1. Your starting position A, is 2nm north of Green Island.
[N]. Your true course is 333 0 and your speed is
knots.
a. What is your DR position after one hour?
b. What is the latitude and longitude of position A?
c. What is the range and true bearing of Cape
Hillsborough from this DR position
2. You now alter course to 310 0 [C]. You immediately
fix and find position B with Cape Hillsborough bearing
219 0 [C] and Rabbit Island [N] bearing 274.5 0 [C].
a. What was your DR position after a further 2 hours
steaming?
b. What is the latitude and longitude of position B?
c. On this course how close would you pass to Outer
Newry Island?
3. You now fix by radar VRM and you find that your new
position C is 5.8nm from Cave Island, and 6.0nm from
Rabbit Island.

Exercise D Transit and deviation exercise

a. What is the latitude and longitude of position C.

Chart AUS 5169B Hillsborough Channel. Variation for
1990 Deviation from the card on the chart.

b. What is the compass bearing of Hill 417 from
position C?

1. Hill 417 [ Stewart Peninsula ] and Cave Island [N] are
in line on a bearing of 261 0 [C].

c. What is the bearing [C] of Allonby Island from
Position C?

What is your deviation?
2. You alter course and the same features come into
line on a compass bearing of 259 0 .
What is your deviation?
3. Your are steering 340 0 by compass when Ladysmith
Island [S] and Goldsmith Island [N] come into line
Bearing 077 0 [C]. What is your new deviation?
What is the error in deviation [from the card]?
4. You are steaming approximately north when two
southern points of Brampton Island come into line
on a compass bearing of 275 0 .
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4. Adverse weather sets in and you wish to anchor at the
anchorage just W. of Shaw island in approximate
Latitude 20 0 27.5’S. You depart position C at 1500
and your speed is increased to 7 knots.
a. Plot a course to this anchorage keeping at least
1nm from Burning Point.
b. What true and compass courses will you steer?
c. What is your earliest ETA at the anchorage?
Exercise F Compass course to steer exercise
Chart AUS 5169B Hillsborough Channel. Variation and
Deviation to 0.5 Degree. Give positions in latitude and
longitude.
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1. You are steering a compass course of 304 0 , speed
8 knots. At 1230 you fix in position 20 0 56.0'S.
149 0 07.6’E. What will be your DR position at 1300?
2. You fix your position at 1330 with Andrews Point
bearing 208 0C and Redcliff Island N bearing 2710 C.
What is your fixed position at this time?
3. Your speed at this time is increased to 12 knots.
What will be your DR position at 1415?
4. Your position is now fixed with Hill 417 bearing 267
0
by compass and Outer Newry Island [SE] bearing
195 0 [C].
What is your fixed position at 1415?
5. Speed is now decreased to 5 knots
What will be your DR position at 1503?
6. At 1503 you fix your position with Hill 293 bearing
177 0 [C] and with Hill 417 bearing 236 0 [C].
What is your fixed position?
7. Some time later you fix your position with the following two compass bearings
Midge Island...................262

0

South Repulse Island.........004 0
What is your fixed position?

Exercise G Set and drift exercise
Chart AUS 5169B Hillsborough Channel. Variation for
1990 [Effect of and Allowance for]
1. You are in a fixed position 2nm North of Cave Island,
steering 310 0 [C] at 6 knots. An hour later you fix in
position 20 0 40.3’S 148 0 49.4’E.
What set and drift have you experienced?
2. At 0615 you depart the anchorage West of Carlisle
Island steering a compass course of 261 0 at 5 knots.
At 0703 Allonby Island bears 334.5 0 [C] and Skiddaw
Peak [129] bears 069.5 0 [C].
What is your fixed position at 0703?
What set and drift have you experienced since
departing the anchorage?
3. You depart the anchorage North East of Keswick
Island at 0920, speed 7.5 knots. You are expecting
to set to the North East at 1.2 knots.
What compass course will you steer to leave
Cockersmith Island [and rocks] 1.0 nm to starboard?
What will be the speed made good?
4. From a position of 2.5nm North of Green Island [N]
you steer a compass course of 332 0 at 7 knots for
1.5 hours. At this time you fix with Allonby Island
bearing 061.5 0 [C] and Hammer Island [441] bearing 347.5 0 [C].
What is your fixed position at this time?
What set and drift have you experienced?
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5. From your most recent fixed position [Q4.] you wish to
steer a compass course leaving Hammer Island 2nm to
starboard. Your speed is 6kn and you experience the ebb
tide shown on the chart.
Find your compass course to steer.

Exercise H Running fix including set and drift
exercise
Coastal Navigation Chartwork Exercise. Chart AUS5169B
Hillsborough Channel. Running Fix in Set and Drift. The order
of accuracy that is required with all of these exercises is 0.5
degree and 0.1 minutes of latitude and longitude. Deviation off
the card on the chart.
1. While Steering a compass course of 300 0 and maintaining a speed of 6.5 knots, Hill 701 on Brampton Island was
at 348 0 compass at 0700. At 0800 the same Hill had a
bearing of 58 0 compass. What is your latitude and
longitude at 0800?
2. Coppersmith Light was observed at 0000 on a compass
bearing of 357 0. A compass course of 50 0 was steered
at 6 knots until 0100 when the light was now observed at
273.5 0 compass.
What is your 0100 position?
3. At 0830, the Hill on Green Island had a compass bearing
of 172 0 . At 1030 the same Hill bore 255.5 0 . The boat
maintained a speed of 4 knots on a compass course of
123 0 . During this time, the effect of the tide and a strong
North East wind caused a set to the South West at 3/4
knots.
What is the 1030 position?
4. While maintaining a speed of 5 knots on a compass
course of 32.5 0 , Hill 217 on South Repulse Island is
observed by compass at 342 0 and one hour ;later at 248
0
. There is a strong South East wind causing leeway of 3/
4 knots, and an ebb tide of 1 knot in the direction shown
on the chart.
What is your position after the second sighting?
5. A boat is making 4 knots on a compass course of 70 0 . At
1000 Skiddaw Peak on Carlisle Island is observed by
compass 137.5 0 Visibility is lost until 1200 when Hill 670
on Cockersmith Island is observed at 167.5 0 . You
anticipate that the strong South East wind is causing you
3/4 knot leeway and the local current is setting north east
at one knot. What is your noon position?

Exercise I Combined exercises - Navigation
Chart AUS 5169B Hillsborough Channel. Use deviation card
on the chart.
1. You are trawling heading 099 0 by compass. Ship’s speed
4.8 knots. At 0435 Stewart Peninsula triangulation point
(417’ ) bore 159 0 by compass, later at 05.23 Cave Island
bore 241 0 by compass.
What is the latitude and longitude of your ship at the time
of the second bearing?
2. You continue trawling on this course at the same speed.
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Green Island Distant 6.4 miles
Wedge Island distant 6.2 miles
Brampton Island 6.7 miles
Calculate the set and rate of the current between 0523
and 0817
3. You now cease trawling and head for position Latitude
20 0 34.1’s Longitude 149 0 22.5' setting a speed by
engine revs. of 8.2 knots.
What compass course must you steer to counteract the
current previously found in Question 2?
4. What is your ETA at the position required in Question 3?
5. From the position found in Question 3, what compass
course would you set to head for Fairlight Rock.
6. Whilst heading for Fairlight Rock you observe the
following compass bearings:Blackcombe Island 149 0 by compass
Coppersmith Rock Light House 217 0 by compass
Shaw Peak 315.5 0 by compass
Fix the ship’s position at the time of these bearings and
advise the compass bearing and distance of Fairlight
Rock.
7. From the fix found in Question 6 steer 244 0 by
compass. What distance will you pass off Silversmith
Island?
8. Continue on this course till the western ends of Blacksmith and Hammer Islands bear 184.5 0 by compass.
What information does this give you?
9. List ten chart abbreviations with their meanings as
found on this chart ( try and pick ten that you haven’t
used before ).

5. From position D (Question 3) find the compass
course to steer to reach a ship in distress on latitude
20 0 41.0’S longitude 149 0 26.0’E, to counteract a
current setting 151 0 at 1.5 knots. Ship’s speed is 8
knots through the water. What is the actual ship’s
speed over ground?
6. On another day, you are heading 310 0 by compass
ship’s speed 5.5 knots. At 0837 you observe the
highest point of Rabbit Island bearing 212 0 by
compass, later at 0907 it bore 175 0 by compass. If
a current is setting you 315 0 at 0.5 knots throughout
this time what is the latitude and longitude of your
ship at 0907.
7. Your vessel is about 7 n miles South of Cape
Conway you wish to sail a true track of 225 0 . What
compass course would you steer allowing 10 0
Leeway caused by a South Wind?

Exercise K Chart AUS 5169A Whitsunday
Passage exercise
Coastal Navigation Chartwork Exercise. The order of
accuracy that is required with all of these exercises is 0.5
degree of accuracy and 0.1 minute of latitude or longitude.
1. What geographical features are at the following
position?
20 0 38.7'S) 148 0 40.7’E [Hill 1072]
20 0 30.2'S) 148 0 49.1’E [Defiance Island {NW} ]
20 0 36.8’S, 148 0 52.5’E [South Repulse Island]
20 0 23.9’S, 149 0 01.9’E [Trig. Point]
20 0 02.3’S, 148 0 52.9’E [Dolphin Point]
20 0 27.5’S, 149 0 04.5’E [Anchorage]
20 0 27.6’S, 149 0 02.3’E [Lindeman Island Resort]

Exercise J Combined exercises - navigation

20 0 17.3’S, 148 0 48.2’E [Low Rock]

Chart AUS 5169B Hillsborough Channel. Use Deviation
Table shown on chart. Use correct variation for 1981.

(NB. Low Rock is now encircled by 4 Cardinal
Marks.)

1 . Plot position "A" in latitude 200 33.8’S longitude 149 0
25.4’E. Find the compass course to steer and the
distance to sail to reach position B which is found by
radar ranges of Finger Island 1.8 miles, Hempel Rock
1.5 miles and Solder Island 1.75 miles. What is the total
error found on this course?

2. What are the characteristics of the lights on Dent
Island and Eshelby Island?

2. From the position B steer 216 0 True, distance 10.8 nm
to reach position C. What are the compass bearings of
Red Cliff Island (centre) and Wedge Island (centre)
from position C.
3. From position C find the compass course and distance
and the latitude and longitude of position D. Position D
is found by true bearings of Coppersmith Rock Light
House 092 0 , St. Helen Rock 051 0 and Platypus Rock
0010 .
4. Whilst on passage from position C to position D you
observe the highest point of Linne Island in transit with
lo reef bearing 058.5 0 by compass. What is the total
error of your compass as found by this transit and what
information does this give you?
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3. Find the latitude and longitude of the light on Coppersmith Rock. What are the characteristics of this
light? Is 88 ft significant?
4. In latitude 20 0 41.1’S and longitude 149 0 00’E, what
flood and ebb tides would you expect to encounter?
5. In Woodwark Bay at what longitude does the 3
fathom line cross the parallel of 20 0 11.1’S?
6. Now find the latitudes and longitudes of the following:Double Cone Island
Mansell Island [NE]
Coppersmith Rock Light
Anchorages West of Shaw Island
7. What is the bearing of North Repulse Island [165]
from South Repulse Island?
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8. What is the bearing of Hill 212 [ East Repulse Island
] from Hill 165?
9. What is the distance [or range] from Round Head to
Boat Point?
10. What is the scale of chart AUS 5169 A?
11. Why isn’t there a depth of 97 shown on this chart but
can be shown on a metric chart?
12. What is the bearing of Grimston Point from Pioneer
Rocks?

6. What other methods of navigation are used?
7. Look at the photograph Figure 14 taken from the Fiji
museum. These parts of ancient canoes were used
by early South Pacific peoples to navigate to new
lands.
(a) Find out what they are and how they were used.
(b) How big are they and what would they weigh?
(c) To what types of boats were they attached?
(d) How many people could fit into these boats

13 What and where is the Chart Lateral Datum?

at once?
(e) How did they provide for themselves on long
journeys?

Study assignments
1. Find out about Kay Cottee, the first lady to singlehandedly circumnavigate the earth. If you write to:The Editor, Sistership, PO Box 1027, Crows Nest,
NSW. 2065., you can buy a copy of an account of
her history making voyage.
2. When were South Pacific islands first inhabited?
Write a series of short paragraphs on the discovery
of any island.
3. In the Pacific, many different cultures came from
many different islands or groups of islands. How did
these early navigators know where to go? What
instruments did they use?
4. What methods of navigation are used by tribal leaders today? Have they changed and if so, how?
5. Are the stars still used to navigate in South Pacific
Island villages or in the Torres Strait
Islands?

Using set squares, paraflex rulers or Douglas protractor instead of parallel rulers

What to do - set squares
1. Fold the piece of paper in half and cut out two right
angled triangles
2. Now arrange the right angle triangles so that the
bases slide over each other. Notice how these two
sides (hypotenuse) are always parallel to each
other. Draw a series of oooooo on the side and
xxxxxx on the base so that when these match up, the
hypotenuse slide parallel.
3. Now move one of the triangles to a new position so
that the hypotenuse are in a new position and test
your parallel rulers on a chart.
You can of course buy two 45 degree x 45 degree set
squares.

o

o

o

o

o

o

o

o

o

The hypotenuse
will always remain
parallel

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Wet Paper
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o

o

o

x

Fig 14 From old Pacific Island canoes. What did these look
like and how were the voyages conducted?

Fig 15 Using set squares as parallel rulers (After Klemm,
Pottenger, Speitel, Reed and Coopersmith 1990)
Wet Paper
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What to do - Douglas protractor
1. Observe the bearings of two or three offshore points.
2. Correct these bearings using the information previously supplied.
3. Draw bearings individually on the face of the protractor radiating from the centre.
4. Place the protractor on the chart with the centre grid and move the protractor around so the pencilled lines pass
through the observed points.
5. Mark the chart with the pencil point through the centre hole of the protractor to locate your observed position.

Fig 16 Using the Douglas protractor (After Sea Safety
1988 - Australian Government Copyright. Reproduced
with permission)

What to do - other equipment
The best advice is to follow the manufacturers instructions.

Charts and practice charts are available from:Boat Books at 109 Albert St. Brisbane 4000, 31 Albany St, Crows Nest , Sydney, 2065, 214 St Kilda RD. St Kilda,
Melbourne, 3182 or 9 Loftus St Leederville, 6009 Perth, stock these charts. Another practice chart 5169A is
available from Horwitz Group 506 Miller St Cammeray
Training video.
The Air Sea rescue at Mackay has produced a training video on Navigation. Address:- C/- Mackay Air Sea Rescue,
PO Box Mackay 4740.
Depth
1 fathom = 1.829 metres = 6 feet, 1 metre = 0.547 fathoms
References
Crtichley, R. (1991) Unpublished Teaching Notes, Bowen High School.
Tennant, D. (1991) Unpublished AYF Teaching Notes.
Neil, I. & Young, J. (1989), 'Safe Boating in Australia - A handbook'. TAFE NSW. Level 14, McKell Building, Rawson
Place. Sydney.
Nicholas, W. (1991) Unpublished Teaching Notes. Rochedale High School.
Sea Safety for Small Craft. 1988. Teki Dalton (Ed). Australian Government Publishing Service. Canberra.
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Chapter 7
Tides and weather

Thelma Moffatt
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Content

Process

●

Weather patterns

●

Accurate analysis of a local synoptic chart

●

Tidal flow calculations

●

●

Air pressure, masses and their patterns affecting local areas

●

Tropical revolving storms

Observing and recording local weather
conditions using simple instruments such
as thermometers, barometers, and wind
speed gauges

●

Significance of weather patterns

●

Make appropriate decisions involving prevailing weather

●

Extended use of tide book, rule of
twelfths, secondary ports)

●

Types of warning systems used to
alert the public of adverse weather
conditions

●

Cloud types, cover and changes over
a period of time

●

Local small ships forecasts applying
to a local area

National Powerboat Training Scheme
Topics
Tides
Rule of twelfths
Secondary places
Barometers and weather
Weather reports
Sea/wave conditions
Tidal information
Visibility
Skills
●

Scrap book of cloud photographs

●

Readings of weather instruments

●

Use simple instruments such as thermometer, barometer and wind speed
gauges
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Attitudes
●

Appreciation of value of understanding
and communicating weather conditions
to endangering life and property

●

Develop an empathy with those adversely
affected by weather disasters

●

Appreciate the difficulties associated with
navigating in varying weather conditions

●

Value the importance of the weather forecast
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Tides
Tides are the periodic rise and fall of the water on the earth’s surface. But
really does the water rise and fall?
Tides are actually one big wave caused primarily by the moon. The earth
spins into this wave and causes the water at the edge of continents to rise
and fall on a regular basis.
Australia and the islands of the Pacific Ocean are moving east into a large
standing wave. This gravitational attraction causes the water in the
Pacific to bulge up at one side. The nett result is a high tide on one side
and a low on the other with five hours and fifty two minutes in between.
Gravit
attrac ational
tion

tide
= high
crest
tide
Wave
= low
trough
e
v
a
W
California

Moon
Australia

Wavelength

Fig 1 Tides are one big wave
Wet Paper

The tops of waves are called crests and between these are the troughs.
The height of the wave is represented by (h) and the distance between
crests is called the wavelength.
Wave length

Crest

Amplitude
Wave height
h

On a chart the charted
depth is the depth of
water below the chart
datum. The sea level
at any particular time is
the height of water
above this chart datum.
The depth of water under the lowest part of
the boat is therefore the
height of the tide plus
the charted depth.

Trough

Fig 2 Wave characteristics
Wet Paper

Sea level at a certain time
Height of tide
Chart datum
Charted depth

Fig 3 Charted depths
Wet Paper
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DAY

Daily tides

NIGHT

Daily tides are caused by the position of the moon and the
rotation of the earth. There are five hours and fifty two minutes
between tides. A flood tide occurs when we spin into the tidal
bulge. A ebb tide is when we spin out of it.

Low tide

High tide

High tide

EARTH

Low tide

Fig 4 There are fours tides in a day as the
earth spins through the tidal bulge caused
by the moon
Wet Paper

This difference in height occurs because the earth spins through
two different heights of tide and is called the tidal range. One
height is higher because the point above the tide is directly
below the moon. The other height is caused by the earth’s
centrifugal force and is slightly lower. Also tides in the summer
are higher during the day due to the position of the earth in its
orbit around the sun. In fact there are over 52 variables that
control the tides. It is beyond the scope of this book to discuss
all, however we are going to consider three more. That is the
relative positions of the sun, earth and moon.
Spring and neap tides
Tides also vary over the month. If you plot the tides over a
month you will noticed a change in tide heights. If the tides for
a particular place are plotted over a month, results similar to
those shown in Figure 4 are obtained. A careful examination
shows that there are two high tides and two low tides in the
month. The high tides are called spring tides and the low tides
are called neap tides. These can be explained by considering
the relative positions of sun, moon and earth as outlined below.

Neap tide

Spring tide

Tidal bulge
Moon
Sun

Moon
Sun

Spring tide
Tide height

Fig 5 Spring tides occur
when the earth, moon and
sun are in line, causing
the greatest gravitational
attraction.
Neap tides
occur when the sun, moon
and earth are positioned
at right angles, and the
gravitational attraction
tends to be in opposition

Neap tide

Wet Paper

0

7

14

21

28
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How tides affect navigators
Tidal stream, and in some cases the longshore drift, is the horizontal
movement of water along the coastline. This results in tidal tips
which can vary from day to day according to sea conditions. A heavy
swell can produce a strong rip around headlands especially in the
middle of the tide when the earth is moving though the steepest part
of the tidal bulge. This is shown in Figure 6.

Headland

Relative tide strengths

Overfalls can occur as a tide moves over submerged rocks or reefs
causing the sea surface to become rough. If this is coupled with wind
blowing in the opposite direction, very rough sea conditions can
occur. "Wind over tide results in rough ride"

Headland

Tidal rips

Area of rip

Overfalls
ce
a surfa

Se

w
Tidal flo

Sea bed
Fig 6 Aspects of tides around
headlands and overfalls (After AYF
TL3 course notes)
Wet Paper

Fig 7 Aspects of the tide (Illustration courtesy Department of Transport)

Example from AYF TL3 notes

The rule of twelfths

"If the tidal range is 6 metres and it is desired
to find out how much the tide has fallen 3.5
hours after HW, an approximate answer is
as follows:-

This rule is used as a guide to determine tidal height. Because the
wave that the earth spins through is not symmetrical, the rise and
fall of the tide is not equal. A simple rule has to be found to work
out how much water is under a boat at a certain time in the tide. This
rule is called the rule of twelfths because it divides the time and
height by 12. The formula works on the tidal range.
• In the first and sixth hour of the tide the height will drop by 1/
12
• For the second and fifth hour of the tide the height will drop
2/12
• During the third and fourth hours it will drop 3/12

In the first hour
The tide falls 1/12 x 6

= .5 metre

In the second hour
The tide falls 2/12 x 6

= 1 metre

In the third hour
The tide falls 3/12 x 6

= 1.5 metre

In the next half hour
The tide falls 1/2 x 3/12 x 6

= .75 metre

Total fall

3.75 metre

=
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This means the tide is dropping the greatest during the middle two
hours of the tide. Currents will be greatest then and skindivers and
surfers should take particular notice of this.
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Tidal heights at secondary places
Tide heights and
times are only
given for major
places along the
coast.
For other
"secondary"
places, the tide
heights and times
can be calculated.

At many small coastal towns the tide height has to be calculated from the
table for secondary ports. Inskip Point is a place some considerable
distance from Bundaberg in Australia. Lets work an exercise to see how
to calculate the high and low tides at this place on say 17 October.
Part A. Calculating the time and heights for tides at a standard port. Draw
up a table like the one opposite and copy down the tide heights and times
for the nearest port for part A.
Part B. Select a non standard port from your tide tables.
Secondary port times
1. Record the date and place in the table.
2. Look up the tidal planes for secondary places table in the tide book and
find the secondary port you are working with.
3. Copy the standard port times from part A.
4. Now find the average time differences from the tidal plane table and
write them in under the standard port times.
5. Subtract or add to find the times of the tides at your secondary port.
Secondary port heights
6. Now copy the standard port heights from part A.
7. Locate the ratio from column 9 for your secondary port.
8. Write this in your table and multiply each of the standard port values
by this ratio.
9. Find the adjustment constant from the table under column 10 and write
it in your table.
10. Add or subtract to compute your secondary port heights.

Fig 8 Tidal planes
for secondary
ports (Illustration
c o u r t e s y
Department of
Transport)
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Fig 9 Tidal planes for secondary ports (Illustration courtesy Department of Transport)
A. Times of high and low water at standard port
Place
Date

17/10/93

Marine Studies Copyright Wet Paper 2014

Time

Height

0036
1002
1621
2213

-0.14
2.85
0.13
2.15

B. Times of high and low water at non standard port
Times

Place ______________
Date ______________
Standard port times
Average time difference

(From Table 2 Columns 2&1)

Secondary port times

Low
Hours mins

High

Low

Hours mins

00 36 10 02
35 + 10
03 01 10 12

Hours mins

High
Hours mins

16 21 22
- 35 +
15 46 22

13
10
23

Heights (in metres)

Low

High

Low

High

Standard port heights from A
Ratio
.8

-0.14

2.85

0.13

2.15

(From Table 2 Column 9)

-0.11

2.28

0.10

1.72

Adjustment

+0.47

+0.47 +0.47

+0.47

(From Table 2 Column 10)

Secondary port heights

0.36

2.75

0.57

2.19

0830
C. Height of the tide at a given time _________
Hours

minutes

Time required

10
8

12
30

Approx. hourly Interval

1

30

Nearest H.W.

PLACE Inskip Point

Fig 10 Sample worksheet (Courtesy Geoff
Waterhouse, Kawana Waters State High)

Standard port times and heights

Bundaberg

DATE

17/10/93

TIME

0830

Metres

Nearest high water
Nearest low water

2.75
0.36
2.39

RANGE

Height from Graph 1 or 2

0.58
2.20

0830
HEIGHT AT _________

2.78

Height of low water
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Part C Height of tide at a given
time
11. Write the date, place and time
you want in the spaces provided.
12. Find the nearest high water time
and copy to the first table.
13. Now copy its corresponding high
water into the table to the right.
Copy also the nearest low water
and subtract to find the RANGE.
14. Write in the time you want and
subtract to find the approximate
hourly interval.
15. In the last box in the table write
the height of the nearest low
water.
16. Go to the graph whose range
most suits your area. Find the
hourly interval on the x axis and
read up till you find the RANGE
you calculated. You may have
to approximate the graph.
17. Now read to the Y axis and read
the height to be added to low
water.
18. Add the two and there is your
height at the time you want.

Weather
based on original text by Bruce Heyer Gympie State High School
In this section we are going to look at weather, what weather is, and the
methods of monitoring it. We will also look at how the weather affects
our weekend boating.
What is weather?
Weather is the state or condition of the atmosphere at a particular time
in a particular place. Weather changes from minute to minute and can
be different even a kilometre away. We can describe weather in terms
of the temperature, amount of precipitation, wind speed and direction,
atmospheric pressure, clouds and humidity. We can also describe
weather to each other in casual descriptions or by precise weather
forecasts.
A casual description for say Saturday , 2nd February is as follows:Saturday was a pleasant day, not very cold. In the late afternoon
between five and six o’clock there was a storm. The wind blew first from
the north east and then from the south west with the path of the storm.
There were papers and leaves caught up against fences. We saw the sun
intermittently on Saturday.
The weather bureau may give a more precise description as follows:Saturday, 2nd February. Warm, some cloud cover with a storm in the
late afternoon from the South West. North Easterly winds 10 - 15 knots.
Temperature maximum of 29 degrees C and a minimum of 19 degrees
C.
Newspaper reports on the days weather usually are of the ‘Precise’ kind
and most time are accompanied by a surface chart.
Predicting the weather
A prediction is a description of future weather. Remember that weather
predictions are just that, a prediction. A prediction is a description of
what is likely to happen. You might be surprised to learn that the
Weather Bureau is right 79 % of the time. As well as the regular weather
broadcasts, warnings of imminent bad weather are broadcast from radio
and television stations.
Most times such broadcasts are preceded with the now familiar wah!
wah! signal. The ‘Weather Alert’ system is fairly new, but worthwhile.
A weather alert receiver is similar in size to a calculator. It receives a
signal and presents an audible alarm and a liquid crystal display of the
latest weather information.

Fig 11 Some weather symbols
Wet Paper
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Although this will be of benefit to weekend boat users there are still gaps
in the service along the Australian coast. The information is transmitted
by co-operative radio and TV stations and Coast Guard on the VHF
frequency.
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Surface charts
A surface chart is a coastal outline that shows no geographical
information apart from capital and major cities. The chart has a
number of wavy lines drawn on it. These lines are isobars. On
the map of Australia below the isobars are quite clear. Isobars
are lines that join places of the same atmospheric pressure.
Atmospheric pressure controls the movement of air. Air
moves from areas of high pressure to areas of low pressure. The
resultant movement is called wind. The arrows on the chart
indicate the direction of the wind. Winds blow out of highs
anticlockwise, and into lows clockwise. On a surface chart high
pressure areas are marked H and low pressure areas are
marked L. Wind speed is measured in either knots (on the sea)
or kilometres.

Fig 12 More weather symbols and sample chart for questions below
Wet Paper and BOM

1. Can you see the two cold
fronts?

A surface chart from the Bureau of Meteorology will show the
origin i.e. Adelaide and the time and date viz. 3 pm Oct. 8. It will
also show a legend indicating the meaning of symbols used on
the chart.

2. Is there a warm front?

Fronts

3. What is the atmospheric
pressure at Sydney?

A front is indicated by a line with either points or knobs along
it. A front is formed when a body of air of one temperature meets
a body of air of another temperature. There are two cold fronts
marked on the chart above. Cold fronts occur when a cold air
mass invades an area occupied by warm air.

Review questions
From Fig 12

4. What direction is the wind
blowing at Broom?
5. What strength is the wind at
Esperance?
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Cirus
Cirus

Col

d fr

ont

Alto stratus

Cold air mass
Small cumulus

Moving this way
Warm air mass
Fig 13 Cold front
Wet Paper

Figure 13 shows the weather conditions which usually occur when a cold front moves into an area occupied
by warm air. High clouds are often the first sign that a cold front is approaching. As the front gets closer
altostratus and altocumulus (middle height) clouds may be seen. These clouds are typical of slow moving
cold fronts. Fast moving fronts have cumulus and cumulonimbus cloud formations.
As the front approaches and passes over, you may notice:
• low clouds, nimbostratus, cumulus and cumulonimbus
• rain (thunderstorms often occur)
• change of wind direction
• drop in temperature
• generally an increase in relative humidity
Vacuum
Scale

The variation at the
top is read here

Mercury filled tube

Atmospheric pressure

Tank of mercury

Fig 14 Principle of a barometer

Once the cold front has passed, the rest of the cold air mass
moves over the area.
When this happens the weather usually becomes cool and
clear. A warm front forms when a warm air mass moves to an
area occupied by a cold (or less warm) air mass. Warm fronts
are quite rare over Australia.
Atmospheric pressure
Atmospheric or air pressure is the weight or mass of air
directly above a certain point. Atmospheric pressure is
measured with a barometer. Because air density is affected
by temperature the result obtained when measuring the weight
or mass of the air varies. In an area that is hot and arid the
pressure is usually (not always) lower than in an area that is
wet and cool.
The differences in air pressure from one place to another
causes movement towards the low - wind. A mercury
barometer is very accurate but not very practical. Why do you
think this type of barometer is not considered practical?
A more practical method of measuring atmospheric pressure
is to use an Aneroid barometer.

Wet Paper
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A barograph is a barometer that is integrated with a clock-work revolving cylinder.
This instrument gives a permanent hard copy of the pressure variations over a 24 hour
period.
Barometers have been refined and made perfectly mobile. Their refinement is so great
that they are installed in aircraft, and with a modified scale are used as an altimeter.
If you buy a barometer the reading may not be accurate for your area. To adjust its
accuracy take it to a weather observation station, usually a Post Office, and adjust it
to match the barometer there.

Hard copy

Barometer

24 hours
Revolving cylinder

Fig 15 A barograph
Wet Paper

The Aneroid barometer measures atmospheric pressure in
millibars with a small needle sweeping over a dial. There is another
needle that can be moved by hand. By positioning the adjustable
needle over the measuring needle we can observe change and by
noting the time at each reading we can observe the rate of change.
A fall in pressure usually indicates stormy or unsettled weather
approaching. A rise in pressure usually indicates fine or fair
weather approaching. Changes of less than 7 mb over a 24 hour
period should be disregarded as should the words ‘Stormy, Rainy,
Changing,’ etc. that may appear on some barometers.
Fig 16 Aneroid Barometer (Photograph
B. Heyer)

Cover glass

Pointer

Hair spring

Drum
Chain

Scale
Curved spring

Fig 17
Principle of a aneroid
barometer

Evacuated box
Lever

Wet Paper
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Glass tube

Fine capillary
tube
Mercury expanded
into capillary

Temperature
Temperature is a measurement of the hot or cold state of the air. A
number of different types of scales have been used over the years but
those most used are Fahrenheit (F) and Celsius (C) (Centigrade). The
Fahrenheit scale is used in USA but most other countries use Celsius.
Celsius has one hundred divisions between freezing and boiling points
of water.

Mercury
reservoir

0 degrees Celsius = water freezing point
100 degrees Celsius = water boiling point
An instrument used to measure temperature is called a thermometer.
It has a reservoir of mercury or alcohol (coloured) and a fine capillary
into which the mercury or alcohol expands. The expansion is read off
in degrees.

Fig 18 Thermometer
Wet Paper

Min

Max

A maximum and minimum thermometer is used to measure the
highest and lowest temperature for the day. The mercury pushes a
minute slug up the capillary indicating the maximum or minimum
extent of the heat or cold of the day. The slug has a small piece of steel
wire incorporated to stop it from falling with the mercury. A magnet
is used to return the slug to the top of the mercury after each reading
is taken.

-20

60

-10

50

0

40

10

30

20

20

30

10

40

0

50

-10

Fig 19
Maximum & Minimum
Thermometer
Wet Paper

50

Humidity refers to the moisture content of the air. Humidity is
measured by using an Hygrometer or wet and dry bulb thermometers.
Two thermometers are hung side by side. The bulb of one is covered
with a wet piece of gauze cloth which is kept wet by dipping the end
in a small reservoir of water.
The wet bulb thermometer will usually give a lower reading than the
dry one. This is because evaporation from the cloth keeps the bulb
cool. If the air is very dry the rate of evaporation is high and the
difference between the two readings will be large. If the moisture
content (humidity) is high, the rate of evaporation will be low and so,
the difference between the two readings is lessened.

40

30

20

The moisture content of the air is usually expressed as a percentage of
what it could possibly hold at that temperature. See table. If the
temperatures are the same the dew point has been reached. Dew, mist
and fog will form if the temperature falls below that of the dew point.
Can you explain why fog forms in valleys on a cold morning?

10

0
Dry bulb

Humidity

Wet bulb

Water

Fig 20 Wet bulb thermometer
Wet Paper
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Stephensons Screen
Weather observation instruments should be housed in a special structure
called a Stephensons Screen. This ensures that the local environment
of the instruments is similar each day. The Stephensons Screen is a
double louvred box painted white, located 1 metre from the ground
over a grassed area.
Marine Studies Copyright Wet Paper 2014

Fig 21 Relative humidity table courtesy Comm.. Gov. Weather Service

Fig 22 Stephensen Screen and instruments (Photos B. Heyer)

There is a roof over the top of the box that has an air space between
the roof and the box. The access door should face south to prevent
the sun shining on the instruments when the door is open and perhaps
leading to inaccurate readings being taken.
Precipitation
Precipitation includes all types of moisture that comes from the air.
This would include rain, hail, sleet, snow and dew. This precipitation
is collected in a rain gauge. A rain gauge is a container with a funnel
top. The water collected is poured into a measuring cylinder.
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Rain is measured in millimetres. The measuring cylinder has
its graduations larger than normal. Each millimetre is larger in
the same proportion as the diameter of the gauge is larger than
the diameter of the measuring cylinder.

Rain
guage

Measuring
cylinder

Fig 23 Rain gauge and measuring cylinder. Why is the measuring cylinder smaller in diameter than the gauge?
(Photo B. Heyer) , Illustration Wet Paper)

Clouds
Changes in the sky can foretell rain. Therefore it is useful to be able to
recognize the more common types of clouds and know what they mean.
The six diagrams below show the
types of clouds. Their names and
colours are given below. Copy
the diagrams into your notebook
and colour them lightly making
comments about each.

1

4

1. Cirrus wisps of white in a blue sky
2. Cumulus cream and yellow tops
and grey bottoms
3. Stratus dark grey layers which
cover much of the sky

2

5

4 . Nimbus grey and black
5. Alto Cumulus cream and white
6 . Cumulonimbus yellow at the top
and grey underneath

3

6

Wet Paper
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Fig 24 Cumulonimbus (Photo B. Heyer)

Foretelling weather
Forecasters generally agree that:• A long period of wet weather is almost certain if the clouds
appear in the order: cirrus, alto cumulus, stratus and nimbus.
• The cumulonimbus cloud is present in showery weather,
particular thunderstorms.
• Cumulus clouds are fine weather clouds. They develop
during the day and, in the evening, they flatten out and are
often coloured purple by the sun.

Wet
Fine

Rain approaching

Fig 25 Cloud types and weather
Wet Paper
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Cloud cover
The amount of sky covered by clouds is called the
cloud Cover. It is measured in eights. The diagram
opposite shows 2/8 of the sky is covered by cloud.

Wet Paper

Wind speed
Wind speed has a great effect on the way we live. It would not
be pleasant living in an environment of high wind but we have,
particularly in the past, used wind to great effect. The Dutch
used wind to pump water from their low lying land. The
Australian graziers have used wind to pump subterranean water
to the surface. All shipping, until relatively recently in our
history, relied upon wind for propulsion. We can measure the
speed of wind but we cannot control it and wind at high speed
is, to say the least, detrimental to our society.

Light weight marker
being lifted by air
pressure

Wind
Anemometer

Fig 26 Anemometer (less accurate scale)
Wet Paper

Anemometer. An instrument to measure the speed of wind is
called an anemometer. An instrument to indicate the direction
of wind is called a weather vane. An instrument that measures
and records both of the above is called a anemograph. The
simplest anemoter is a clear plastic tube held vertically with an
opening at the bottom turned into the wind. The pressure of the
wind lifts a cylindrical marker or ball up the tube where the
wind speed can be read from a scale on the tube. This type of
instrument can be 10% inaccurate but is popular because of its
low cost.
Construction. Use a piece of clear plastic hose and a styrobead
to make your own anemometer. A very accurate anemometer
incorporates four air scoops driving a small generator. The
current generated is measured with a galvanometer and the
wind speed is read from a modified scale. Most accurate
anemometers are of this type.

There are many types of weather
observation equipment used and
displayed in different ways.
Balloons are used to gather information from high in the atmosphere. Buoys that are free drifting
in the oceans gather information
on currents, water temperature
and atmospheric pressure.
The buoys are tracked by satellite, the information retrieved and
relayed back to the ‘met’ office for
analysis.

Air scoops

Galvanometer

Knots

Generator
Connecting wire

Pole or mast

Fig 27 Anemometer (more accurate scale)
Wet Paper

176 Chapter 7 Tides and weather

Marine Studies Copyright Wet Paper 2014

W

A weather vane is undoubtedly the world's oldest weather observation
instrument. It consists of a pointer which is free to rotate and point
into the wind. The points of the compass are usually displayed below
indicating the direction from which the wind is blowing. For most
of the time wind speed does not change our daily life but for people
who rely on the sea for their income, speeds of 25 knots or more can
mean no income. Wind changes the surface condition of the sea and
its appearance can be used to judge the wind speed.

N

E

S

Generator

Pole or mast

Weather vane

Fig 28 Weather vane
Wet Paper

Kts

Most boating people have realised
that there is a connection between the
strength of wind and the size of waves.
The further the wind blows over the
water the more effect the wind has on
the waves.
This distance is known as the fetch
and is discussed later in Chapter 12.
When the fetch is large i.e. 1500 miles
the swell builds up also. It is possible
then, to have 1 m swells 50 m apart
with 1 m waves on top of that.

0
1
4
7

km/hr

Wind scale
Description

Observation

Force

- 1
- 3
- 6
- 10

0 - 1
1 - 5
6 -11
12-19

Calm
Light
Slight breeze
Gentle breeze

Smoke rises vertically
Smoke shows direction
Leaves rustle
Extends flags, twigs move

0
1
2
3

11-16
17-21
22-29

20-29
30-39
40-49

Moderate breeze
Fresh breeze
Strong breeze

Raise dirt & paper, small branches move

Small trees sway
Large branches move

4
5

28-33
34-40

50-59
60-69

Moderate gale
Fresh gale

Trees sway
Twigs break

41-47
48-55

70-84
85-100

Strong gale
Gale

Building damage
Uproots trees

53-63
64-71

101-120
102+

Storm
Hurricane

Wide damage
Much damage

6
7
8
9
10
11
12

Fig 29 Scale of wind strengths, conditions and observed inshore effects
Wet Paper

Land and sea breezes
Sea and land breezes are caused by simple convection. During the heat of the day the land warms
easier than the sea. The air above the land warms, and becoming less dense, begins to rise. The air
above the sea, being cooler and more dense replaces, the air that is rising. During the cool of the
night the land cools faster than the sea. The air above the water, being warmer than that above the
land, begins to rise; and the cooler air moves seaward to replace the warm air as it rises.
Morning

Warmer

Land breeze

Cooler

Afternoon

Cooler

Sea breeze

Warmer

Fig 30 Land and sea breezes
Wet Paper
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Weather stations
Unmanned Automatic Weather Stations, Radar and Satellite Photographs
are married with information from manned station throughout the world to
give us a prediction or forecast of tomorrow’s weather.
How would the ocean’s water temperature and currents affect our weather?
Boating & Weather
When we go boating we usually look for fine clear weather for fishing and
power boating, however we look for some wind if going sailing.
Refer back to the weather chart and you will find that when the isobars are
wide apart the wind speed is low and when close together the wind speed
increases. You will also find that usually high pressure areas produce less
wind.
Storms usually work up during the day and are easily picked by towering
cumulonimbus cloud. If these develop when you are boating some distance
offshore, go home.
Particularly nasty storms show an anvil lead. Be very careful of these.

Anvil head
Cumulonimbus
Nimbus

Wind
Fig 31 Development of anvil head
Wet Paper

In Australia, Neil and Young ( 1989)
report that, "poor horizontal visibility
at sea level is generally the result of
rain or occasionally hail. " and conclude that there is little fog. However the advice given in Chapter 3 in
rule 35 on poor visibility should be
followed.

Definitely go home if you see one of these approaching. The
wind usually blows into the storm and the taller the head the
more violent the storm will be. When you are boating whether
for the day or a month listen for weather reports during your time
on the water as well as before you leave.
Visibility
Visibility is reduced at sea by wind, rain, fog and wave spray. In
larger vessels a clear view screen is mounted in the vessel's
wheelhouse.
This consists of a spinning piece of glass which deflects water
spray as the vessel travels through the sea. Extreme care should
obviously be exercised in conditions of limited visibility.
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Weather reports
Weather forecasts
Search and rescue groups broadcast
weather forecasts at regular intervals
on radio channels. Chapter 8 gives full
details about Marine Communications.
Telecom also has recorded boating
weather information.

Official Bureau of Meteorology Weather Reports include storm
warnings, coastal weather forecasts by radio, recorded boating
weather, weather reports on ABC and commercial radio stations
as well as television stations and newspaper. Today inexpensive
weather alert systems give up to date information on sea
conditions. As the weather bureau records changes in the
weather, that information is relayed through a computer system
to transmission towers, where it is beamed on VHF frequency
to all.
Sample printout

Fig 32 Weather alert
system (courtesy
Hanimex Australia)

Marine Studies Copyright Wet Paper 2014

Chapter 7 Tides and weather 179

Weather faxes are an invaluable guide to mariners at sea as
they can give early warnings of bad weather. Because of the
dependence of small boats on the weather, the Bureau of
Meteorology issues special forecasts for pleasure boating. The
forecasts provide details of expected wind and state of sea, and
the Bureau implements these with special warnings of strong
winds as necessary. The Bureau issues warnings for likely
strong winds whenever average winds exceeding 25 knots
(Force 6 range on the Beaufort Scale or 50 k.p.hr.) are expected.
A cyclone is really a complex low
pressure system with high winds and
driving rain. A combination of weather
factors cause this. Summer sun beating
on the warm ocean evaporates water,
creating deep layers of moist air. The
uplift of this moist air in the centre of a
low cools it, causing the intense rain
characteristics of tropical cyclones.
High in the atmosphere, the rising air
spirals outwards, removing air faster
than it flows inwards at low levels. The
result is a falling barometric pressure.
Some of the signs of an approaching
cyclone are:1.

Barometer falling fast, to an
exceptionally low reading.

2. A marked heavy ground swell. This
is quite different from normal swell
conditions.
3. A distinctly lurid appearance about
the sky in the direction of the storm.
4. As the storm approaches, there is a
marked shift in the direction of the
winds as well as increasing wind
force.
5. A distinctly howling wind - these
winds are quite distinctive.

These warnings contain details of the expected direction and
speed of the wind and an indication of future developments.
When the average wind force is expected to exceed 34 knots
(Force 8 or 65k.p.hr) or to reach or exceed 48 knots (Force 10
or 100 k.p.hr), gale or storm warnings are issued. On receipt
of these reports the information is plotted and analysed, synoptic
charts drawn up showing the current weather picture, and
forecasts compiled of expected conditions. Forecasts are
issued to the press, radio and television for publication and
broadcasting and are also available over the telephone dial-in
service. Forecasts tend to get “stale” and out of date and for this
reason the Regional Offices revise their forecasts throughout
the day and pass this latest information to radio and television
stations for speedy dissemination to the public.
Most
commercial and national radio stations broadcast weather
forecasts during or near news sessions during the morning,
afternoon and night. Some stations broadcast weather
information every half hour.

Cyclones or low pressure warnings
In the tropics cyclones occur each year in the summer months,
and in the southern states, low pressure systems stream across
the continent with great speed.

BOM

Fig 33 The anatomy of a cyclone.
Wet Paper
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Storm surges

Cyclone warnings
In many Pacific countries there is a cyclone season. Cyclone warnings are
given over the radio. The warning message contains information on the severity of the cyclone in terms of winds and
tides. .

A storm surge is often associated with a cyclone. It is caused by
a combination of low pressure and cyclone winds piling sea
water up against a sloping coastal shelf to produce a tide above
predicted level. Water near the coast can rise because there is not
as much pressure on the water compared with a high pressure
situation. This causes the water to rise. Winds also blowing for
a long time in the one direction also pile up the water on the coast.
The rising water floods inland over low lying areas normally
above tidal influence. It can cause massive beach erosion and
thousands of dollars damage to coastal resorts.

Sailing directions
These give details
about local navigation
marks, details of entrances to ports, particular features of
coastlines, locations
of boat ramps, facilities, powerlines, prohibited anchorages
and many other useful pieces of information.

Figure 34 reproduced courtesy
Dept. of Transport
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Tide exercises and activities
Activity 1 - Daily tides
Each day there are two high and two low tides.

You will need
1. A sheet of graph paper
2. Copy of a tide book page (page 95)
3. Your teacher’s help if you have
forgotten how to plot graphs

What to do
Plot the tides for any chosen day. Use half the sheet of graph paper to do this and make the x axis time and the y axis
height.. Make sure you work out the ranges for each scale and if you are unsure, ask your teacher to help you with the
scales. Questions to answer How many tides are there in a day? Is the tide height the same for each? Is one high
tide higher than the other for the day?

Activity 2 - Tides over a month
You will need
1. A sheet of graph paper
2. A sheet for the tides (page 95)

What to do
1. Select a port which shows the tides over a month.
2. Study the tides and plot these on a sheet of graph paper using appropriate scales.

Questions to answer
1. Mark on the graph the spring tides and the neap tides.
2. What dates are the spring tides and how high are they?
3. How often does the cycle change?

Activity 3
1. Obtain a Thermometer, Barometer, Weather Vane, Psychrometer (wet and dry bulb hydrometer), and learn to
take measurements.
2. Make up a small ship's forecast.
3. Go to a Radio Station and see how forecasts come in from the Weather Bureau and are broadcast?
Assignment

Reading Weather Maps A Class Activity

This assignment is based on the collection and analysis of
weather maps over a number of days and is based on an
original idea by the Department of Education - Reproduced with permission.

After this activity students should be able to:

Either
Collect a series of weather maps and draw up a table of
corresponding sea conditions or Prepare a seminar
based on the suggestions given for the overlays for the
overhead projector

*

observe the daily change in the weather pattern as
recorded on weather maps

*

use weather maps to determine wind speed and
direction

*

infer that wind speed is high when isobar lines are
close together

*

infer a general west to east movement of pressure
systems

*

use weather maps to make predictions of local wind
speed and direction

*

hypothesise that winds blow in a clockwise direction
around low pressure systems and in an anticlockwise
direction around high pressure systems

or
Collect a series of weather maps and make a series of
predictions for a town 100 kilometres from your school.
You may like to use the school phone to check on your
predictions.
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Part A: Movement of Pressure Systems
*

Have students collect weather maps from newspapers for five consecutive days and paste them in
order in a note book or on a sheet of cardboard.

*

You may find it useful to make daily OHP transparencies of these weather maps.

*

Once the maps have been collected, refer the students to the first one in the series. If you have made
the suggested transparencies, project the outline of
Australia and the first overlay onto the screen.

*

Explain that a weather map shows the distribution of
atmospheric pressure over an area by means of a
series of lines called ‘isobars’. Define an isobar as
a line joining places of equal atmospheric pressure,
corrected to sea level. (Discuss why readings are
corrected to sea level. Point out that it is necessary
to do this for comparison, because air pressure
decreases with height).

*

*

The next step is to use the sequence of weather
maps to track the daily movement of a pressure
system. Point out a pressure system near Western
Australia and have the students find it on their first
map. (The high pressure system marked in the
diagrams would be a good one to pick since its
movement on subsequent maps shows the general
west to east movement of pressure systems).
Now have the students look at the second map in the
series and find the same weather feature. (Replace
Monday’s overlay on the OHP with Tuesday’s.)

*

Discuss the direction of movement of the pressure
system.

*

Have the students find the same weather feature on
subsequent maps and note again the direction of its
movement.

*

Ask them to find other weather features on their
series of maps which also display this general west
to east movement.

Part B: Wind Direction and Speed
Draw the students’ attention to the wind symbols, usually
included in a legend at the bottom of each weather map.

pressure system. They should observe that the wind
moves in a clockwise direction about the low pressure system.
*

Have the students check the wind direction around
other low pressure systems on the same map and
then on the other maps.

*

From their observations lead students to formulate
the hypothesis that winds always blow in a clockwise
direction around a low pressure system.

*

Discuss with the class how this hypothesis could be
tested. One way is to collect as many different
weather maps as possible and have the students
check each of the lows.

*

A similar hypothesis is possible for the direction
winds circulate around a high pressure system. This
time, however, the wind moves in an anticlockwise
direction.

Part C - Predicting Wind Direction and Speed
From an analysis of weather maps students should have
now found that:
(a) pressure systems move from west to east;
(b) winds move in a clockwise direction about a low
pressure system;
(c) winds move in an anticlockwise direction about a
high pressure system; and
(d) winds are strong when isobar lines are close together.
These four pieces of information can now be used in
conjunction with a current weather map to make wind
speed and direction predictions.
1. Note the pressure system close to your location. (If you
live in Brisbane, for example, the important feature is the
‘high’ in the Tasman Sea).
2. Winds circulate in an anticlockwise direction around this
high so in Brisbane the winds should be from the northeast. This can easily be checked by direct observation.
3. The isobars are not close together so the winds are not
strong.

*

Have them find a place marked calm on one of their
maps.

*

Point out to the class that the long line of a wind
symbol points in the direction the wind is blowing
while the tail indicates the speed of the wind.

4. To predict wind direction and speed for the next day it
is first necessary to imagine that the pressure systems
have moved eastwards. (Note that it takes a pressure
system about five days to cross Australia. Refer to the
high on the OHP transparency isobar overlays). The
predicted map would be like this one:

*

On the map, select a location where the wind speed
is high and have students compare the isobars near
this location with those close to a calm location.
From their observations students should infer that
wind speed is high when isobars are close together.

5. From this map it is possible to predict the wind speed
and direction for the following day. Winds will come from
the south-east and will remain about the same strength.
Winds circulating around the ‘high’ are strong northwesterlies in Brisbane.

*

On one of the weather maps select a low pressure
system on which wind symbols can easily be recognized. You may wish to display the map outline and
corresponding isobar overlay on the OHP. Have the
students describe the wind direction about this low

Sometime in the next 24 hours, the cold front will pass
through Brisbane and in doing so will cause winds to ease
in strength and blow from the south west. Encourage the
students to use weather maps to predict wind direction
and speed for the next day.
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Revision questions
1. How do clouds form?
2. What is the dew point?
3. Name four important cloud types
4. What is a front?
5. Draw a labelled diagram of a cold front
6.

Draw a labelled diagram of a warm front

7 . What are 5 signs associated with cyclones
8. What is the difference between a high pressure and a low pressure system and
draw a sketch of a cyclone.
9. Recall the main functions of the structure of the atmosphere
10. Recall the main features of a weather map
11. Interpret the meaning of the following on a weather map: Trough, Front, High,
Low, Depression, Isobars, Rainfall, Jet Stream, Millibar
12. Make simple predictions from a location map e.g. cold, hot, windy, humid
13. Use a Thermometer, Barometer and Hydrometer
14. Recall 5 cyclone or low pressure warning signals
15. Describe some sea conditions
16. Describe the formation, structure, movement of air associated with a cyclone.
17. You will be expected to apply the knowledge you have gained in this topic to new
situations.

Study assignments
1. Why are the Trade Winds important?
2. Of what significance are the DOLDRUMS, WESTERLIES to mariners?
3. Make a poster of the various cloud types.
4. What is the Marine Operations Centre in Canberra? What role does it play in
Maritime emergencies? Write to them and see what publications they have.
5. Distinguish between Cyclones, Hurricanes and Typhoons.
6. Distinguish between Tornadoes, Willy-Willies and Water-spouts.
7. Distinguish between Troughs and Ridges.
8. What is a Line Squall
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Photograph courtesy OTC Maritime

Content
●
●
●
●
●
●
●
●
●
●
●
●

Process

Appropriate means of communication
in enclosed or open waters
Visual, radiotelephone, verbal, siren
or whistle systems
Frequencies reserved for distress calls
Diving or international code A flag
Meaning of term E.P.I.R.B.
Procedures used in transmitting/receiving priority signal
Radio licencing and exam
Radfone, seaphone/telegram services
Satellite services
Trouble shooting
Australia radio network
Search and rescue procedures

Describe radio transmission procedures,
involving common frequencies, transmission periods, etiquette, local standard
words
Describe the use of the following standard radio transmission equipment - basic
theory, components, Am, SSB, VHF capabilities and limitation of radio telephony
Discuss use of radio messages for particular situations
Explain the reasons for always carrying a
radio on any marine craft
Discuss the use of standard words and
visual signals used in distress
Analyse a radio conversation detecting
errors and giving correct procedures
Discuss procedures in transmitting and
receiving PAN PAN or MAYDAY RELAY
CALLS
Discuss procedure in transmitting and
receiving PAN PAN and SECURITE calls
Discuss the use of lights in communication
Locate the position of the nearest radio
transmitter on a chart
Discuss local radio telephony bands and
their reserved use

●

●

●
●
●
●
●

●
●

Radiotelephone Ship Station Operators

●

Topics
Types of marine radio

●

Radio procedures
Distress signals, messages and implications
Urgency signals
Search and rescue
Skills
●
●
●
●

Attitudes
●
●

Use a radio to send a message using
the correct methods
Tune a radio to a particular frequency
Connect a battery to a radio
Check and clean radio components

●

Become aware of how effective communication at sea saves lives
Aware of the necessity for codes of
speech consistent with that of local
radio stations
The necessity for codes of speech
consistent with current government
radio regulations
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In an emergency at sea a vital link for being rescued or obtaining
assistance is a radio. For many it is a source of information, for
others a job but for some it may be the difference between life
and death. In this introductory course, we want to introduce you
to the various aspects of radio communication which will make
you more confident in using common marine radios.

Principles of radio transmission

The transmitter - in
which a generator
charged an aerial
about 50 million
times per second.

The receiver - an aerial
on which sparks were
observed. Energy had
moved through thin air.

Fig 1 The Hertz experiment

Hertz demonstrated that if the sub atomic particles in the generator
called electrons could be made to accelerate rapidly, radio waves
would be made. In his first experiments these electrons were
accelerated to 50,000,000 times a second. This was known as the
frequency of the transmitter.
In honour of Hertz scientists named the unit of frequency after
him instead of using the "cycles per second", and we now
abbreviate the frequency as Hz.
We now know that it is possible to generate radio waves of many
different frequencies over the radio spectrum. We can summarise
frequency as follows:100 000 Hz 1 000 000 Hz
100 kHz

1 MHz

10 MHz

100 MHz 1000 MHz

Low
frequency

Medium
frequency

High
Very High Ultra High
frequency frequency frequency

Fig 2 Today it is possible to generate radio waves which having different
frequencies. One megahertz is a higher frequency than one kilohertz,
which in turn is a higher frequency than one hertz.
Wet Paper
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In 1888 Heinrich Hertz designed an experiment to see if he could
send a message through thin air.

When a radio wave is absorbed by the aerial it produces a small
current which provides a signal for use by the radio set.
Radio wave

Transmitter

Wet Paper

Receiver

Base station

Fig 3 Principles of line of sight radio transmission
crest
wavelength

amplitude

trough

A radio wave is like a wave in ocean. It has a top (the crest) and
bottom (the trough) a height called the amplitude and a length.
A radio wave is usually called a carrier wave since it carries the
information to produce the sound for the radio. You could turn
the radio transmitter on and off in accordance with a recognised
code , such as morse code, and be able to convey information
from the transmitter to a receiver. In fact morse code
communications are widely used by large commercial vessels.

Fig 4 Wave characteristics
Wet Paper

Carrier waves

Power

Morse key

Transmitter

Wet Paper

Aerial

Fig 5 A diagram to show interrupted carrier waves (After Dawson 1991)

Because morse code is difficult to learn, information exchange
by radio between small vessels is usually conducted by
radiotelephony (voice signals by radio). To be able to transmit
voice signals by radio it is necessary to alter the carrier wave in
synchronisation with the speech information to be transmitted.
This is known as modulation.
188 Chapter 8 Marine communications
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Carrier waves may be modulated to carry speech information by
altering the size (amplitude) of the wave. This is known as
amplitude modulation (AM)

Carrier waves - note
that these have the
same amplitude

Modulated waves note the different
amplitudes

Fig 6 A block diagram of an AM speech transmission (After Dawson 1991)
Wet Paper

Carrier waves may also be modulated by small alternations of
their frequency (cycles per second or hertz). This is known as
frequency modulation. Both forms of modulation are used in
marine radiocommunications.
FM Frequency
modulation - note that
these have the same
amplitude but different
wave length.

Fig 7 FM modulation
Wet Paper

Some marine radio equipment is also capable of a slightly
different form of amplitude modulation known as single sideband
(SSB). It is sufficient to understand that use of single sideband
allows both the transmitter and the receiver to operate in a more
efficient manner and will often improve the chances of successful
communications under poor conditions or at extremes of range.

How radio energy travels through
space

Wet Paper

Dawson (1991) writes, "The theory of propagation, or how radio
energy travels through space, is a complex and difficult subject.
However, to appreciate and understand the capabilities and
limitations of your marine radio transceiver, a basic understanding
is necessary. When the radio frequency energy is radiated from
the antenna of our marine radio equipment it can travel through
space in two differing ways - ground waves and sky waves."

Fig 8 A radio is an essential piece of safety
equipment on a small boat like this
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"Ground waves travel over the earth's surface from the transmitter
to the receiver. They use up their energy quickly, particularly
when travelling over large land masses, and are therefore effective
for short range communications only."
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"Sky wave energy travels upwards at a wide range of angles until it
meets the ionosphere, which is that part of the earth's atmosphere that
lies between 80 and 350 kilometres above the earth's surface. As the
radio frequency energy meets these ionised layers, some of it is bent or
reflected back to the earth's surface. Sky waves travel much further
than ground waves before they lose their energy and make it possible to
communicate over very long distances."
Fig 9
Skywave and
ground wave
transmission
(After
Dawson
1991)
Wet Paper

Ionosphere

Sky waves

Ground waves

Earth

's sur

face

Transmitter

"There are many variables which affect skywave propagation. The time
of the day, the seasons and sunspot activity all substantially affect the
way the skywave energy will behave. Consequently, we need to have
available different channels or frequencies to suit the differing conditions
and the range of communications desired."
Propagation at VHF
Dawson (1991) continues, "There is no reflection of VHF radio energy
from the ionosphere. Consequently, VHF communications is by
ground wave only and is effective for short ranges only. As a general
rule, VHF communications are 'radio line of sight' which is slightly
further than visual 'line of sight'".
Propagation at 27 MHz
"For the majority of time, the 27 MHz skywave is not reflected back to
earth (similarly to VHF). Only ground wave communications are
possible resulting in similar ranges to VHF.
Islands or
headlands block
line of sight
transmissions

Limited
distance

h's
Eart

Island

Fig 10
Factors
affecting VHF
radio
transmissions

Line of sight transmissions
have limited ranges

?

surfa

ce

Satellite

Distance of radio
transmission can be
greatly increased by
satellite

Earth

Wet Paper
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Propagation at MF/HF
Reliable use can be made of
both the ground and sky wave
energy
components
permitting communications
both at short range and over
many
thousands
of
kilometres.

However under certain atmospheric conditions the ionosphere
will bend back the 27MHz skywave permitting communications
over hundreds or thousands of kilometres (popularly referred to
as 'skip') However ground wave communications form the only
reliable method of communicating frequency"

Marine radio equipment
Dawson (1991) has identified a marine system as being made up
of three major parts:• the antenna
• the transmitter and receiver and
• the power supply
What the transmitter and receiver do

What the antenna does
Dawson describes the
function of the antenna as
follows. "During transmission,
radio frequency energy is
radiated from the antenna.
During reception, it is the
device that gathers the radio
energy from space and
passes to the receiver.
Therefore the antenna will be
connected to either the
transmitter or the receiver
depending on whether
transmission or reception is
taking place. The change over
is effected by the press-totalk
button
on
the
microphone."

"The function of the transmitter is to turn our voice signals
spoken into the microphone into a form that can travel through
space over very long distances. It does this by producing radio
carrier waves. These carrier waves are then modulated with our
speech signals, increased in strength (amplified) and passed to
the antenna for radiation into space."
The function of the receiver as Dawson sees it, is "to select from
all the radio carrier waves received from the antenna only those
we require. These radio carrier waves are then de-modulated
which is simply the process to recover the voice information
which they are carrying. The voice signals are amplified and
passed to the loud speaker. It is normal with the marine radio
systems for the transmitter and receiver to be combined in a
single unit called a transceiver."

Antenna
Change
over
switch in
microphone
Earth
connection
MF/HF
equipment
(only)
Transmitter

Receiver

Earth

Wet Paper

Fuse
Battery

Fig 11 A radio uses its microphone switch to transmit and receive
(After Dawson 1991)
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What the power supply does
Note:An E.P.I.R.B. is not a
marine communications
system.
An operators certificate is
not required to operate a
27 MHz radio. The radio
must
however
be
registered with the
Department of Transport
and Communications and
the annual licence fee
paid.
An operators certificate is
required for VHF and MF/
HF sets

Damage to the radio can
also occur if transmission
is attempted without
connecting the radio
aerial. For best results
the radio should be tuned
to the antennae by a
competent
service
person.

The task of the power supply is to supply electrical energy to the
transmitter and receiver to enable them to perform their functions.
Batteries supply the most convenient form of power supply in
small craft.
Fuses located in the wiring between the power supply and the
transceiver protect the vessel and equipment from the likelihood
of fire should an equipment fault occur.

Types of marine radio
In Australia a station licence issued by the Department of
Transport and Communications is necessary before radio
transmitting equipment is installed or used on any boat.
Different frequencies have different uses which have resulted in
three main types of marine communication equipment. These
sets are:• 27 MHz sets
• VHF
• MF/HF
27 MHz Sets
27 meg sets are so called because all of their channels are in the
27 megahertz band. The range of these sets is between 6 to 30
nautical miles but this can be reduced if one station is behind an
island or atmospheric conditions are bad. All small craft are
advised these days to carry a marine radio as well as a small
transistor. Small boat operators can use these to:
• Obtain up-to-date weather forecasts
• Report arrival and departure times if going out to sea
• Listen to fishing details
• Communicate with shore stations and other vessels
• Listen to radio broadcasts advising of overdue vessels at sea
The radio is normally left on channel 88 to receive incoming
calls or monitor distress signals.
• 27.88 MHz is used for initial contact and agreement is made
which channel to change to other frequencies as follows:
• 27.86 MHz is a supplementary distress and calling channel
and is used to transmit safety messages.
• 27.90, 27.91 and 27.94 are the ship - shore - ship working
channel and is used by coastal stations to relay messages from
land to sea and back again.
• 27.96 is a ship - ship working channel for use at sea only.

Fig 12
GME.

27 MHz radio controls courtesy
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Since 27 MHz sets are extremely low power the quality of the
antennae is important. Poor performance of a radio can often be
attributed to a poor quality or badly adjusted radio antennae.
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VHF sets
Very high frequency sets are more expensive than 27 MHz but
have some advantages. The VHF sets are in the 156 megahertz
band and have a range of 15 to 20 nautical miles and sometimes
significantly greater.
The radio is normally left on Channel 16 to receive incoming
calls or monitor distress signals.
• Channel 16 is used for distress, urgency, safety and initial
calls.
• Channel 67 is a supplementary distress and calling channel
• Channels 72 and 73 are common ship-shore-ship channels
• Some 55 channels exist in this range and local rules between
ships and shore tend to apply with the local coast station.
These sets can be connected into the land telephone system and
hence the name seaphone service. They have an output of about
25 watts which can be switched to 1 watt when stations are close
together.
A radio operators certificate of proficiency is required to
operate VHF marine radios.
MF/HF radio

Fig 13 VHFdisplay and set (Courtesy
GME)

International distress and
calling signals on MF/HF
sets are:★ 2182 kilohertz
★ 4125 kilohertz
★ 6215 kilohertz
★ 8291 kilohertz
★ 12290 kilohertz
★ 16420 kilohertz
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These radios are so called because they operate in the medium
frequency (MF) and high frequency (HF) ranges. These sets
have the longest range and by far the greatest cost of all marine
radios. They also transmit the greatest power of up to 400 watts.
Ranges depend on the frequency band used:• 2 MHz or 2,000 kilohertz band - 100-200 nautical miles
• 4 MHz or 4,000 kilohertz band - about 300 nautical miles
• 6 MHz or 6,000 kilohertz band -about 1000 nautical miles
These are normal daytime ranges which are significantly increased
during the night. These
sets have all the
controls of the radios
discussed, but have a
clarifier control to fine
tune incoming signals.
2524 KHz is a popular
working frequency in
some areas.
A radio operators
certificate
of
proficiency
is
required to operate
MF/HF
marine
radios.
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Transceiver controls
Dawson has identified the following as general controls that are found on most, but not all, radio
transceivers.
Channel selector. This control is used to select the channel or frequency that you wish to transmit
or receive on.

●

On/off and volume control. Turns the equipment on or off and controls the volume of signals coming
from the loudspeaker.

●

Squelch or mute control. Stops the constant and annoying background hiss or roar from the
receiver. The correct setting is so that the hiss or roar just cannot be heard. Further rotation of this
control will progressively desensitise the receiver.

●

AM/SSB control. Found on all MF/HF transceivers and some 27 MHz transceivers. It controls the
mode of transmission and reception - either AM (amplitude modulation) or SSB (single sideband).

●

RF gain. Some transceivers have this control. It is used to vary the strength of the incoming signal,
similarly to the volume control. However it should normally be kept close to maximum and the volume
control used to adjust signals to a comfortable level.

●

Noise limiter. May be switched on to minimise the effect of loud static interference. Unfortunately,
it will also have the effect of desensitising the receiver to wanted signals.

●

Power selector. Controls the power of your transmitted signal. A good operator never uses more
power than is needed to successfully communicate with the desired station. Additional power will only
cause unnecessary interference and drain your battery faster.

●

Clarifier. Found on MF/HF or 27 MHz equipment that use the single sideband mode of transmission
and reception. It varies the tuning of the incoming (received) signal. Should the incoming signal be
difficult to understand then varying the clarifier control one way or the other should "clarify" that signal
and make it intelligible. This control has no effect whatsoever on your transmitted signal.

●

Antenna or aerial tuning unit. (A.T.U.) This unit may be built into the transceiver or provided as
an extra unit. It will be found only on MF/HF equipment. Its purpose is to adjust the "electrical" (not
physical of course) length of the antenna so that the antenna is matched to the transceiver on each
channel or frequency and maximum transfer of power can take place. The A.T.U. may have one,
two or three controls and will be provided with either a light or a meter. The control(s) should be
adjusted to give maximum brightness of the light or in most cases, maximum deflection of the meter
(Note:- on some models, the controls should be adjusted for minimum deflection)

●

Alarm signal generating device (A.S.G.D.) Found only on some MF/HF transceivers. Operation
of this control will cause the radiotelephone alarm signal to be transmitted. A 'test' position may also
be provided which permits the function to be tested without transmission.

●

Press to talk control. This spring loaded control is located on the microphone. When pressed, it
activates the transmitter section of the equipment permitting transmission of signals. When allowed
to return to its normal position, the transmitter is deactivated and the equipment is restored to the
receive mode.

Wet Paper
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Fig 14 Front speaker (1), Squelch
control (2), Transmit L.E.D. (3) Dual
watch L.E.D. (4), Channel L.E.D. (5),
Receive L.E.D. (6), Suppression circuit
L.E.D. (7), Suppression switch (8), Local
switch (9), Dual watch switch (10),
Microphone socket (11), Channel switch
(12) On/off volume control (13).
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Marine satellite communication
The International Maritime Satellite Organisation (Inmarsat) has
satellites in geostationary orbit above the equator over the Indian,
Pacific and Atlantic oceans. With the exception of the north and south
polar regions, these satellites are able to provide a world-wide
communications service for suitably equipped ships.
Satellite transmitting and receiving equipment installed on board a
ship is termed a ship earth station. Coast stations which communicate
with ships at sea via the Inmarsat satellites are known as coast earth
stations.

Geostationary
satellite

Fig 15 Satellite antenna ship earth
station (Courtesy OTC Maritime)

Earth's surface

Ship earth station

Coast earth
station

Fig 16 Communication by satellite (After Dawson 1991)
Wet Paper

EPIRB's
An EPIRB is a emergency position indicating radio
beacon and when activated in a life-threatening
situation, assists rescue authorities in their search to
locate those in distress.
• EPIRBs are designed to float in the water for up
to 48 hours to optimise the signal to a satellite.
• 406 MHz EPIRBs come in two basic types: those
that provide an encoded (GPS) location and
those that do not.
The satellite system can calculate a beacon's
location, but locating a distress site is usually
much faster if the beacon signal provides a GPS
location.
• A HexID or Unique Identity Number (UIN) is
the unique code programmed into each 406 MHz
distress beacon and transmitted when the beacon
is activated. This is shown in Figure 17.
Fig 17 An Emergency - Position - Indicating - Radio - Beacon
Wet Paper
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Use
• EPIRB's should only be used when there is a
threat of grave and imminent danger. In the event
of an emergency, communication should first be
attempted with others close by using radios,
phones and other signalling devices. Mobile
phones can be used but should not be relied upon
as they can be out of range, have low batteries or
become water-damaged.
• Operation: Break the tamper seal and switch on.
After three minutes a red light will flash indicating
the EPIRB is transmitting. There are more
expensive types that can be activated when they
touch water.
• Stowage: In a boat, an EPIRB should be stowed
in its mounting bracket where it is visible and
easy to access in an emergency or in a grab bag
along with flares, a torch or strobe and other
safety equipment. Water activated EPIRBs should
always be stowed in their brackets correctly when
not in use.
• Batteries: EPIRB batteries need to be replaced
before the expiry date noted on the label of the
beacon. This will ensure that the beacon will
transmit for the minimum time required once
activated.
• Servicing: The manufacturer or its agent should
service batteries.

When registering a distress beacon, this code must
be included on the registration form as it is the only
ode that links the individual distress beacon to the
registration database. Without the HexID, the beacon
cannot be registered.
For the latest information on EPIRB coding and
decoding see: www.amsa.gov.au/beacons
What if an EPIRB is accidentally activated?
The most important thing to do is to switch off the
beacon and notify the Australian Rescue
Coordination Centre as soon as possible by calling
1800 641 792 to ensure a search and rescue operation
is not commenced. There is no penalty for accidental
activation.

Orbiting satellite

2

Registration
EPIRBS have to be registered with AMSA
(Australian Maritime Safety Authority)
www.amsa.gov.au/beacons Documentation is
required and a sticker is sent in the mail. This must
be attached to the EPIRB. Note that the expiry date
is not the service date for the EPIRB.

SAR unit

5
1
EPIRB

Distressed
Vessel

4

LUT

Bundaberg

LUT

Fig 18 SAr rescue sequence for an EPIRB
Wet Paper
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Albany

Canberra
3
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But why three times?

Marine radio procedures

Suppose you are fishing some distance near the stern
from your radio and you hear what you think is someone
trying to call you. The first call alerts you, the second
and third call confirm that the call is for you. When you
begin this may seem silly, but when you are out at sea,
hearing on a radio is very difficult.

Normal traffic operations

A radio is different from a telephone in that you
cannot hear the other person while you speak and
there is no private line. To avoid chaos it is obvious
that there must be some standard operating procedure
. This section deals with normal traffic, safety
Example. Two vessels Reef seeker and Tubby set to
signals, urgency signals and distress signals. In
sea and wish to meet for lunch at St. Bees Island.
making a normal call to another ship or coast station
About 11.30 am, Reef seeker calls Tubby to find out
the most important points to remember are:
what time she will be there.
• SAY - (the other vessel's name) THREE
TIMES.
1
2
1
• SAY - THIS IS (your boat's name)
Tubby, Tubby, Tubby, This is Reef
Tubby, this is Reef Seeker what is your
Seeker Reef Seeker, Reef Seeker
ETA St. Bees Is. Over
THREE TIMES.
Over
• SAY - OVER
Reef Seeker Reef Seeker, Reef
Reef Seeker this is Tubby, , ETA
Seeker, this is Tubby, Tubby,
• When he/she answers, agree on a working
St. Bees Is 1400 hrs, Over.
Tubby; Change to Channel 96,
Over
frequency
• After each transmission say OVER and
then
4
3
4
3
3
• On completion of conversation SAY Romeo, please confirm your ETA
Thank you Tubby. This is
St Bees Is 1400 hrs, Over
Reef Seeker. Out.
OUT
Romeo, that's
affirmative, Over

Thank you Reef Seeker.
This is Tubby. Out.

PHONETIC

Spoken as

A

ALPHA

Al fa

C

CHARLIE

E

ECHO

G
I
K

LETTER

PHONETIC

Spoken as

Number

B

BRAVO

Brah vo

0

Zero

Char lee

D

DELTA

Dell tah

1

Wun

Eck oh

F

FOXTROT

Foks trot

2

Too

GOLF

Golf

H

HOTEL

Hoh tell

3

Thuh-ree

INDIA

In dee ah

J

JULIETT

Jew lee ett

4

Fo-wer

KILO

Key loh

L

LIMA

Lee mah

5

Fi-yiv

M

MIKE

Mike

N

NOVEMBER Novem ber

6

Six

O

OSCAR

Oss cah

P

PAPA

Pah Pah

7

Se-ven

Q

QUEBEC

Keh bek

R

ROMEO

Rohme oh

8

AIT

S

SIERRA

See air rah

T

TANGO

Tang go

9

Niner

U

UNIFORM

You nee form

V

VICTOR

Vik tah

DAY-SEE-MAL

W

WHISKEY

Wiss key

X

X-RAY

Ecks ray

Y

YANKEE

Yank key

Z

ZULU

Zoo loo

Spoken as

Phonetic alphabet
Sometimes when radio reception is poor it may be necessary to spell words or numbers. To do this the phonetic alphabet
is used and summarised below.
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LETTER
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Fig 19
Standard radio communication
procedure between two ship stations

Radio terminology
Based on information supplied by Department of Transport and Communications
•

AFFIRMATIVE

Yes

•

NEGATIVE

No

•

ETA

Estimated time of arrival

•

ETD

Estimated time of departure

•

OVER

My transmission is ended and I expect a response from
you

•

OUT

My transmission is ended and no response is expected

•

STAND-BY

Wait and listen till I re-transmit

•

STANDING -BY

I am waiting for you to call me again

•

ROMEO

Message received and understood

•

ACKNOWLEDGE

Let me know that you have received and understood
the message

•

GO AHEAD

Proceed with your message

•

I SAY AGAIN

Self explanatory

•

SAY AGAIN

Repeat your message

•

THAT IS CORRECT

Self explanatory

•

VERIFY

Check your information and advise me

Avoid CB terms such as: Come in please, over and out, come back, ten-four etc.
Numbers
Based on information supplied by Department of Transport and Communications
Numbers should be transmitted by pronouncing each digit separately. 10 becomes "one zero", 75
becomes "seven five". 100 becomes "one zero zero" or 5800 becomes five, eight, zero, zero. Numbers
containing a decimal point should be transmitted similarly, with the decimal point indicated by the
word "decimal" e.g. 121.25 becomes one two one decimal five". Monetary denominations when
transmitted as groups of digits should be sent in the sequence in which they are normally written e.g.
$17.25 becomes dollars one seven decimal two five", 0.75 becomes "seven five cents" etc.
Time
Based on information supplied by Department of Transport and Communications
It is normal but not obligatory to use the twenty four hour clock systems. Some examples are 3.45
pm becomes 1545 Midnight becomes 0000 (spoken as "zero, zero, zero, zero". 2.35 am becomes 0235
etc.
Date
Based on information supplied by Department of Transport and Communications
When the date as well as the time is required to be transmitted, it is recommended that a six figure
group be used. The first two figures indicate the day of the month and the following four figures
indicate the time. Some examples are:- Noon on the sixteenth becomes 161200, 2.30 am on the second
becomes 020230, etc.etc.
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Radio silence periods
Before using a radio , the operator should always glance at a
watch or clock to see if it is an official radio silence period. These
are three minutes beginning every hour and every half hour.
00
55
03

05

10

50

15

45

With the exception of distress
calls and messages all transmissions from all stations must cease
during these radio silence periods

20

40

35

33

25
30

Fig 20 Three minute silence periods begin every hour and after every
half hour
Wet Paper

Safety signals
Safety signals are used when a station wants to pass information
concerning safety such as navigational warnings or weather
warnings and are identified by the word
H SECURITE (spoken three times as SAY-CURE-E-TAY)
Here is an example of a safety signal:-

SECURITE, SECURITE, SECURITE.
Hello all stations. Hello all stations.
Hello all stations. This is Sea Witch
Victor Lima One, Two, Three, Four
Safety Message follows on Channel
86

2

HELLO ALL STATIONS. This is
Sea Witch Victor Lima One, Two,
Three, Four. Sighted large submerged
log two miles east of Mackay
Harbour. OUT

Submerged log

Submerged log

Fig 21 The safety message SECURITE

Note the following sequence
• Securite (three times)
• Hello all stations (three times)
• This is (once)
• Indication of channel, safety message follows - change
channels
• Safety message, then out.
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1
1

Urgency signals - Pan Pan
The urgency message and the
message following should be sent
on emergency frequencies except
for long messages or medical
messages which should be sent on
working frequencies.

An urgency signal indicates that the station sending it has a very
urgent message to transmit concerning the safety of a ship or
aircraft, or the safety of a person Urgency messages are sent on
all distress frequencies and are identified by the words
• PAN PAN - PAN PAN - PAN PAN -

The message may be addressed to
a particular station or to all stations
as indicated in the example above.
If addressed to all stations the station
sending the message must cancel it
by a similar addressed message
when action is no longer necessary.

Note the following sequence
• Pan Pan (three times)
• Hello all stations (three times)
• This is (name of vessel three times)
• Urgency message (once)
• Out
Here is an example of a urgency signal:-

PAN PAN, PAN PAN, PAN PAN
Hello all stations. Hello all stations. Hello all stations.
This is Sea Witch Victor Lima One, Two, Three, Four. This is Sea Witch
Victor Lima One, Two, Three, Four. This is Sea Witch Victor Lima One,
Two, Three, Four.
Ten miles North East of Keswick Island. Lost propellor and am drifting
south. No immediate danger. Require assistance urgently. Out.

Reef

Fig 22 Example of a PAN PAN situation
Wet Paper

Distress signals - Mayday

Warning
Severe penalties exist for persons
making false or misleading distress signals
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Distress signals are only sent when a vessel is in grave or imminent
danger. In the vast majority of cases this means the vessel is either
sinking, on fire or both.. The use of MAYDAY is not to be entered into
lightly. On receipt of this signal, coast radio stations swing into
immediate action which may result in the expenditure of public
monies. For obvious reasons, distress calls take priority over all other
calls and so if you hear anything that sounds even remotely like a
distress call you should suspend your own calls immediately.
The skipper is the only person on board who can authorise a distress
call. It is normal procedure to send distress calls on an official distress
frequency however in an emergency, any frequency may be used.
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In an emergency the vessel in distress has full control over all
other calls and not the coast station or other vessels which may
be involved unless control is delegated.
To send a Mayday there are five simple steps
• Call Mayday three times.
• Say call sign three times then Mayday and the call sign again
• State position as accurately as you can
• Describe the problem
• Say how many people are on board and time afloat

MAYDAY. MAYDAY. MAYDAY.
This is Sea Witch Victor Lima One, Two, Three, Four...Sea Witch Victor Lima One,
Two, Three, Four...This is Sea Witch Victor Lima One, Two, Three, Four...
MAYDAY. This is Sea Witch Victor Lima One, Two, Three, Four...
Position 20 degrees 18 minutes south, 150 degrees 23 minutes east. Hull holed.
Sinking. Four adults on board. Abandoning into liferaft. OVER.

Reef
Fig 23 Example of a MAYDAY situation
Wet Paper

The signal is repeated at intervals especially during periods of
silence, until an answer is received. If no answer follows any
other frequency may be used. The need for good distress
procedures cannot be stressed too strongly.
Mayday involvement
Usually coast stations will pick up Mayday signals however
suppose you hear a Mayday call and you cannot provide assistance
and no-one answers or you may be near a ship that is in distress.
If you cannot assist, you should relay the message in the hope
that someone who can help will hear your relay. If you are close
enough to provide assistance to the distressed vessel you should
acknowledge his MAYDAY call.
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Control of distress traffic
Distress traffic consists of all messages
relating to the immediate assistance
required by the ship in distress. The
control of distress traffic is the responsibility of the ship station which sends the
distress message unless delegated to
by another station.
The station in distress or the station in
control of the distress traffic may impose silence on all stations in the area or
on any station which interferes with distress traffic.
During your involvement with a Mayday
interference from other traffic may occur
and it may be necessary to transmit the
following.
★ SEELONCE DISTRESS
If interference is a problem it may be
necessary to transfer to another station.
Cessation of distress signal
When the Mayday situation is finished
the following is used.
★ The distress signal MAYDAY

Consider the following example.
Small craft sinking and you can help or you have to relay a
Mayday message
Acknowledgement of a distress signal
Acknowledgement of a distress call shall be made on the
frequency on which the call was received and shall be made in
the order outlined below:-

MAYDAY RELAY. MAYDAY RELAY. MAYDAY RELAY.
This is Barradine Victor Lima 2468 . This is Barradine
Victor Lima 2468 This is Barradine Victor Lima 2468 on
behalf of SEAWITCH VICTOR LIMA 1234
Who is 25 nautical miles north east of Keswick Is.
Hull holed.
Taking water and sinking fast.
Four people on board and abandoning
ship into liferaft.

Sinking boat

OVER

★ The call Hello all stations (or CQ
spoken as Charlie Quebec) spoken three times

Life raft

Reef

★ The Words THIS IS
★ The call sign or other identification
of the station sending the message
★ the time of handing in of the message
★ the name and call sign of the ship
that was in distress
★ the words silence fini pronounced
SEELONCE FEENEE
★ an announcement that normal
working traffic may now be resumed
Example:★ Hello all stations. Hello all stations. Hello all stations .
★ This is Baradine VL 2468.
★ Message of 0700 hours from Sea
Witch VL 1234
★ SEELONCE FEENEE
★ Resume normal working

Fig 24 Example of a Mayday relay situation
Wet Paper

• MAYDAY
• Sea Witch Sea Witch Sea Witch
• This is Baradine VL 2468. This is Baradine VL 2468. This
is Baradine VL 2468.
• RECEIVED MAYDAY
• OVER
The following information in the order shown should be
transmitted as soon as possible after the acknowledgement.
• MAYDAY
• Sea Witch Sea Witch Sea Witch
• This is Baradine VL 2468.
• I'm five miles north of your position. Speed 10 knots.
• Will reach your position in 10 minutes.
• OVER

★ Out
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Search and rescue
Australia's area of responsibility for marine search and
rescue (SAR) covers one-ninth of the world's surface, more
than 20 million square nautical miles.

Sending radio

RYA

Under the national search and rescue plan, searching for
missing pleasure craft and fishing vessels is the responsibility
of State or Northern Territory SAR authorities (i.e. the
police).

Fig 25 Distress alert sending

However, if an incident reaches a point where police resources
are over extended, the Commonwealth's rescue co-ordination
centre (RCC) can be asked to take over co-ordination.
Contacting relatives of missing persons and organising port
and beach searches remain police duties. In searches where
the MRCC is the coordinating body, the responsibility for
keeping relatives informed of progress is undertaken by the
MRCC management team.

U tube: DSC - distress alert
As your teacher to play the following

Search and rescue operations
The major function of the centre is to coordinate the search
and rescue of mariners in distress in Australia's area of
responsibility.

Receiving radio

Each year the centre deals with hundreds of marine incidents.
It conducts searches, answers requests for medical
evacuations, traces overdue yachts and handles other less
dramatic incidents such as investigating unexplained flare
sightings. When searches are coordinated by State police,
the centre is often asked to provide expert advice and
information.

RYA

When the centre takes over a search, the senior co-ordinator
assumes total control of the operation. The first task is to
decide what to search for, a disabled yacht, wreckage, a life
raft etc. A description of the vessel, skippers experience and
likely course of action he or she may take is some of the
information required.

Fig 26 Distress alert receiving

The second task is to calculate the search area. To do this, the
co-ordinator draws on information about the movement of
objects in the water, tidal flows and weather conditions and
combines use of computer systems with years of practical
experience of the search and rescue team.
Australian ship reporting system (AUSREP)
The AUSREP system is a ship reporting system which
monitors the movement of many vessels undertaking voyages
anywhere within Australia's search and rescue areas.
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Before departure, a sailing plan is lodged with the rescue
coordination centre in Canberra. Position reports are then sent
every 24 hours or when changes are made to the original sailing
plan; and on arrival a final report is made. This information is
used to track the vessel along its entire route.
The Australian Maritime Safety Authority advised that small
vessel operators using AUSREP should be aware that it is a
positive system. They advise that once a sailing plan is lodged,
failure to make daily reports or a final report will result in the
rescue coordination centre making preliminary checks to ascertain
the vessel's safety.

AMSA

If after these checks are completed, the vessel is still unreported
or overdue, a further assessment will be made to determine the
next course of action.

Fig 27 AMSA web site

Activity
Go to the AMSA web site
www.amsa.gov.au
• Click on the search and
rescue icon, choose the
Rescue Co-ordination
Centre

Small vessels may participate in AUSREP. No charges are
made, however certain conditions must be met including:
• the voyage must be more than twenty-four hours between
different ports, or greater than 200 nautical miles
• a satellite compatible EPIRB must be carried
• a current ‘Small Craft Particulars Form” must be lodged with
the authorities in Canberra
• approved GMDSS (Inmarsat C and/or HF DSC) equipment
must be carried to enable the vessel to report to AMSA
throughout the voyage.
Maritime rescue and co-ordination centre
This centre is located in Canberra and operates around the clock
and is staffed by ex-mariners with wide experience in maritime
and search and rescue operations.
Its computer controlled communications system enables contact
with a wide variety of organisations including the police in all
States, the defence forces, international maritime and SAR
organisations, merchant ships, fishing cooperatives, harbour
and marine authorities, yacht clubs and volunteer marine rescue
groups. The MRCC may contact aviation authorities for search
purposes.
Rescue coordination centre Australia

AMSA

Search and rescue (SAR) uses the latest technology including
satellites to assist distressed mariners.
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The rescue coordination centre (RCC) employs these aids to
establish the most likely area in which to find distressed mariners.
Radio equipment located on shore is loosely referred to as a coast
station. There are three types of stations that are found on land:
• maritime communication stations
• State and Northern Territory HF (coast radio) stations
• limited coast stations.
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Installations and faults
There are six main areas that can cause problems with radio communications. These are:★ Faulty aerials
Let us suppose the aerial was broken by wind or water. There would be no signals coming in or going
out. If the aerial had a bad connection we would see the output needle flickering, there would be
crackle from the speaker and incoming signals would be cutting in and out. An aerial may build up
with salt which will result in poor reception and transmission. Regular wiping of the aerial will reduce
this problem. If the incorrect aerial is used the performance will not be as good so it is important to
match the aerial with the radio and have it tuned properly
★

Blown fuses
A blown fuse is easy to diagnose because there will be no transmission or reception and no dial lights.

★

Flat batteries
A battery with low charge will not be as obvious. The dial lights will show up and incoming signals
will register however when the microphone switch is pushed, all signs of power will disappear. If
there is a loose connection from the battery to the radio the whole set will flicker on and off.

★

Faulty earth
All MF/HF radios must have an electrical "earth" connection to the water surrounding the vessel. If
this connection becomes faulty, an operator may experience a sharp burning sensation from metallic
parts of the transceiver during transmission.

★

★

Faulty microphones
If the microphone is faulty we can expect the receiver to work perfectly but transmission to be poor
or non existent. Usually a spare microphone can be plugged in if one is on board.
Incorrect power supply
The radio no matter how good is totally dependent on the power supply. There are five main points
to know about lead acid battery. These are:
Checking the charge level. This is checked by a hydrometer which measures the specific gravity
of the electrolyte. A reading of 1150 is considered flat whereas a reading of 1250 is considered
●

charged. Measuring the on load (i.e. When the battery is supplying current) terminal voltage will also
provide an indication of the amount of charge in a battery. For a 12 volt battery the on-load terminal
voltage should not fall significantly below 11.4 volts when transmitting.
● Topping up the electrolyte. When topping up the electrolyte you should always use distilled
or de-mineralised water. The electrolyte should be kept about halfway between the top of the plates
and the filler hole.
● Charging. Batteries can be damaged by long periods of heavy charging. Short periods of
discharging followed by a total recharge is the best way to use a battery. A battery will only take about

10 total discharges
● Hazards. Batteries give out hydrogen during charging and should be well ventilated to avoid an
explosive gas-air mixture.
● Location Should be chosen to ensure that the battery is-

protected from the elements
accessible for maintenance

-

close to transceiver

-

as high as practicable
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Review questions/activities
1. Describe the principles of radio transmission as
discovered by Hertz in 1888.
2. Draw up a table of frequencies indicating which are
low, medium, high, very high and ultra high.
3. What are the principles of line of sight radio transmission? Draw a diagram to illustrate your answer.

30. What is the satellite transmitting and receiving equipment installed on board a ship termed? On land
called?
31. Draw a diagram to show how a geostationary satellite receives and sends radio signals.
32. How are E.P.I.R.B.s located using satellites?
33. Name the four types of radio operation signals

4. Draw a diagram to show the characteristics of radio
waves.

33. Give an example of a radio communication using
normal traffic procedures.

5. What is a carrier wave?

34. Make up a table of the phonetic alphabet showing
how each sword is spoken.

6. What is morse code and how could it be illustrated
with a diagram?
7. Define the term telephony.

35. Name 14 standard words and phrases and give their
meanings.

8. Define the term modulation.

36. How are numbers, times and dates transmitted
giving examples for each.

9. Define the term amplitude modulation and draw a
diagram to illustrate your answer.

37. What is a radio silence period and draw a diagram to
illustrate what it means.

10. Define the term frequency modulation.

38. What is an example of a safety signal?

11. When the radio frequency energy is radiated from
the antenna of our marine radio equipment it can
travel in two ways. Name these and define each.

39. What does the word securite mean?

12. Draw a diagram to illustrate the difference between
a sky wave and ground wave transmission.

40. What is the term for an urgency signal and when
should it be used?
41. Give an example of how an urgency signal is used.

13. Draw a diagram to illustrate the factors affecting
VHF radio transmissions.

42. What is the term used for a distress signal and when
should it be used?

14. Write a sentence which best describes the propagation of 27MHz skywaves.

43. Give an example of a MAYDAY call.

15. What doe the word skip mean?

44. You become involved in a MAYDAY situation and
you cannot provide assistance. Why do you do?

16. What are the three major parts of a marine radio
equipment system?

45. How should control of distress traffic be conducted?

17. What is the function of the transmitter and what type
of radio waves does it produce? Once these waves
are produced how are they modulated?

47. What is AUSREP?

18. What is the function of the receiver and how are radio
skywaves reconverted to sound?

46. How should a distress situation be concluded?
48. Write four sentences about search and rescue operations in Australia.
49. What is the SOLAS network and how is it operated?

19. Draw a diagram of how a radio uses its microphone
switch to transmit and receive.

50. What is a radio check, why is it used and to whom is
it made?

20. Write a sentence about the propagation of MF/HF
radio waves.

51. How can an aerial become faulty?

21. What does the antenna in a marine radio equipment
system do?
22. What does the power supply do in a marine radio
equipment system do?
23. Name three types of marine radio.
24. What is an EPIRB and what does it do?
25. Name five uses small boat operators can make of 27
MHz radio transceivers.
26. What channel is a 27MHz set usually left on and why?
27. What channel is a VHF set normally left on and why?
28. When is a radio operators certificate of proficiency
required?
29. Name eleven transceiver controls and state their
function.
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52. What is a blown fuse and how can you tell it has
occurred?
53. How do you know when you have:- A flat battery? A
faulty earth? A faulty microphone? An incorrect
power supply?
54. List main points about marine batteries that affect
good radio transmission.
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Chapter 9
Skindiving
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Douglas 4871
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Content

Process skills

●

Various types of skindiving equipment

●

Discuss dangerous skindiving and swimming relating to boating situations.

●

Methods used to care and maintain
equipment

●

Discuss good health habits for surf or
enclosed water situations.

NAUI Skindiving Course
Applied sciences
Diving equipment

Skills

Diving skills and safety

In the pool or confined water situation
●
●
●
●
●

Distance swim of 20 metres, non stop
any stroke
Survival swim of 10 minutes,
drownproofing, floating
Underwater swim 9 metres, one breath,
no pushoff or dive
Underwater swim of 18 metres, taking
three breaths during swim
Tow a person of equal size 18 metres

In the pool, confined water or open
water situation with mask, snorkel,
fins (BC or skindiving vest required if
open water)
●

●

●
●

●
●
●

Distance swim of 400 metres, non
stop, using no hands and breathing
from snorkel at least one-half the
distance
Survival swim of 5 minutes while removing and replacing mask, fins and
weightbelt (in turn) if worn
Underwater swim of 18 metres, one
breath, no pushoff or dive
Underwater swim of 35 metres, taking
no more than three breaths during
swim
Recover a 4.5 kg object from between
2.5 and 5 metres depth of water
Transport a skindiver of equal size 35
metres on the surface
Bring a skindiver simulating unconsciousness to the surface from 2.5 to
3.5 metres of water
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Water environment
Diving activities

Attitudes
●

Become aware of the codes of behaviour
that are consistent with safe swimming,
surfing, diving and skindiving.

●

Demonstrate a willingness to assist those
in trouble.

●

Demonstrate a respect for swimming
regulations.

●

Demonstrate a respect for and co-operation with those who seek to enforce these
regulations
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History
The first records of humans swimming underwater can be found
in ancient hieroglyphic tablets. Figure 1 depicts humans
swimming among the fish, as told in the stories of these ancient
civilisations.

Fig 1 Hieroglyphic of early skindivers in Egypt ( Louvre, Paris)
Wet Paper

In the Dive Show at Sea World, the history of diving is portrayed
by trained divers in an underwater show. The text that follows
is an adaptation from that show reproduced with kind permission
of Sea World Australia.
Fig 2 The reed skin diver. Courtesy
Sea World Education Division Sea World
PO Box 190 Surfers Paradise 4214

Fig 3 Halleys Bell (Courtesy Sea World)
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"It is believed that the first skindivers as shown in Figure 2, used
a reed to breathe through as they swam underwater. Records as
far back as 2250 BC reveal that divers held their breath to bring
back pearls and other sunken treasure from shallow water. Other
methods included filling a bag made of goat skin with air and
breathing from it underwater. However as the diver breathed
in the fresh air, he breathed out his own into the bag. The bag
soon became full of his exhailed breath and many deaths
occurred because divers blacked out underwater from carbon
dioxide poisoning."
"It was not until the seventeenth century that Sir Edmund
Halley invented the diving bell. Halley used large rocks to keep
the bell down vertically and replaced the air inside the bell by
barrels of fresh air from the surface. He claimed that by using
this method, he could stay submerged for over an hour. However
divers still wanted the freedom of being able to walk around
underwater without having to sit in a diving bell. This structure
used the principle of air trapped underwater. Try turning a glass
upside down and carefully pushing it underwater. You can see
that air is trapped as long as you hold the glass vertically."
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The breakthrough came in 1840, when August Siebe invented
the hard hat diving suit. This consisted of a metal helmet, with
three glass plates that was secured to a leather suit using a heavy
metal collar. The diver kept himself down by using lead boots
and air was supplied by using a hose connected to a pump on the
surface. Robert Boyle discovered that the pressure on the body
increased as the diver descended. For the first time, humans
experienced the problems of diving deeply. This caused
pressure on the eardrums and many divers suffered terrible
injuries as a result.

Fig 4 The helmet diver. Illustration
courtesy Sea World

During World War II, Jacques Cousteau and Emile Gagon
invented the regulator which allowed divers to breathe
compressed air. This was significant, because now air could be
placed into a small cylinder which was light and could be
strapped to the diver’s back leaving the hands free to swim and
explore underwater. The apparatus became known as S.C.U.B.A.
(self contained underwater breathing apparatus,) which is the
subject of a whole new book and is not discussed here. It is
absolutely essential that persons who use any form of compressed
air apparatus undergo training by an approved diving instructor.
(Associations are listed at the back of this chapter.)
If you get the opportunity to go to Sea World in Queensland, visit
the world of the sea theatre and see the dive show on the history
of diving. Sea World also provides a series of projects dealing
with the sea to help students understand and appreciate its
wonders.
For further information contact The Education
Division, Sea World, PO Box 190, Surfers Paradise, 4217.

Skindiving equipment
Fig 5 The modern diver. Illustration courtesy
Sea World

The basic equipment for skindiving is the mask, snorkel, fins,
wet suit (for colder climates), stinger suit (for tropical summer
climates), sandshoes or booties and weight belt. In general, the
choice of equipment is based on three things:Firstly, comfort . Any piece of equipment selected must be a
good, firm but comfortable fit which can be worn for long
periods without causing any discomfort to the skindiver.

Safety notes
Goggles should NEVER be worn
when skindiving as there is no way of
equalising pressure around the eyes
or clearing water from inside during a
dive.

Secondly, the financial status of the skindiver. Look for
quality when purchasing equipment even though it may cost
more. Cheap inferior equipment does not last as long, and in
some cases may even be a threat to the safety of the skindiver .
e.g. safety glass in the mask is a bit more expensive but is less
likely to damage the eyes if broken.
Finally, suitability. Different localities or activities may
require specialised types of equipment. For colder climates
thicker wet suits are required. Stinger suits are required for
skindiving in tropical waters in the summer months.
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Masks

Fig 6 Mask with nose pocket for easy access.
Photograph courtesy Cressi Sub

These place a layer of air between the eyes and the water, thus
allowing clearer vision beneath the surface. When selecting a
mask consider the following points:• The mask should be a comfortable, water-tight fit preferably
with a soft, double seal. A simple check is to place the mask
on your face (without the straps in position) and inhale gently
through the nose. If the mask is a good fit, it will cling to the
face due to the slight vacuum created.
• The face plate(s) must be made of safety glass to guard against
breakage or scratching (indication of this is printed on the
face plate)
• The plate should be secured with a non-corrosive band.
• It should be made of good quality black rubber or silicone and
have compensation depressions in the bottom. Purge valves
are optional devices which make clearing the mask of water
easier, but may be the cause of leaks.
• A flexible but heavy, split strap with easily adjustable locking
devices provides greater security and comfort under water.
• A mask with low volume is easier to clear, and increases the
diver’s field of vision.

Fig 7 Adjustments to a mask are made at the
side. Photograph courtesy Cressi Sub .

NAUI NOTES:
Hans Telford from NAUI Australia comments that,
"Masks with a good, soft, double-seal
will fit most faces. Modern masks made
from silicone compounds make ideal,
comfortable masks. They are more
expensive than the rubber ones, however they are longer-lasting and are
generally more impervious to ozone
and chlorine. All masks need to be
washed clean with fresh water after
diving, dried away from the sun and
stored in a container. Never leave
masks near a heat source"
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Fig 8 A low volume mask with interchangeable lenses.
Photograph courtesy Cressi Sub.

After you have bought your new mask one suggestion to remove
the manufacturers film is to scrub the surface using a mild
toothbrush and toothpaste. This will reduce fogging.
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The snorkel

Younger children or people
with small lung capacities
require a snorkel with a small
bore. The snorkel on the left
has a larger bore than the one
on the right. Try to avoid
snorkels with valve devices or
table tennis balls on top as
they can create dangerous
situations.

Fig 9 Snorkels range in size and shape. The
bore is important when selecting for your lung
capacity.
Wet Paper
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Cressi Sub.

Safety

The snorkel enables you to breathe while you are swimming on top
of the water. When selecting a snorkel consider the following
points:• The snorkel should have a smooth, contoured “J” shape without
any sharp bends in it . This reduces drag in the water and allows
for smoother breathing.
• The mouthpiece should be a comfortable fit and be firmly
attached to the tube. The tube should be made of a flexible
material to reduce risk of injury, or mask flooding, if snagged.
• An average length of 30-40 cm and a diameter of 2 cm is
recommended (NAUI) - longer tubes increase the volume of
stale air re-breathed and also the potential for snagging.
• When selecting a snorkel, it should be attached to the mask
straps on the left side of the head, placed in position and checked
for comfort and the location of the opening. This can be done
with a snorkel keeper or rubber band.
• Snorkels with a smooth bore decrease the amount of water
trapped inside and smaller bore snorkels should be used with
young children or people with low lung capacities.
• Snorkels can be made of silicone, plastic or rubber (silicone lasts
longer).
• The top 5-7 cm should be brightly coloured (orange/red) to
provide better identification against the water background.
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Fig 10 Closed or full booted fins (left) compared to open heal fins (right) which require booties.
Wet Paper

Fins
NAUI NOTES:
Hans Telford from NAUI Australia comments that,
"Fins - remember the longer or wider
the fin blade (while resulting in increased
power) the more effort is required by
the skindiver to swim. New technology
has made fins stronger, lighter and
more efficient. A lot depends upon the
skin diver to use them correctly. If
cramps occur you should be able to
relieve this by holding onto the top
section of your fin (the one attached to
the cramped leg) pull it towards you
which will tend to stretch the fatigued
muscle. Your buddy can also help you
do this. Practice and different kick
strokes help minimise this problem."

These propel the skindiver through the water and fall into two
categories: Open heel or full booted. Selection is a matter of
budget and personal choice, however, the following points
should be considered:Open heel fins require wet suit booties which are worn inside
open heel fins and secured by adjustable buckles. They should
be light, neutrally buoyant, with a semi-rigid wide blade
extending forward of the toes by at least a foot length and ending
in a flexible whip tip.
Full boot fins are less expensive and should be sized slightly
larger than shoe size to reduce cramps and incorporate the
features of the open heel fin. Some limitations of the full boot
are that they come off.
Wet suits
The wet suit is made of rubber neoprene impregnated with
millions of tiny nitrogen filled cells. If cut, it will look like a
sponge. The function is to reduce heat loss and therefore reduce
the chances of cramps or hypothermia.
The difference between a wet suit and a dry suit is that the dry suit
keeps water out and is used for skindiving in very cold water.
The wet suit allows a thin layer of water to be trapped between
the skin and the rubber. This stops the water from circulating
and in fact heats up due to friction and heat attempting to be lost
from the body.
It is important to have a snug fit so that none of this heated water
can escape while the skindiver is in motion. For complete
warmth, booties and a hood are added to the outfit.
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The choice of suit depends upon type, locality
and duration of diving as well as the skindiver’s
financial status. Selection is a matter of
budget and personal choice, however, the
following points should be considered:★ a surfer’s spring suit is different from a
diver’s suit in that the zipper is on the
back.
★ the suit should be a close, neat fit to
prevent water flow, but not so tight as to
cause chafing or restrict circulation. When
trying on a suit, ensure there are no
spaces under the arms, neck, crutch or
the extremities of the wrists or calves.
★ a “tailor made” suit may be more expensive but necessary if an adequately fitting
suit cannot be purchased ‘off the rack’.
★ tapes protect seams and provide easy
identification. Lined seams reduce water
leakage thus keeping the skindiver
warmer while sewn seams strengthen
the joints.
★ the thickness of the suit is dependent
upon the temperature of the water in
which skindiving is to take place; 3 mm
thick suits are quite adequate in warm
tropical waters however a 7 mm professional diving suit is used in very cold
water. The thicker the suit, the more
restrictive movements will be and the
more expensive.
★ there are many different styles of wet suit
- jackets can be made with zippers in a
coat form or can be pulled on like a
pullover. Hoods can be attached to the
jacket or separate; trousers can finish at
the waist or extend over the shoulders
called steamer suits.

Fig 11 Wet suits can be long or short sleeved depending on the sea
temperature. Gloves are a useful accessory when handling unfamiliar
undersea creatures
Wet Paper

It does this by keeping out the cold water and warming a
layer of water between the suit and the skin.
Advantages of wearing a wet suit are:• protecting the body against cuts, abrasions, stings, bruises
and sunburn
• providing some positive buoyancy

Additional equipment
Weight belts allow the skindiver to achieve neutral
buoyancy in water especially when wearing a wet suit.
When selecting a weight belt note the following points:• it must have a quick release buckle which should be easy
to adjust and be able to be removed quickly with one
hand, while wearing gloves. Wire buckles are more
difficult to adjust than flat lever buckles .
• the buckle should be clear of excess strapping but not
trimmed off so short that extra weights cannot be fitted.
• an even number of weights should be carried comfortably
around the body. Larger weights should be curved to fit
the contour of your body. All weights should be firmly
fixed in position to prevent slipping.
• a 50 mm (2 inch) wide nylon webbing is the most
commonly used belt and does allow the weights to
move.
Gloves can be cumbersome if you wish to take photos or
need the full dexterity of your hands. But they are ideal for
protection against rocks, shell or fish life and can be a real
comfort to the beginner.

Fig 12 Weight belt. Photo (Courtesy Cressi Sub )
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The most suitable type of glove is the jersey lined PVC type used
for gardening or electrical work. These are strong, robust and
offer good protection.
NAUI NOTES:
Hans Telford from NAUI Australia comments that,
Weights - Ideally, an ocean skindiver
should weight him/her self for neutral
buoyancy at the operating depth. This
way the diver remains partially positive
at the surface. Correct descent technique should minimise any physical
effort of getting down.
Buoyancy vests - These essential
items of equipment are required for
open ocean skindiving. They allow you
to maintain "neutral buoyancy" at depth
as well as allowing you to relax on the
surface while being "positively" buoyant. They should be made from durable materials, equipped with an inflator
hose and self inflatory mechanism,
dump valve and an over pressure relief
value as minimum. Ensure that the
vest fits you and is comfortable to wear.
It should remain in position when it is 3/
4 inflated, and have controls that are
easy to locate and operate. When
diving is finished for the day, ensure
that it is washed inside and out with
fresh water and allowed to dry away
from the direct sun." Make sure you are
instructed by a qualified instructor when
learning how to use a BC or skindiving
vest.

Fig 13 BC notes (Courtesy NAUI Australia)
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Knives can be a very useful and essential part of your equipment.
Stainless steel knives have a stainless or synthetic handle which
controls corrosion. It is hard to keep an edge on stainless steel
and it must be regularly sharpened.
A knife should have sufficient weight to allow it to be thrust
through the water, and should be carried in a strong sheath
strapped to your leg. Remember a knife is a tool rather than a
weapon.
Spear fishing can be an enjoyable and very safe sport. It can be
done while conserving the environment. After all spear fishing
from boats has been going on for many hundreds of years
without depletion of fish stocks. Unfortunately, with the increased
technology of European settlement, many unthinking spear
fishermen have depleted fish stocks by the senseless slaughter of
many marine creatures. Hopefully with increased education and
a compassion and understanding of our marine life, we will see
humans who spear fish, select only those fish which are required
for a meal and not stock a freezer to pay for the trip. It may pay
for the trip this time but will be more expensive the next. Can you
suggest why? Spear guns range from those with power heads or
double spears to small hand spears.

Care of equipment
The following notes are designed to assist you look after you
gear.
• Mark all your equipment for ease of identification especially
if you join a dive club or go skindiving with friends
• After skindiving, all equipment should be carefully washed in
fresh water and dried out of the sun. Salt particles stick to
your equipment and allow corrosion and deterioration.
Sunlight will quickly perish rubber if exposed for too long.
• Check all equipment (especially straps and locking devices)
for wear before and after each snorkel - if damaged replace.
• Take care to protect the mask face plate from scratching or
leakage.
• After a day’s skindiving completely wash both sides of your
suit in fresh water and dry thoroughly. The best way to
protect your suit in storage is to hang it on a coat hanger away
from direct sunlight to avoid creasing.
This also protects the cellular materials from being flattened
by folds. Zippers should be lubricated regularly to prevent
jamming or corrosion.
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Most swim fins, masks and snorkels wear well as long as they are
washed with fresh water and kept away from heat. A good
simple maintenance practice is to keep a lightweight box liberally
filled with talc, for storage of your mask, fins and snorkel.
It is an easy matter after drying these items to load them in the
box, seal and shake. Later when you need them just blow off the
talc and rinse in water before use.

Review questions
1. Why was Halleys Bell considered such a great advance in skindiving history?
2. How did the helmet diver get air and why was it a dangerous occupation?
3. What does the term SCUBA mean? Who invented the regulator and why was this an advantage to divers?
4. What is the basic skindiving equipment?
5. What is a purge valve?
6. What are compensators in a mask used for?
7. In selecting a snorkel for a child, what should be considered?
8. What colour is a silicon mask and why is silicon considered a better choice than rubber?
9. List 5 considerations when selecting a mask.
10. What are spriggots?
11. Name two types of fins and state which requires booties.
12. Name two advantages of a wet suit. Which type of wet suit is suited for tropical areas?
13. How does a wet suit work in keeping you warm?
14. What is one easy way of getting into a steamer suit?
15. Name any three accessories a skindiver can carry underwater.
16. What are your local regulations regarding use of spear guns?
17. Should a SCUBA diver ever use a spear gun? Give reasons for your answer.
18. What is hyperventilating and describe why it is dangerous.
19. What regulations cover the use of SCUBA in Australia?
20. List six things you should do to care for skindiving equipment.
21. What is a BC and how does it work?
22. How can you relieve a cramp while skindiving?
23. A skindiver for open water wishes to weigh herself. What does this mean and should she weight herself on her
weightbelt for positive, negative or neutral buoyancy?
24. Make a drawing of a BC vest and label all parts.
25. What is a low volume mask and why is it useful?
For further reading
The Joy Snorkelling. Blount and Taylor. Macmillian Publishing Co. New York. 1984
Snorkelling. Bob Moffatt. Wet Paper Publications. 1988.
The NAUI Text book. 145 Old Cleveland Rd Capalaba 4157. NAUI Australia 1990
Padi. Open Water Diver Manual. 1990.
FAUI Snorkel Divers Notes PO Box 246 Tuart Hill Perth 6060. FAUI Australia 1989
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Learning how to skindive
The following minimum resources
would be required:
★ Access to a swimming pool
★ Fins, masks and snorkels
★ First aid kit
★ Resuscitation manikin
★ For open water skindiving a
BC or skindiving vest used
with the appropriate weightbelt
would be required

In nearly every tourist destination in most countries of the world
near the sea, skindiving is offered as an attraction. Skindiving
safaris form the basis of many package tours offered to young
and old alike. Many tour operators charge for these tours and
more often than not the tourist has had little or no training in the
use of equipment. The first experience then becomes a struggle
with masks that fit poorly, snorkels that leak or just the sheer
terror of getting into the sea for the first time.
• Your first skindiving lesson should be in a pool or a quiet, safe
place. Not too deep, with few currents and on a warm day off
a sandy beach.
• You should be in reasonable physical condition.
Safety
There are three main attitudes to have before you begin skindive:
First, a respect for the sea. Overconfidence can place you and
your buddy in a potentially dangerous situation. However being
terrified prevents you enjoying one of nature’s wonders. There
is nothing wrong with being scared; it is usually a natural human
reaction to things that you do not know about or understand.
Remember knowledge and understanding dispel fear.
Understand your personal limitations - never fight the sea but
learn to work with it.
Second, work co-operatively with your buddy. He or she may
be a very competent swimmer, be the most physically fit, have
the greatest attitude, but if stung by a jelly fish many turn to putty
in your hands. Always remember to stay with your buddy at all
times. By listening to your instructor, your first skindiving
lesson should be fun.

Note for instructors
Write to NAUI Australia
PO Box 183 Capalaba 4157
for a copy of the notes
called: "Safe Skin Diving
Practices" These notes include important considerations for Breath-hold techniques, skindiving skills and
games.
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Fig 14 Learn to work with your
buddy. Get used to the method of
one up one down with the person
up keeping an eye on the one down
and the surrounding environment.
Chapter 9 Skindiving 217

Finally, be prepared to learn one step at a time even if others
learn faster than you. If you cannot clear your ears, usually there
is a medical reason - too much wax in the outer ear canal, a small
outer ear canal and a cold blocking the eustachian tube are but a
few. Most times a simple visit to the doctor will diagnose and
solve your problems.

Fitting your gear
If your first lesson is at a pool, check
carefully the sides and depth before
you enter the pool.
It is best to enter via steps, with mask
on the head. Put your fins on in the
water. Put your mask on and breathe
through the snorkel on land so that you
can adjust to the change in breathing
pattern.

Where to learn, what to wear
The best place for your first lesson is off a sandy beach or in a
swimming pool from a qualified instructor.
• If it is cold, wear a wet suit. If it is hot, put plenty of sun cream
on the face, neck and exposed parts of the body. Don’t forget
the backs of the legs and if you have short hair, the tops of your
ears and the back of your neck.
• If you are entering the water from pools be careful of the
edges. If you live in topical waters in the summer months,
take special notice of box jellyfish.
Schools should encourage their students to learn skindiving in a
pool and then complete the courses in the winter months.
Wet Paper

Fitness

NAUI NOTES:
Swim test -confined water
1. Swim a distance of 200 metres, nonstop any stroke.
2. Survival swim of 10 minutes,
drownproofing, floating etc.

Two simple tests can be used to see how fit you are. This will
give you an idea of your capabilities right from the start. These
are:• The swim test. Select a buddy, establish a swimming plan
- this may be to swim to the other side of the creek or pool, talk
it over with your buddy and then do it staying together.
• Treading water. It is important to establish how long
members of your group can stay at the ocean surface. With
your buddy, tread water for 5 minutes. See if you can do it
with one hand over your head.
Floating
Once in the water, pull the mask over your eyes and adjust the
snorkel so that the water does not get in, and go for a short
snorkel. Breathe easily through the snorkel and float. Breathe
in and out with your arms outstretched

Fig 15 Floating is one way to become comfortable with your gear
Wet Paper
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Clearing your mask
While you were floating, a little water may have entered your
mask and the glass may have fogged up. Stand up now and take
your mask off, spit in it and rub the saliva around inside. Then
rinse the mask and put it back on. If your mark fills while
underwater, it is easy to clear. NAUI Australia (1990)
recommends the following method:-

Fig 16 Start exhaling through your nose with you head down, then look up, continue exhaling until all water is out.
Wet Paper

The blast method of clearing is used in
shallow water.
To clear your snorkel using the
displacement method, put a small
amount of air in the snorkel when you
are at the bottom of your dive.
As you surface, keep the snorkel facing
down. The air in the snorkel will expand
forcing water out of the snorkel. As you
surface with your head tilted back the
water should all fall out.

"You will recall that the water inside your mask is displaced by
air. The air rises to the top of the mask and water flows out from
the bottom. In a purge valve mask, the water flows out the one
way in the nose of the mask, so the head is tilted forward during
the clearing process. With a non-purge valve mask the head is
tilted back and air is exhaled into the mask from the nose so the
water can flow out over the edge of skirt at the bottom of the
mask."
"Remember, you must being exhaling before tilting your head
back so water will not run up your nose. A steady exhalation is
more effective than short, strong bursts of air (which tend to
escape instead of remaining inside the mask)"
Clearing your snorkel
There are two ways to do this.
The blast method

Fig 17 The blast method of purging a snorkel

In shallow water, the preferred method is to blast the water out
while on the surface. To try this, kneel in shallow water, put your
face in the water, and breathe in and out through the snorkel.
Now inhale, hold your breath and place your tongue in the
mouthpiece of the snorkel. Duck your head under the water until
the snorkel fills. Now raise your head until your ears are level
with the surface, take your tongue out of the mouthpiece and
blow the air out. Don't inhale too deeply next as there may be
some air in the snorkel.

Wet Paper
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The displacement method. In this method a small amount of air is
trapped in the snorkel prior to the dive. The idea is to trap air in the snorkel
so that as you resurface that air displaces the water that fills in the snorkel.
To learn this method, stand in water that is chest deep, inhale and plug
your mouthpiece as before. Submerge and swim along the bottom of the
pool. Now surface at an angle, remove your tongue and blow a small
amount of air into the snorkel.
Keep surfacing with your head tilted back and the snorkel pointing
towards the bottom. As you break the surface, the air will displace the
water and any further air can be blown out. The key to getting the water
out is to keep the tip of the snorkel pointing towards the bottom
If some water enters the snorkel tube, blow it out with the air that is still
in your lungs. If you can’t do this then stop, take out the snorkel and get
a fresh breath of air. Then head down again and keep skindiving.
Congratulations, you have made a good start!
Equalising or clearing your ears
As you go down under the water, the pressure increases on the eardrum.
Air in the inner ear is trapped and can expand or contract with changing
pressure. This air affects the eardrum which must be protected by
"clearing your ears". The air in your mouth or throat can be blow into
the inner ear through the eustachian tube. This makes the pressure on the
outside of the eardrum the same as the inside.

Fig 18 The displacement method
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The displacement method
NAUI Australia (1990) describes this
method as follows. "The head is tilted well
back during your ascent. This should be
done anyway so that you can watch above
you as you ascend. With the head back
the snorkel will be inverted. A small
amount of air is exhaled into the snorkel
as you near the surface. This air will
expand as you ascend and "displace" the
water inside the tube. When you surface
the snorkel will be empty. All you have to
do is keep it that way while getting the
snorkel into the upright position. To do
this, exhale while you tilt you head forward
and into a face-down position at the
surface. This must be done just as you
reach the surface. If done earlier it will be
ineffective because the water will pour
into the open tube."

Practice this on the surface first by tilting your head to one side, pinching
your nose and blowing gently. The idea of turning your head is to stretch
the eustachian tube. If you chew gum before skindiving you will find this
helps clear the eustachian tube. If you do this underwater, you will
equalise the pressure on both sides of the eardrum thus making diving
underwater possible.
Note: If you cannot do this then don’t dive underwater. That doesn’t
mean you can’t snorkel. Just don’t dive or you will end up with very sore
ears and a headache and will do damage to your eardrum. So either pinch
and blow gently or swallow as you dive.

Inner ear
Eustachian
tube
Outer
ear

Ear
drum

Fig 19 The ear and eustachian tube
Wet Paper
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Never wait till the pressure asks you to equalise,
always start equalising your ears the moment
you start to dive. Now submerge
underwater without a mask and
equalise. Your instructor will
demonstrate this to you
if you are unsure.

NAUI NOTES:
Hans Telford from NAUI Australia
comments that,
When equalising the middle ear
space - "close your mouth, pinch
your nose and blow gently. If you
don't feel your ears 'pop' initially,
try tilting your head back (which
will open the eustachian tube
wider) then try again. If there is no
way of equalising pressure, do not
descend - see your doctor.

Fig 20 Equalising all the way down, by gently
blowing into your mouth to clear your ears.

Equalising is done by either:-

Wet Paper

★ Swallowing - the easiest of all
ways or

Water entries

★ Pinching the nose through the
compensators under the mask, and
blowing air from your lungs into
your closed mouth and then up into
the middle ear through the eustachian tube. This should be done
gently in order to protect the eardrum.

There are many ways to enter the water. If you are in a boat the backward
roll method is preferred by some skindivers while others tend to use the
safety jump.
The backward roll. Hold the mask with your hand pressing against the
face. Now roll backwards so that your legs do not strike the gunwales
(sides of the boat). If you are in a small boat have others move to balance
the craft. (Not to be done from a pool edge)
The safety jump or giant stride. Press your mask against your face
and jump into the water with a scissor kick. The idea of the kick is to
minimise going too far underwater.

Down
Up

The submerging entry. Put all your gear on and climb down the ladder
of the boat. Now put your head underwater and gently submerge. Your
instructor will demonstrate these now if you are unsure.

OK
HELP at surface

OK at surface

Pick me up
OK at surface
Stop

Fig 21 Common skindiving hand
signals (After NAUI 1990)

Danger!

Wet Paper
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Duck diving, fining and submerging
Take a good breath and
bend at the waist

Two possible dives are the duck dive and the safety or submerging
dive. The duck dive involves making a pike, swimming down,
turning and swimming underwater and then surfacing.

NAUI Note
"Don't hyperventillate prior to skindiving - a good rule
is to extend your inhalations as well as exhalations slow and deep is best. Remember, you need to purge
that additional carbon dioxide from the snorkel tube
that tends to build up while skindiving on the surface

Time underwater
The length of time you can stay under water depends
on many factors. Body temperature, water temperature
and physical fitness are some. The desire to breathe is
caused by a carbon dioxide build up in the lungs. This
desire can be reduced by taking deep breaths in quick
succession. This lessens the amount of carbon dioxide
and is called hyperventilation. It was practised by
many spear fishermen so that they can stay under
water longer.

Kick your legs into the air
allowing the weight of the
legs to provide you with
the momentum to force you
down

By hyperventilating they no longer have nature’s
safety valve. It’s a dangerous thing to do. If you
don’t breathe in when your body wants more oxygen,
it can cause you to blackout! This could kill you if it
happened under water. It’s no big deal to stay under
water the longest so use your common sense and listen
to your body telling you when to surface and take a
breath.
Submerging or safety dive
Used whenever there is danger of underwater snags or
obstacles close to the surface or where visibility is
limited and the dive area is not known. In this dive the
skindiver simply submerges and looks around before
duck diving.
• Practice the submerged dive followed by a
forward underwater swim.
• Now surface and see if you can duck dive.
Fig 21 b The duck dive
Wet Paper
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Begin equalising immediately and
continue down the dive
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Surfacing
With your head back the snorkel
will be inverted. Blow a small
amount of air into the snorkel as
you near the surface. This air will
expand as you ascend and
"displace" the water inside the tube.
When you surface the snorkel will
be empty. All you have to do is
keep it that way while getting the
snorkel into the upright position.
To do this, exhale while you tilt
you head forward and into a facedown position at the surface. This
must be done just as you reach the
surface. If done earlier it will be
ineffective because the water will
pour into the open tube. Now
inhale fresh air and you are ready
to let your buddy have a dive.

Blow a small amount of air into
the snorkel as you near the surface. This air will expand as you
ascend and "displace" the water inside the tube.

When ascending back to the surface, always look up, point and turn
in a slow 3600 movement - this is
done to prevent any head collisions
with boats or schools of sea jellies.

Stretch out, enjoy the sights

Fig 21 c The duck dive (surfacing)
Wet Paper
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Fining
To get the most power from your fins it is important to use the correct method.
Without fins, a skindiver tends to kick from the knees down using the calf
muscles to raise and lower the legs. These muscles are small compared with
the muscles of your thigh so you should try to use these when using fins.
Usually the hands are held by the side to conserve energy.

Fig 22 Fining. Avoid cycling
and use your thigh muscles
Wet Paper

NAUI open water standards - mask,
snorkel, fins, BC or skindiving vest,
weightbelt, protective suit if required for
locality
1. Don, dorf and care for equipment;
select or adjust weights for proper
buoyancy control so as to be able to
experience neutral buoyancy.
2. Surface dive, descend with deliberate control and proper ascent and
surfacing techniques, including snorkel clearing.
3. Ascend from depth demonstrating
control, proper ascent and surfacing techniques, including snorkel
clearing.
4. Equalise all air spaces in equipment
and body during decent.
5. Recover an object from 3 - 6 metres
of water.
6. Demonstrate self-rescue techniques, including ditching weights
and relieving simulated leg cramps.
7. Assist and transport another diver
on the surface.
8. Demonstrate correct procedures for
entries and exits; where surf prevails, demonstrate surf entries and
exits.
9. Remove and replace mask, fins
weightbelt (in turn) at the surface.
10. Demonstrate proficiency in all required skills and endurance compatible with minimum standards.
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Self Test
1. Throw your mask and snorkel into the pool. Put on your
fins and duck dive to find the mask.
2. At the bottom of the pool, put the mask on.
3. Now tilt the head and clear the mask with the air that is in
your lungs.
4. Now return to the side of the pool and show the cleared
mask to your instructor or buddy.
A more comprehensive test is shown below (after Jensen
1990). You should be able to demonstrate the following for
the pool components of the test:• buddying
• fitting and adjusting of equipment
• cleaning and anti-misting the mask
• entries:- safety jump, backward roll, submerging
• breathing through and clearing the snorkel
• fining
• ear clearance with and without a mask
• duck dive to the deepest part of the pool
• swimming underwater with and without a mask
• clear the mask of water while submerged
• remove and fit equipment while treading water
• swim 25 metres, any style
• float for 5 minutes
• tread water for 2 minutes
Junior skindivers test
• Snorkel face down to the end of the pool and back.
• Snorkel half way, duck dive and swim along the pool’s
bottom.
• Throw in three coins, and ask for one to be found.
• Hand signals and names of equipment parts.
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Practical work
In the pool or confined water situation with mask, snorkel, fins
Enter water - giant stride, submerged entry.

●

Ditch and recovery - blast and displacement methods of clearing

Wet Paper

●

Fig 23: Pool test (After Jensen (1991)
NAUI Note
In the pool, confined water or open water situation with mask, snorkel, fins (BC or skindiving vest required if open water)
●

Distance swim of 400 metres, non stop, using no hands and breathing from snorkel at least one-half the distance

●

Survival swim of 5 minutes while removing and replacing mask, fins and weightbelt (in turn) if worn

●

Underwater swim of 18 metres, one breath, no pushoff or dive

●

Underwater swim of 35 metres, taking no more than three breaths during swim

●

Recover a 4.5 kg object from between 2.5 and 5 metres depth of water

●

Transport a skindiver of equal size 35 metres on the surface

●

Bring a skindiver simulating unconsciousness to the surface from 2.5 to 3.5 metres of water
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Underwater sciences
Most oceanographers these days use SCUBA and a knowledge
of how changing conditions affect the human body is essential
for survival.
How often do we hear of a diver getting the bends? How
dangerous is it to dive underwater and what knowledge is
required?
This section looks at some of the theory behind diving underwater.
If you are interested in diving, you must do a proper course by
a well qualified and reputable dive instructor. An understanding
of why things happen often makes them easier to understand.

Sound
Sound produced underwater travels
greater distances and at a speed four
times faster than in air. As a result of this
increased speed, sound seems to come
from all directions, and this tends to
throw off our responses until we adapt to
it. In fact sound travels through dense
mediums faster overall. If you put your
ear to a metal railing and have a friend
tap on it some distance away, you will
hear the sound through the railing faster
than through the air. As we saw earlier in
this book, communication underwater is
limited to a set of standard hand signals.
Almost no sound is transmitted from air
to water or water to air - the diver may
need to adjust to the silence underwater.
More importantly the skindiver must be
very aware of the dangers of boats when
surfacing.

Sound in air

Sound in
water

?

Fig 24 Sound in water travels faster
and therefore it is difficult to tell where
it is coming from

The next section seeks to explain the reasons why some of the
experiences underwater appear or feel different than on land. To
be safe, the diver must be willing to adapt to the changing
conditions of an aquatic environment rather than struggle against
them. To do this there is a need not only to know how things
physically change from air to water but also to gain a scientific
understanding of why they do.
The physiological differences which the diver must adapt to can
be summarised under the following; sound, sight, temperature,
buoyancy and movement and pressure.
Sight
The eye must be protected in order to see underwater. The
wearing of a face mask provides an air space so that the rays of
light can focus on the retina. The next chapter on underwater and
pressure describes the processes that lead to the distortion of
images caused by water. This chapter deals with the structures.
On the outside of the eye is the sclera which helps maintain the
eye’s shape. The choroid contains blood vessels which help
nourish the retina which is on the inside of the eye. Light enters
the eye through the cornea, aqueous humour, lens and vitreous
humour all of which bend the light towards the retina where an
upside down image forms. The eye can focus light onto the
retina by means of contracting or relaxing the ciliary muscles
holding the lens. The purpose of the aqueous and vitreous
humours is to maintain the eye’s shape.
The retina has a set of light sensitive cells which process the dots
of light that fall onto the retina and send nervous impulses to the
brain via the optic nerve. A blind spot forms where the optic
nerve leaves the retina. On top of this blind spot is the fovea
which processes colour and fine details through its light sensitive
cells. Having two eyes allows us to see depth. In water this depth
is affected by the bending of light as it passes from water to the
glass of the face mask and then into the eye.

Wet Paper
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Muscle
attachment

Sight
When there is a layer of air between our
eyes and water, objects appear to be
one third larger and closer than they
actually are - due to refraction.
As the depth of air varies (e.g. when the
flat face plate in a mask is positioned
over the curved surface of the diver’s
head), the extent to which light bends
will vary. This causes objects to appear
to curve at the edges when viewed
through a mask (pin cushion effect).
As depth increases, the range of visibility
and the intensity of colour - especially at
the red end of the spectrum - decreases
due to the diffusion and absorption of
light, hence brightly coloured marine life
appears greeny-blue.

Choroid
Iris
Ciliary
muscles

Aqueous
humour

Sclera

Retina

Optic nerve

Lens

Blind spot

Cornea

Vitreous
humour

Fig 25 The eye
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Light
Light behaves differently in water than it does in air because as it
moves through a different medium it refracts . Refraction is
defined as the process by which light is bent as it passes through
different media.

No
Mask
Eye fluids

Water

When a ray of light passes from water (more dense) to air (less
dense) it bends away from the surface of the face mask.
No mask - not as much refraction not in focus

Mask

Blue

Yellow

Green

Eye fluids

Air

Orange

Red

Water

0m
5m
10 m
15 m
20 m
25 m

Fig 26 Light penetration and refraction

In water rays of light are not bent as far and images focus behind
the retina. This is why fish appear blurred when seen without a
mask. When a mask is used the rays of light enter the eye normally
and the image is clear. However the mask has a magnifying effect
and objects appear closer and one third bigger.
With depth, rays of light become more diffused (spread out) and
more of the light is absorbed. Different colours can also penetrate
different depths as shown in Figure 26. As depth increases, the
range of visibility and the intensity of colour - especially at the
red end of the spectrum - decreases due to the diffusion and
absorption of light, hence brightly coloured marine life appears
greeny-blue. This will affect the amount of photosynthesis and
dissolved oxygen in the sea. Can you suggest why? Light also
can only penetrate for about 200 metres. The average depths of
the seas is 5 kilometres, so the vast majority of this kingdom is in
total blackness.
Temperature
In open water the diver will experience temperature changes
(thermoclines) of 10 degrees to 20 degrees centigrade between the
surface and depth. This combined with the fact that water is a
good conductor of heat should make the diver aware of the need
to prevent heat loss which can cause cramps and/ or hypothermia.

Wet Paper
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Water draws away heat 25
times faster than air

Fig 27 The skindiver will loose heat 25 times
faster in water
Wet Paper

Archimedes Principle

“An object immersed in water will
displace a volume of water whose
mass is equal to the upthrust”
But will it float?
Sample problem. An object has a
volume of 75 L and a mass of 150
kg, when weighted in air.

The average diver will usually float (positive buoyancy) in water
especially when wearing a wet suit.
To reduce the effort
required to submerge, a state of neutral buoyancy (weightlessness
in water) can be achieved by wearing a weight belt. Finally when
you breathe in, you will rise. When you breathe out you will sink
because the air in your lungs adds to the upthrust.

Buoyancy
When objects are placed in water they will either float, sink or
occasionally appear to hang in mid stream. When an object is
placed in water so that it is partially or totally immersed it will
displace a volume of water equal to the volume of part of the
object immersed. (This method is often used to determine the
volume of irregular solids. The displacement of a ship is
measured in this way - see Chapter 1.)
The upthrust on an object is equal to the mass of the volume of
water displaced by the object.

(i) What will the apparent mass
of the object be when placed
in water?
(ii) Will it float?
Ans:

80 litre
skindiver
Density of water in
tank = 1 kg/litre

Density =

Mass
Volume

Mass = density x volume
= 1 kg/litre x 80 litres
= 80 kilograms

(i) Volume of object = 75 L
Mass of H2O displaced = 75
L x 1 kg/l = 75 Kg

80 litre skindiver
totally immersed

80 litres seawater
displaced = the
upthrust

(Upthrust)
Apparent mass = Mass in air - Upthrust

Fig 28 The upthrust on an object is equal to the mass of the volume of
water displaced by the object

= 150 Kg - 75 Kg = 75 Kg

Wet Paper

Ans: The object will appear to be
half as heavy
(ii) The object has a mass of 150Kg.
The upthrust is equal to 75 Kg.
Therefore the object will sink.
If a skindiver puts on a wetsuit, the
volume displaced will be greater
and so will be the upthrust. The
skindiver will be more buoyant.

• When the upthrust is greater than the mass of the object it will
float and have positive buoyancy.
• When equal to the mass of the object, it will just float on the
surface and the skindiver is said to have neutral buoyancy.
• When less than the weight of the object, the skindiver is said
to have negative buoyancy.
Positive
buoyancy

If a skindiver puts on weights, which
are small but have a high density,
less water will be displaced, decreasing the upthrust and so the
skindiver will sink

Wet suit

Sea level

Neutral
buoyancy

Negative
buoyancy
Weight belt

Fig 29 Positive buoyancy can be achieved by using a wet suit or BC,
negative buoyancy can be achieved by using a weightbelt
Wet Paper
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Movement

Worked example
A diver has a volume of 80 litres and
a mass of 75 kg, when weighed in air.
What will be the apparent mass when
placed in water and will the person
float or sink? Density of water = 1 kg/
litre.

When swimming on the surface about 90% of our forward
propulsion is achieved by a vigorous arm action. The legs are used
to maintain floatation of the lower half of the body thus streamlining
the body as it moves forward ‘over’ the water. In skindiving the
opposite occurs and forward propulsion is achieved by a slow,
steady leg action. The arms are placed by the sides for streamlining
or used to operate equipment or to carry things. As a result, the
skills of fining need to be developed.

Volume of person= 80 litres, Mass of
water displaced = 80 litres x 1 kg/litre
= 80 Kg (UPTHRUST)
Apparent mass of diver = 75 Kg - 80
kg = -5 kg .

Secondly, when swimming on the surface, the head is ‘pulled’ out
of the water to inhale. When skindiving, you must learn to keep
your face in the water and breathe in a relaxed manner through the
snorkel. The correct use of the snorkel and the ability to clear it and
the face mask while the head is submerged are essential in
conserving energy and making skindiving a relaxed, safe and
enjoyable experience.

The diver will float because he or she
weighs less in water.
When the upthrust is greater than the
mass of the object, the object will float.

Lungs
full of air

Pressure
As depth increases so does the pressure. As pressure increases,
the volume a given amount of air occupies, also decreases and
there is a specific relationship between the pressure of gas
compressed and the volume the gas occupies. This relationship
was first discovered by Robert Boyle.

When you breathe in you will rise
and when you breathe out you will
sink because the air in your lungs
adds or subtracts from the upthrust
by changing the volume of your
body

Wet Paper

Lungs
with less
air

Many students have diving tests at a doctor to establish their lung
capacity before they can do a dive course. The average lung
capacity is about 4 litres. Ask around the class to see what is the
lung capacity of others. Pressure in diving is also measured in
atmospheres. The pressure at the surface of the sea is 1 atmosphere.
But what of Robert Boyle and the problems experienced by
oceanographers as they seek to understand the depths of the sea?
Most oceanographers these days are SCUBA trained. In fact it is
usually a prerequisite for any person considering a career in marine
biology. The following rather incomplete discussion relates to
pressure and SCUBA training. To become fully qualified, do a
course with a recognised dive instructor the addresses of which are
at the end of this chapter. The discussion however is useful for
skindiving as it relates to the pressure in the lungs for 20 metres
below the surface of the sea.
Pressure and depth

Fig 30 The pressure increase can be
seen if we fill a can with water and drill
holes in the side
Wet Paper
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As depth increases so does the pressure. This can easily be seen if
we fill a can with water and then drill some holes in the sides. The
water at the bottom spurts out the furthest due to pressure. There
must be something that pushes the water out. Water is made up of
molecules, tiny pieces of matter that you would have learnt about
in junior science classes.
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Pressure facts
★ The weight of the column of air above
us exerts a pressure equal to one
atmosphere.
★ Water is much more dense than air about 800 times.
★ Only 10 metres of water is needed to
give a pressure of approximately one
atmosphere.
★ Boyle's law states that the greater the
pressure of a gas the less its volume.
(if the temperature is the same)
★ Pressure = 1/ volume (Temperature
constant)
★ Double the pressure - halve the volume
★ Triple the pressure - reduce the volume by 1/3
★ Changing the pressure affects air
spaces in the body, lungs, ears, sinuses and even in air spaces under
fillings in your teeth
Fig 31 Pressure facts - (After Hall, S. 1991)
Wet Paper

Boyle's law experiment
The calculated values for pressure at a variety of depths are as
follows. Note that the pressure at the surface of the sea
(atmospheric pressure) is = 1 atmosphere (100 kPa)

House brick

Sturdy
stand
Plunger

Boss
head

Clamp
Syringe

Firm
support
Rubber stopper
with hole to accept
syringe
Bench top

Fig 32 Boyle's Law experimental apparatus

But how can this be explained in terms of molecules? What is
the point of investigating the relationship between Pressure and
Volume?
Pressure comes about from the molecules of a gas striking the
walls of a container. It is a measure of the force with which the
molecules strike a unit area of wall of the container. The
molecules of a gas move about in straight lines and only change
direction when they collide with the walls of the container or
other molecules. Their movement ensures that they occupy the
entire volume of the container.
So if the container is large (large inside surface area) and the
number of gas molecules is small, then the pressure will be low.
That is small numbers of molecules strike a large area of surface.
Decrease the size of the container and you increase the rate at
which the molecules strike the sides and so pressure increases.

Wet Paper
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This can be shown in an experiment based on Boyle's Law and is
shown in Figure 33.
Results
p=1
p=2
p=3
p=4
12

V = 12
V=6
V=4
V=3

pV = 12
pV = 12
pV = 12
pV = 12

P times V = a
constant value

x

x

x

x

9
pV

As the plunger is pushed in, the inside surface area is made
smaller. The pressure is seen to increase and we could expect to
collect results like this.
1 Brick = 12 mls, 2 bricks = 6 mls, 3 bricks = 4 mls, 4 bricks =
3 mls
If we tabulate the results as shown in Figure 33 we can see that
the p x V value is 12 every time

6
3
1

2

Boyle's Law results

3
p

4

The relationship between pressure and volume can now be
expressed mathematically as follows:
P x V = K (a constant value as seen in the experiment)

Boyles Law
P V = P V
1 1

2

2

If K remains a constant value then we can relate these
mathematically. This is what we are trying to prove by plotting
pV v’s p. Because the line is straight then pV is equal to a constant
value no matter what the conditions.
So if P1 V1 = K (a constant)
and P2 V2 = K (the same constant in a new situation i.e. 2 bricks)
then P1 V1 = P2V2

V = 4 litres

P = 1 atmosphere

Now if we double the volume, we halve the pressure as follows:If P1 = 1, V1 = 1, V2 = 2, what will P2 = x
P1 V1 = P2V2
1x1

= xx2

x = 1/2 (the pressure has been halved)
V = 2 litres

P = 2 atmospheres

Fig 33 Applied Boyle's Law
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The effects of pressure
are discussed in the next
chapter

The formula P1 V1 = P2V2 can be used in a variety of calculations
by oceanographers to calculate volumes and pressures.
Figure 33 shows that at 10 metres, the volume of air in a person
with a lung capacity of 4 litres is halved. Before you can enrol in
a diving course you need to have your lung capacity measured by
a qualified practitioner. Once you know your lung capacity you
can calculate, using this Boyle's Law, how much air you will have
in your lungs at 5, 10, 15 or even 20 metres.
If you hold your breath during ascent, serious damage can occur
to lung tissue and the body compensates for a halving in pressure.
NEVER HOLD YOUR BREATH ON ASCENT.
Pressure on the body
Pressure is important to the safety and comfort of the diver when
the number of pockets of air in the human body are considered.
If the diver doesn’t equalise the pressure difference in these air
pockets, damage to the surrounding tissue will occur. These
effects and others are discussed in Chapter 10.

Marine Studies Copyright Wet Paper 2014

Chapter 9 Skindiving 231

Revision questions

Open water skindiving

1. Name three main attitudes to have
before beginning skindiving giving reasons for your answer.
2. Where is the best place to learn
how to snorkel and why?
3. What would you consider a minimum swimming distance to prove
you were fit enough to snorkel?
4. Why is floating a good way to
learn skindiving?

6. There are two ways to clear a
snorkel. Name each and state
how best to perform the manoeuvre.
7. Draw a diagram of the ear and
describe how the ear is "cleared"
8. Name three ways of entering the
water and describe one safety precaution with each.
9. Draw diagrams to illustrate the
signals for the following:- up, down,
stop, danger, OK, OK at surface,
help at surface, pick me up.
10, What is hyperventilation and why
is it dangerous?
11. What is a pike dive and how is it
different from a submerged dive?
12. You are just about to surface and
have been told to use the displacement method to clear the
snorkel. What do you do?
13. Why do you have one outstretched
hand when surfacing?
14. Which muscles should you not
use when fining? Why?
15. What should a buddy do when the
partner takes a dive?
16. Why does sound appear to come
from all directions underwater?
17. Draw a diagram of the eye marking in the following:- choroid,
sclera, retina, blind spot, optic
nerve, cornea, vitreous humour,
cornea, lens, aqueous humour,
iris, ciliary muscles.
18. Draw a diagram to explain why a
fish appears 1/3 bigger underwater than on land.

232 Chapter 9 Skindiving

Wet Paper

5. Describe one way to clear your
mask using air displacement from
your nose.

Fig 34 Open water skindiving. The boat in this photo was supplied from
a Schools Commission Grant to the Gladstone Oceanographic Studies
Program in 1979.
Thanks David Kopelke for assistance with this photo and GOSP

Safety
Do not go into open water skindiving unless you are a good
swimmer, have mastered the basics, are organised with a boat
and other experienced skindivers, and are aware of the potential
dangers marine organisms pose and the treatment in case of
accident discussed in the next chapter.
In this section you will go on a skindiving excursion to open
water. This is where theory is put into practice and here real
enjoyment begins.
Open water is defined as any water not enclosed by a barrier or
fence and contains organisms in their natural environment. It
should be respected, admired and treated with caution.
Parental permission
Note the following information is way out of date

Resort operators, teachers and instructors should consider
carefully the following twelve rules, and modify them according
to local policy. Under Australian Law it is impossible for a
parent to sign over his or her rights as a parent.
Forms which state that the parent agrees to indemnify the
operator, teacher or resort operator are just not worth the paper
that they are written on. It is up to the instructor to make sure that
every care and safety precaution is taken for the well being of the
class under his or her control.
Forms should fully inform the parents of the activities that are to
be undertaken.
Marine Studies Copyright Wet Paper 2014

Persons in charge of the skindiving trip are also duty bound to
look after the skindiving party by explaining local conditions,
providing well maintained equipment, and for safety lines and
first aid kits in case any emergency occurs.
Note the following information is way out of date

Revision questions
1. Draw a diagram to show why fish
appear out of focus when not wearing a face mask.
2. How many times faster does water
draw heat away from the body
compared to land?
3. Define the term upthrust.
4. What is the formula for density?
5. State Archimedes Principle.
6. How is positive buoyancy achieved
by a skindiver?
7. How should a skindiver weight himself for open water skindiving?
8. Calculate the upthrust of a 95 litre
skindiver.
9. A 80 kg skindiver dons a wet suit
and loads with 10kg of weights.
On the scales he weighs 95 kg but
displaces 90 litres of water with a
density of 1kg/litre. Will he float or
sink?
10. Who discovered the relationship
between the pressure of a gas and
its volume?
11. What was discovered and describe
the experiment to verify the discovery.
12. Where does the greatest change
in pressure occur in your body
when diving?
13. Define Boyle's Law as it relates to
two different pressure and volume
situations.
14. A skindivers lungs have a capacity
of 4.25 litres on land. What will be
their volume at:
(a) 5 metres?
(b) 10 metres?
(c) 20 metres.

Marine Studies Copyright Wet Paper 2014

1. Parental permission for unaccompanied minors should be
obtained by using a signed form.
2. The area of student activity should be well defined. Waters
where there are large tidal flows, currents, poor visibility,
large amounts of underwater vegetation, known dangerous
marine life and many power boats should be avoided.
3. A safety boat or line attached to the shore is recommended
with a float at one end as described earlier.
4. The divers flag must be clearly displayed.
5. A set of skindiving signals should be established between the
leader of the group and the skindivers in the party. A common
signal used is a whistle. One blast stop and listen, two blasts
come to the whistle blower. The leader should be either in the
boat, or at the end of the line.
6. Some form of contact should be established between the base
and the skindiving party. Boats usually carry marine radios,
but if skindiving from the shore, the nearest telephone or car
should be well known.
7. Students are to wear at all times, such skindiving equipment
appropriate to the area concerned in a manner appropriate to
the equipment design. Skindiving in pools requires only a
pair of sand shoes, a mask and snorkel. Skindiving over a reef
crest requires a buoyancy device (vest or wet suit), fins,
possibly weight belts, masks and snorkels.
8. Check the area out for the best possible entry! Avoid rocks
with sharp barnacles and areas where waves crash on rocks or
reefs . Never snorkel around rocks in heavy surf.
9. From a boat it is relatively easy however to look around first.
Don’t dive in, and watch any loose ropes inside the boat.
10.
Don’t
climb
down ladders with fins on. Adjust your face mask and snorkel
in position and put your fins on in the water or jump into the
water with your fins on. When you get into a boat, take your
fins off in the water and carefully put them into the boat before
climbing in.
11.Never dive head first into the water while wearing a mask use a backward roll or safety entry.
12.Always have a skindiving plan - drop over a safety line and
snorkel to or around it. Establish a time to be back and stick
to it.
The next chapter discusses safety and skindiving practices as
well as dangerous marine creatures, first aid and survival in the
sea.
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Boyle's law experiment
Aim To discover the relationship between pressure and volume
You will need
l 3/4 house bricks
l a syringe and rubber stopper
a sturdy clamp that can hold the syringe in place while the bricks
are placed on it
l some graph paper, ruler and pencil
What to do
1. Set up your experiment as shown in the diagram on Page 230.
Make sure you clamp the syringe on firmly so that it does not fall
over.
2. Press down on the syringe a few times letting it go to loosen the
sides of the plunger. When you have primed the syringe, record
the number of mls at the side and record this as V1 =....
Now the corresponding pressure will be 0 bricks.
3. Now place one brick on top of the syringe and note the volume
decrease on the side. Record this new volume as V2 and the
pressure P2 = 2 bricks.
4. Repeat this for three, four and five bricks.
5. Record this in a data table as follows, where P, the Pressure is
the number of books, and V the volume, the amount of
compressed air left in the syringe above the stopper.
6. Now answer the following questions.

Pressure (no of bricks)

Y axis

Y axis

Pressure (no of bricks)

Volume in mls

X axis

X axis
1
Volume in mls

Questions to answer (After Cerato. S. (1991)
1. Are there any points which are obviously suspect that you
observed from your graphs?
2. Did the experiment go ahead without mishap? Was there any
leakage of air from the stopper? Are there any uncontrolled
variables that could have affected your results?
3. When you did the experiment, how far did the syringe go down?
What did you notice as you added more bricks? Would the
addition of another 4 bricks make any difference to the
experimental results? Explain.
4. Make up a data table as follows
Pressure

Volume

1/volume

(no of bricks)

Fig 35 Sample results
Wet Paper
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5. Inspect your results. What happens as you add more bricks?
What appears to be the relationship between P and V?
6. Now draw two graphs. The first graph (p v's V) called an inverse
relationship. The second (p v's 1/V) called a direct relationship.
Describe the shape and gradient of each graph.
7. Your second graph is a straight line (i.e. P = 1/V). The gradient
of this graph is known as K and is a constant called Boyle's
constant. What is the value of K on the basis of your results?
Marine Studies Copyright Wet Paper 2014
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8. We have ignored atmospheric pressure in our experiment.
Does your line P v's 1/V pass through the point of origin?
Could this be due to atmospheric pressure? Explain.
9. Can you assign a value (in number of bricks) to explain
atmospheric pressure? (Where does your graph cross the Y
axis?)
10.What conclusion can you draw from this experiment?

Fig 36 Open water skindiving off a reef crest.
Decisions have to be made about what
constitutes open water and individual schools
will have to decide. If this is classed as open
water all the students should have BC's.

Open water activities
One of the most enjoyable experiences for the skindiver is to
dive in open waters. Figure 34 (Page 232) is open water but what
about Figure 36 opposite. Decisions about the use of BC's in
open water have to be made prior to this activity. If in doubt,
spend the money and buy a set of BC's.
Activity 1 Manta towing
This technique was developed by the first marine park officers
of the Great Barrier Reef Marine Park Authority so that they
could study a large area of reef while collecting data. The
officers made a manta board from marine ply and placed their
study sheets on it.

Safety
Each boat is surveyed or built for a
certain number of people. This should
not be exceeded and it should be assumed that if all the skindivers from the
manta tow got into the boat, along with
an observer and driver, this would not
exceed this legal amount.

Wet Paper

Read the section on water ski hand
signals as a preparation for this activity.
Fully brief the manta tow party and
arrange organised hand signals.
Fig 37 Manta towing technique and boat
Allow for ample room behind the prop
for the first skindiver.
Apply the manoverboard procedure
when picking up skindivers. i.e. engine
in neutral and off.

Later on, schools who took excursions to the reef, modified this
technique by taking some rope about 20 metres and tying five
or six sheep shanks along the length about the space of a
skindiver. The skindivers were then towed along behind the boat
and over the reef.
A 3.5m boat with a 55hp outboard is about the minimum for
extended work with four people being towed at any one time.

Wet Paper
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Another way is to use a manta board The idea here is to use the
manta board to dive down underwater and observe different
seascapes. Don’t forget to equalise and arrange a set of hand
signals with the boat operator regarding fast and slow.
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Activity 2 Make an underwater slate
In the following activities you will need an underwater slate;
some drafting paper cut to fit, masking tape and a pencil attached
to a string make a good slate. Alternatively the slate can be from
white perspex and the students can write directly onto the slate.
Back on shore, transcribe the information back into your note
book using reference books for the area in which you are
skindiving.
Activity 3 Identifying underwater organisms

R. Bedford

M. Hastie

Fig 38 Some fish or plants you will see underwater. Try to learn a few each time by drawing them on your slate
Wet Paper

At home you should start an underwater life scrapbook in which
you can record the life forms seen on each skindiving trip. This
way you will learn more about the sea and if you decide to take
photographs later, you will know what you are taking.
See Chapters 15, 16 and
17 for aspects of marine
life that are worthy of
study while skindiving

In this activity you can snorkel around a rock, bommie or ledge
and look for fish. When you find some, draw no more than three
because when you start, fish names are very hard to learn. It is
best to learn three each time you snorkel and gradually build up
your knowledge as you go.
There is an enormous diversity of life forms near the rock or
coral ledges in our seas. Look carefully in and around crevices
and draw any three organisms that you find.
Look for
barnacles, feather stars, small crabs, corals, worms, sea urchins,
shrimps, crayfish, moray eels, shells, scallops, sea anemones.
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Activity 4 Identifying relationships between organisms

Fig 39 Cod and cleaner wrasse. These cleaner fish seek out parasites on larger fish .
Wet Paper

The cleaner wrasse is a long dark coloured fish with a blue stripe
along the lateral (side) surface. It is a very common fish that
associates with many larger fish because it cleans the parasites
off their skin.
Look for the anemone and the clownfish, the goby and the
shrimp, the starfish and the coral, or any other association
between two animals, or between animals and plants. Make a
record of the association and research who benefits (from
reference books). Look for the following:• Goby and schrimp
• Turtle weed and crab
• Cleaner wrasse and fish
Activity 4 Plants that live in the sea

Fig 40 Codium, a marine plant found in
shallow waters
Wet Paper

Equally important to the sea’s ecology are the plants. They
supply the oxygen that the animals live on. Some plants, called
algae, live on rocks or coral. Don’t confuse the sea anemones
or corals with plants, because they have a system that requires
feeding on living materials. Look on the rocks or corals for
different coloured algae or seaweeds. Look at the ways these
plants attach themselves to the rocks and once again learn three.
Draw them on your underwater paper and find out their names
when you get home.
Activity 5 Organisms that float in the sea

Fig 41
Free swimming jellyfish that are
fascinating to watch swimming
Wet Paper
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As you snorkel, look at the water in front of you. With the naked
eye it is possible sometimes to see the plankton that live in the
sea. Plankton is so named because it is the lifeform that floats.
It includes jellyfish, arrow worms, snail larvae, fish fry (baby
fish), microscopic plants and animals too numerous to name.
There is more plankton in the sea than animals on the earth.
Over seventy percent of all the oxygen that we breathe on the
land comes from the plants in the sea. Later on in this book, you
will learn more about these amazing creatures. If you have a
plankton net you could catch some of these organisms and have
a look under the microscope.
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Activity 6 Feeding fish
Take some pieces of stale bread down and sprinkle it over some
small fish. Watch how the fish come up and feed.

More activities to do underwater can be found in the
publication Project Reef Ed
written by Byrnes, Oliver,
King, O'Neill, Marsh and
Moffatt (1989) - available
from the Great Barrier Reef
Marine Park Authority
Fig 42 Skindiver feeding Racoon butterfly fish
Wet Paper

Activity 7 A study of one fish
Study one fish and its behaviour. Make records on your sheet and
discuss it with others in the skindiving party. Some fish are
territorial and will chase other fish away.
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Process skills

Content

●
Discuss management procedures relatFirst aid management associated
ing to swimming, surfing, boating, snorwith dangerous marine organisms
kelling or diving.
Personal health dangers associated with expired air resuscitation
●
Discuss correct resuscitation methods
Appropriate first aid procedures
associated with common marine
●
Propose safe working practices while
injuries
working on or in the sea.
Dangerous marine organisms
Composition of a marine first aid kit
Recognition, treatment of shock,
puncture and open wounds, burns
and scalds, exposure and seasickness
DRABC Action
EAR
National Powerboat Training Scheme
ECC
Hypothermia
Sea Sickness
CPR
First Aid
Personal safety

●
●
●

●
●
●

●
●
●
●

NAUI National Training Scheme
General First Aid
Barotraumas
The Marine Environment
Miscellaneous complaints

Skills
●

Demonstrate care of the body associated with swimming and snorkelling

●

Rescue a patient from the water. In
rescuing the patient in trouble, you
should demonstrate the method which
is both effective and poses least danger to the yourself
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Attitudes
●

Become aware of the codes of behaviour
that are consistent with safe swimming,
surfing, diving and snorkelling

●

Demonstrate a willingness to assist those
in trouble.

●

Demonstrate a respect for swimming
regulations

●

Demonstrate a respect for and co-operation with those who seek to enforce these
regulations
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Using the sea can be a real pleasure. Fitness, sensible attitudes,
sound judgement, good self discipline, knowledge of your
capabilities and limitations, rescue procedures and survival
methods all make it a real pleasure. This chapter looks at what
can go wrong and how you should minimise the chances of
accident and injury. It introduces you to potentially dangerous
marine situations and then relates how the body's normal
functioning relates to the situation. The management of the
situation is then discussed in terms of first aid or action. But what
is a dangerous situation? Basically it depends on your fitness,
attitude and judgement.

Judgement

Fitness
If you are a sailboarder, sailor, skindiver or surfer you should
always endeavour to maintain good physical condition. These
activities do not demand great strength, but in an emergency
endurance and an ability to withstand heavy exertion, may be
tested. Emotional stability and mental attitude are also important
if called upon to handle an emergency situation. Learning to do
these activities can be easy, and may give a sense of security and
complacency to someone who is out of condition.

Fig 1 Fitness, attitude and judgement all combine to make a safe situation. This can be totally safe with the correct
combination or totally disastrous if not (Photo M. Tellermans)
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Attitude
If you are really interested in safety,
you will work hard and make a sincere
effort to learn. If you do this it will help
the instructor to help you. There will
be times when you will say, “Why do
I have to learn this?

Before undertaking either of these activities it is advisable
to have a medical check-up for:
• lung capacity (skindiving in particular)
• skin cancers
• ear infections or wax build up
• general physical condition (e.g: blood pressure)

I can’t see the importance of that.”
You will not be the first student to
have thought that, and naturally you
will not be the last. So give credit to
your instructor, and pay attention. It
may well be that he or she knows
more about the subject than you do.

Judgement

Once you gain your confidence, become aware of it. Bridger, D. (1978)
has said "Its only as safe as your own
level of personal confidence." Therefore if you feel confident in the situation shown in Figure 1, you have a
safe attitude.

If you do foolish things, no one will particularly want to
surf or snorkel with you and you may place yourself or
your buddy in a dangerous situation. At some stage in
your career, you will get yourself into a spot. Stay calm
and think, then act.

If you add commonsense and experience together, you
usually wind up with good judgement. The learner
naturally does not have the experience but should in all
instances exhibit commonsense during the course.

Fig 2 A critical position. If the surfer does not think quickly the lip of the wave will crash his surfboard onto his head concussion or death may result. A knowledge of the sea floor - coral, rock or sand. How deep is the water? Knowledge
of who was paddling out in front and an estimate of how many waves are following is essential. Who and how many surfers
may be following when I surface. All this relates to judgement, but is the surfer fit enough to cope (Photo M. Tellermans)
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The edge of sea is perhaps one of the greatest regions for injury. So
when you go near water adopt a different attitude and don't leave
your brains on the land. Potentially dangerous situations include:• entry and exit to the water
• faulty gear
• overconfidence
• rocks, coral, glass, rusted iron
• unfamiliarity with animals and plants
• rips, currents, tides, waves
• changes in weather conditions
• boats, and incompetent, or uncaring other people or both
Let us consider some of these situations and see if you can come up
with some suggestions why they are dangerous.

Situation 1: A meat works: An excellent skindiving or
surfing reef has been found near the mouth of a creek where
a meat works discharges its blood and offal. What potential
dangers would be associated with skindiving this reef?

gear. A group of skindivers plan to see if they can
recover this wealth and return it to their owners.
What dangers do you think would be associated
with skindiving around boats and boat harbours?

Situation 2: An exposed rocky headland. A group of
skindivers or surfers planned a trip to a rocky headland
exposed to surf. Which of the following forecasts would be
most favourable to surfing or skindiving and which would
present the most dangerous situation? Are skindiving situations different to surfing conditions? Why?

Situation 6: A quiet summer beach in Shark Bay.
A group of skindivers from Queensland are approaching the water’s edge.

Wind speed

Wind direction

Sea condition

Height of seas

5

-

10

Onshore

choppy

1.0 metre

5

-

10

Offshore

smooth

0.5 metre

0

-

5

None

smooth

0.5 metre

15

-

20

Onshore

rough

2.5 metres

20

-

25

Onshore

very rough

3.0 metres

0

-

5

Offshore

slight

0.5 metre

Situation 3: A rock pool. A group of skindivers planned a
trip to a rocky headland exposed to surf. On the headland
they found a series of pools that interconnected with each
other by tunnels under the headland. What are the dangers
associated with rock pools, surf and tunnels under the
rocks?

Situation 7: A day's fishing is planned. All is calm
and you pick up the weather map and it looks like
the one below.
Situation 8: A group of surfers are planning a day
at Bells beach Victoria and are shown the weather
map below.
Situation 9. A group is preparing to snorkel at
Monkey Mia in Shark Bay W.A.
Situation 10. A sailing trip is planned to the West
Coast of Tasmania.
Any other situations? You may like to discuss now,
a favourite skindiving, surfing or boating situation
near your classroom and make a list of some of the
possible dangers associated with skindiving there.

Situation 4: A reef pool. A reef trip is planned by a school
group. The group has a mixed ability level of students. The
reef is isolated with no phones, water, power or food. The
students are very keen to snorkel off the reef slope. Make a
list of safety equipment needed and suggest some of the
reasons why they should take it.
Situation 5: A boat harbour. It has been known that a
particular boat harbour has a wealth of sunken treasure in
the form of lost coins, wallets, outboard motors and fishing
BOM
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Well, how did you go? The lesson to be learned is that any
situation can be potentially dangerous.

Rips, currents and waves
Most rips and currents occur halfway between the tides. The tide
drops approximately by one twelfth of its tidal range each hour.
The tidal range is the difference between high and low tide. If
this is a large amount, then the tide will drop greatest in the 2nd,
3rd and 4th hours of the tide. Rip currents will be strongest
then and places with large tidal ranges should be avoided at these
times. The tide book for the area will show these tides. The
weather map will show what expected changes will occur. Local
knowledge will enable you to see how the environment reacts to
the change. For example, an offshore wind is great for the surfer,
but not so good for the sailor returning home to port. Fishermen
don't like a strong outgoing tide as it means the anchor will
constantly drag near a river mouth because of the strong tidal
flow. Some common marine situations causing problems are:• On the water e.g. boating
- wind over tide
- quick changes in weather e.g:- southerly busters
- large tidal flows or currents
• Under the water e.g:- Skindiving or diving
- variable currents with tide changes
- entry point
- visibility

Wet Paper

Entry into the water is critical - what
about the coral bommie just to the left
of the skindiver in the water?

Fig 3 As the tide rises, the reef will be covered. Currents will develop and waves will break
on this spot. Wave height will depend on whether the spot is a lee shore
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Fig 4 Rips can form in the surf,
around headlands or on offshore
islands.

Waves bend
around offshore
islands

Wet Paper

As the tide ebbs in a river estuary, the difference
in water heights caused by the geography of the
river, can cause a strong current. If a strong surf
is running at the mouth of the river a dangerous
situations can exist.
Rips form on
exposed beaches

River estuaries can have
strong currents caused by
tides

Sun tanning is unhealthy
The Australian Academy of Science in
their book, "Biology the common threads
", report that with the depletion of the
ozone layer, more UV radiation is entering
our marine environment thus affecting our
cells.
They say, " UV light can damage DNA
and, though DNA can replicate itself, some
of the changes are permanent. If a gene
that regulates growth is affected, uncontrolled cell division (cancer) may occur.
Some cancers may occur in the epidermal
cells - squamous cell cancer in the top
layer of newly formed cells and basal cells
cancer in the lowest layer of the epidermis. The latter do not spread rapidly and
can be removed surgically, though this
causes disfigurement."
"A form of cancer called melanoma may
occur in the pigment through the blood
and lymph to other parts of the body,
leading to the breakdown in tissue function and death."

UV radiation

Cell wall
Nucleus
(contains DNA)
Cytoplasm

Fig 5 Formation of skin cancer

We need to know much more than just technique if we are to
understand managing accidents. A knowledge of the parts of the
body that are affected by skindiving, and the ways the sea differs
from the land are part of being informed. Knowledgable people
develop respect and positive attitudes.

Basic physiology
Humans are multicellular animals. Biologists have classified
the body into four levels of organisation:
• Cells
• Tissue and glands
• Organs
• Systems
Cells
The basic functional part of our body is the cell. It is defined as
the simplest unit of life that is capable of reproduction by itself.
A cell takes in sugars, water and oxygen and makes carbon
dioxide, water and releases energy. This allows the cell to
perform basic body functions. The process is called metabolism
and can be summarised as follows:Water

+ Sugars +

-—>

Water +

Oxygen

Carbon dioxide +

Energy

Translated this means if the sun is allowed to burn sensitive skin
cells, they change into cancer cells which spread throughout the
body and eventually kill you.
Cold water will also significantly slow down body metabolism
resulting in cell failure and death. (See Hypothermia , Page 251)

Wet Paper
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Using creams
When skindiving or surfing in warm
waters often the backs of the legs,
the tops of the ears and back of the
neck is forgotten. Don't forget to use
a 15+ cream on these areas to avoid
skin cancer later in life.

Safety in the sun
All marine studies students and their teachers must guard against
over-exposure to the sun. Reflection off the water compounds the
problem. There is a pronounced tendency for students to
underestimate the likelihood of becoming burned. Apart from
short term damage by sun, the long term effects, including skin
cancer must be kept in mind.

Fig 6 Sun sense. Courtesy Telecom and Division of Health Promotion
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Tissues and glands
Tissues are groups of cells joined together to perform different
tasks. Cheek tissue has a number of cells that perform different
tasks. Can you think of them?

Epidermis
Hair

Touch
receptors
Hair follicle
Pain
receptor

Layer of cells
that burn and
cause skin
cancer

Blood vessel

Red blood
cells

Cancer cells form which move into
blood stream poisoning rest of body

White
blood cells

Fig 7 Cancer and skin. Skin is the tissue made up of specialised cells.
Wet Paper

Some tissues important to the skindiver are nervous, muscular,
capillary, blood, arteries and veins. Blood is a fluid (55%)
containing cells (45%) . The fluid is called plasma which
contains dissolved gasses, waste products, compounds and
elements essential to the body’s function. Red blood cells
contain haemoglobin which carries the oxygen around the body.
White blood cells have a nucleus and help fight infection.
Platelets are small organelles which clot the blood. The average
adult has about 6 litres of blood which completes 1000 cycles
each day.

Fig 8 Among other things red blood
cells carry oxygen and white blood cells
fight disease
Wet Paper

Some important glands are the salivary glands and mucous
glands in the nose. Gland cells group together to form glandular
tissue. Some problems with tissues and glands are discussed
over however if any problems persist, seek medical attention.
Salivary
glands

Fig 9 Saliva is an example that can be
produced from a gland
Wet Paper
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Organs
The heart is composed of muscle tissue. Such a larger group of
tissue is called an organ. Can you name any other organs in your
body? The stomach, liver, brain are a few. Each has a
specialised function. Some of the organs important to the
skindiver are the eye, ear, nose, throat, mouth, lungs and heart.
Organs are also affected by disease, pressure, shock and physical
damage some of which are discussed over.
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Baro = Pressure
Trauma = injury
Some of the more avoidable problems
which may develop before a skindive are:
★ Fatigue - It is not wise to start strenuous activities in the sea after a sleepless night or long journey.
★ Sunstroke - long sleeved shirts, barrier creams and hats are advisable if
some time is taken to reach the
skindiving area. Remove the patient
to a cool place and sponge with water.
If excessive sweating has occurred
the patient should be given water with
a teaspoon of table salt in every 600
millilitres of water. Seek medical advice.
★ Seasickness - this will not pass off
underwater - medications may cause
drowsiness which could be fatal. Lie
the sufferer down in the boat, breathing fresh air, until you reach shore.
★ Physical complications - be wary of
colds, infected sinuses, blocked ears
or any other ear troubles, any weakness of the heart, coronary vessels or
cardio-vascular system; or if there is a
past history of tuberculosis.
For
example don’t skindive if you have
sinusitis, emphysema, epilepsy, diabetes (danger of coma) or if you recently had hepatitis, nephritis or cystitis, unreduced hernia, or any operation.
★ Lack of physical fitness - many users of the sea are injured because
they lack the fitness to withstand cold
and exhaustion. Don’t use intoxicating liquor or dangerous drugs. Have
a regular medical examination. Good
sense and moderation is required in
consuming food before a snorkel avoid heavy meals replacing these
with frequent cups of tea, soup and
light snacks.
★ Psychological considerations such as fear of water or submerging,
inability to meet crises, susceptibility
to panic - all make some activities e.g.
skindiving, inadvisable.
★ Heat exhaustion Skindivers should
not spend too much time in wetsuits
out of the water, or spend extended
periods in open boats. Headaches,
cramps, rapid pulse and feeling faint
can result in heat exhaustion.
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Barotraumas
These refer to injuries caused by pressure. They affect places in
the body which have spaces such as the teeth, ear, lungs and
sinuses. To understand what parts are affected it is necessary to
look at the physiology of each.
The Ear
A study of the ear is important , because it is one of the most
common site for problems associated with swimming in the
water. Ear infections, burst eardrums, sea sickness and even
sunburn are all associated with this structure.

Pinna

Semi-circular
canals
Anvil
bone
Hammer
Stirrup
bone
bone

Outer
ear
canal

Auditory
nerve
Eardrum

Eustachian
tube

Oval
window
Round
window

Cochlea

Fig 10 Ear structure
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The outer ear. This has a pinna or ear flap, which is used to collect
the sound waves. The outer ear canal contains fine hairs to trap dirt
and some wax which can build up with age. It connects with the ear
drum or tympanum, which vibrates as the sound waves strike it.
Problems that can develop with the outer ear in skindiving are:
• the top of the pinna can get sunburnt
• wax can build up with age and impair hearing
• bacteria can cause an outer ear infection
• the eardrum can be damaged by pressure
It has often been said that the smallest thing you should put into your
outer ear canal is your elbow. Try this now! This is good advice
because you can seriously damage the outer ear by poking foreign
objects in to clear obstructions or to dry them out. If you have to dry
out your ears, use a mild solution of aqua ear that can be purchased
from the chemist. If ears give you a problem, seek medical advice.
If you have a very short hair cut, make sure you put suncream on the
top of the pinna. If you dive underwater, make sure you equalise the
pressure on either side of the eardrum. This is done by gently
blowing air up the eustachian tube which connects the mouth to the
inner ear.
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Mask

+

-

Fig 11 How the ear is equalised

+

The middle/inner ear. This is connected to the top of the mouth by
the eustachian tube. It can become blocked if a skindiver has a cold
or the flu. The tube must be clear if equalisation is to be possible and
so skindivers are advised not to dive underwater with a cold. Sound
waves pass into the outer ear canal and vibrate the tympanum. This
vibrates the bones of the middle ear and cause the oval window to
vibrate. The cochlea and semicircular canals are filled with a fluid.
The fluid in the cochlea is connected to the brain by the auditory
nerve. Fine hairs at the end of this nerve vibrate and messages are
sent to the brain which are then encoded as sound.
How barotrauma affects the ear
In skindiving or diving, pressure causes the air to expand inside the
ear. This pushes the tissue around the inner ear out and causes the
blood vessels close by to rupture and fire the nerve endings causing
pain. Pressure causes air spaces to reduce in size, which in turn put
pressure on surrounding tissue.

+
Nose
pinched
Mouth
closed

+

middle ear
equalized from
lungs or
swallowing

Ototiths in semi-circular
canals thrown out of
balance sending incorrect
messages to brain

Auditory
nerve

Stomach
reacts to
message

Brain sends message to
stomach

Fig 12 Seasickness is caused by a
physiological state

First aid and prevention
Damage to the ear can be avoided if the skindiver equalises the
pressure inside and out as discussed in the last chapter. If this is not
done, bleeding from the ear can occur, severe dizziness, pain,
impaired hearing or nausea may be observed. Lie the patient down,
cover the ears, reassure the victim and seek medical help immediately.
How we get seasick
The semicircular canals are responsible for balance, and if disturbed
may induce seasickness. The canals are filled with a jelly and
contain small otoliths. These are tiny balls which roll around in the
jelly stimulating nerve endings to fire and send messages to the
brain. If the body accelerates, the otoliths move and send impulses
to the brain which can correct the body’s position and muscular
adjustments can be made. However if the body is pitched and rolled,
the otoliths cause an over excessive stimulation of the brain and
seasickness results.
These days a variety of chemicals can be used to try to correct this
interpretation by the brain. Seasickness pills, patches which are
worn behind the ears or acupuncture pressure points on the wrists
can be used in some cases.
Outer ear infections. Infections in the outer ear will often result
from not allowing this ear canal to dry. Divers and swimmers in
tropical areas are most prone to these infections. Proper drying of
the ear canal is important. Commercial products such as “Aquaear”
should be used by those who suffer outer ear problems as a
preventive measure.
First-aid. Give aspirin to relieve the pain and seek medical advice.
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Frontal

The sinuses and teeth
Orbit of the
eye
Sphenoid &
ethmoid
Upper jaw
Teeth and
lower jaw

These are areas in the head which are open to nasal passages and are
designed to regulate heat and moisture in the skull as well as voice
control and smell. When a skindiver gets a cold these often fill with
mucous and the air gets trapped. Under pressure this air expands and
causes pain. The only cure is not to dive, just be content to snorkel
at the surface. Diving will only cause severe headache which is
treated with aspirin.
Teeth can also be affected by pressure where bacteria eat away
under fillings causing air spaces. Again these expand with pressure
causing pain. A visit to the dentist should fix the problem.

Filling

Air space

Tooth

Systems
In many cases organs work together to perform one function. Such
groups of organs form the organ systems. For example, the mouth,
oesophagus, stomach, liver, intestines, colon and anus make up the
digestive system.
Hypothermia

Fig 13 Pressure can affect the sinuses or
teeth causing pain if they are clogged by
mucous
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Water evaporating from the skin cools it. At sea, when the body is
continually getting wet, this cooling extends to the blood vessels
below the skin lowering the temperature of the blood. Continued
cooling of the blood will affect the organs to which it flows and their
normal functioning is effected. Internal cooling of the body is called
hypothermia and in severe cases can result in death. This is why
charts are drawn of life expectancy survival times at sea. One is
shown in Figures 14 and 15.
At night it often gets very cold at sea and the skipper should ensure
that persons on board have adequate clothing. During the day the
skipper should look for situations that could involve sunburn or
create overexposure. Children on board should be supervised at all
times..
The respiratory system
This comprises the mouth, nose, pharynx, trachea, bronchi,
bronchioles and lungs. It is responsible for the inspiration (breathing
in), expiration (breathing out) of air and the diffusion of gases at the
alveolar surfaces. During inhalation, the muscles of the diaphragm
contract and flatten. The ribs move up and out and the lungs fill with
air. During exhalation, the diaphragm and the muscles around the
rib cage, relax returning the chest to a relaxed position.
The nose and throat

Fig 14 Human survival time summer and
winter. After Dept. of Transport
Wet Paper
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At the base and rear of the mouth are salivary glands which produce
the enzyme saliva. Apart from aiding in the digestion of sugars in
the mouth, saliva can be used to defog the mask. If the user spits
inside the mask, the saliva acts as a wetting agent that will reduce
Marine Studies Copyright Wet Paper 2014
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Fig 15 Hypothermia and survival time.
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the surface tension of any water that tends to build up in the form of
fog.
The snorkel fits into the mouth and air is taken in from the snorkel
which must remain upright. From here the air passes down the
pharynx (throat) and into the lungs. It is prevented from passing into
the oesophagus and stomach by a flap called the epiglottis.
From here it passes to the trachea and then to the lungs. The trachea
is a tube which contains a series of cartilaginous concentric rings
which stops it from closing up. In resuscitation it must be fully open
if the victim is to receive air. This is why resuscitation requires
maximum head tilt as will be discussed later.

In resuscitation, maximum head tilt is required
for a clear airway to the
lungs.

The lungs
Nasal cavity
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Fig 16 Respiratory system

w
llo

a

sh

th

ea

br

th

ea

br

The trachea divides into two bronchi which in turn divide into
bronchioles. All have cartilaginous rings to help the air pass freely
in the system. They also contain cilia - fine hairs which grow from
the ciliated cells lining the trachea. Their function is to trap pieces
of dust and other particles which are usually coughed up as sputum.
The two lungs are cone shaped and lie in the chest wall. They
contain a great deal of elastic tissue and are protected by the breast
bone or sternum in the front and the spine in the back. A muscular
tissue called the diaphragm, attaches to the skeleton and helps fill
the lungs by moving up and down.
At the end of the bronchioles are millions of sacs called alveoli.
Alveoli are responsible for the exchange of oxygen and carbon
dioxide. The air we breathe in comprises 79% nitrogen, 21%
oxygen and a trace of carbon dioxide and other elements. The air
we breathe out comprises 79% nitrogen, 17% oxygen and 4%
carbon dioxide and a trace of other elements.

Wet Paper
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Oxygen and carbon dioxide transfer
The oxygen and carbon dioxide diffuse over the cell walls
of the alveolus. The rules of diffusion state that molecules
will move from areas of high concentration to areas of low
concentration. Oxygen from outside the system builds up
in the alveolus to a high concentration and so diffuses into
the blood and into the pulmonary vein. Carbon dioxide
builds up in the pulmonary artery to a high concentration
and so diffuses into the alveolus where it passes into the
bronchioles and out of the system. The lungs are surrounded
by two layers of very thin membrane (the pleura). One
layer covers the lungs and the other lines the chest wall.
The closed space between the two layers (the pleural
cavity) only contains a very thin layer of fluid to help
lubricate the movement of the lungs. If the pleura are
damaged, air can enter the pleural cavity and the lungs may
collapse as a result.
The circulatory system

Fig 17 How the alveoli work to exchange oxygen and
carbon dioxide
Wet Paper

This transports the blood to the body cells and contains arteries, veins and capillaries which help move the essential body
nutrients around the body. At the end of the arteries are capillaries which are one red blood cell thick. They are the points
at which carbon dioxide and oxygen transfer across at the cells. Poor circulation can result in cramps and can be overcome
by stretching the muscles in the region to increase blood flow. If this does not work then get out of the water and warm
the body. Some say that the intake of salt will improve circulation and reduce the likelihood of cramps.
The heart
The heart is in the middle of the chest slightly to the left. The heart beat can be felt just under the left nipple. It has two
separate pumps and four chambers. The upper chambers or atria, receive the blood from the lungs and body. The lower
chambers or ventricles, pump blood to the body or
Blood to
Blood
lungs. The heart needs a lot of oxygen to do
head
from head
this. The coronary arteries provide this
essential supply.
Right
Right
pulmonary
vein

Superior
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artery

Left
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Blood rich in oxygen from the lungs
enters the heart from the
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ventricle. Valves stop blood from
flowing backwards into the heart.
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to
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Fig 18 The heart and circulation
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Blood from the rest of the body passes into the heart
through the vena cava and into the right atrium. It is rich
in dissolved carbon dioxide and must be passed quickly to
the lungs for diffusion out into the bronchioles. It passes
into the right ventricle over the tricuspid valve and into the
pulmonary artery. From here it is forced into the lungs.
Arteries flow away from the heart. Veins flow towards the
heart.

The nervous system
This provides a mechanism for quick reactions and allows
us to process information and make decisions based on
prior knowledge e.g.: you should recognise fire coral after
this course so that if you see it when skindiving you will
know to leave it alone.
It provides a mechanism for keeping the body functioning
while you enjoy your time in the sea e.g: you don’t have
to think about your heart beating or your food digesting, the
automatic nervous system does all this for you.
Shock
The Divers Medical Companion (1990) defines shock as
follows:
“A prolonged fall in blood pressure is termed Shock. If
shock is not treated, death can follow due to inadequate
supply of oxygen carrying blood to vital organs such as the
brain.”
There are many causes of the inadequate pressure and flow
of blood and some are:• Blood loss from haemorrhage, external and internal, so
that there is not enough blood flowing, and at too low
a pressure.
• Nervous and emotional factors such as:- effects on heart action
- blood pooled in dilated large blood vessels
• Severe fright
• Exposure or painful injuries
• Vomiting or diarrhoea
• Heart attack
• Burns
• Severe bleeding
• Painful injuries
Signs and symptoms of shock
• Pale, cold, clammy skin
• Weakness, anxiety and restlessness
• Rapid breathing
Marine Studies Copyright Wet Paper 2014

• Heart rate slow, then fast and weak
• Shock is usually present following a dramatic
accident
• Progressive loss of consciousness
Treatment
• Lay the patient down and elevate the feet
• Reassure the patient

The skeletal system
• provides points of attachment for muscles used in
skindiving
• gives the vital body organs protection from
bumping from boats, rocks or equipment
• allows us to stand up with diving gear on
• provides places to put vital organs e.g.: the eye in
the eye socket or orbit.

General first aid
The urgent and over-riding first action in all first aid
at sea or ashore is to keep the patient alive by
ensuring a supply of oxygen to the brain. All else
is secondary - injuries can be dealt with after the
brain is assured of a constant supply of oxygen. For
a full understanding of first aid, the St. Johns
Ambulance scheme runs comprehensive courses
through ambulance centres. The St. Johns
Ambulance Association, SLSA and Royal Lifesaving Association all recommend the following
DRSABCD action to achieve this.

The DRSABCD action plan
We can remember this if we remember the
DRSABCD action plan. The illustrations on page
23 summarise the sequence given below.
• Danger
• Response
• Send for help
• Airway
• Breathing
• Compression
• Defibrillation (if available)

Fig 19 Defibrillator
Wet Paper
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Danger

Compression See Figure 20 (6) and (9)

As a first aider, your first priority must be yourself.
You are no use to anyone if you are hurt trying to
help an accident victim. Other rescuers would then
have two patients to deal with. Consider the risks
involved in helping another person. Some examples
are listed below.
• trying to rescue a snorkeller in distress if you are
a poor swimmer;
• trying to rescue a surfer in a rough sea with a surf
rescue board if you have never used a surfboard
before;
• assisting a person on a beach with broken glass in
bare feet or who was being attacked by a crocodile;
• trying to remove stinger tentacles from a patient
using bare hands.

Adults – place heel of hand in centre of chest. Place
other hand on top of first.
Children 1 – 8 years – place heel of hand in centre of
chest.
Infants <1 year – place 2 fingers in centre of chest.
Compress 1/3 depth of chest. Compress 30 times and
follow with 2 breaths.
Continue until ambulance arrives or person regains
consciousness or it becomes impossible for you to
continue.
Defibrillation See Figure 120

Response check See Figure 20 (2)

Follow the voice prompts on the machine if one is
available. If injured person shows signs of recovery,
roll onto side and check if they are breathing. Reassure
the person and bystanders.

The most common method used to get a response is
to touch and talk to them. (Remember COWS)

Cardiopulmonary resuscitation

Can you hear me? Open your eyes.
What's your name? Squeeze my hand.
Send for help NOW See Figure 20(3)
Call 000 for an ambulance or find someone with a
mobile and ask them to dial 112. Remain calm while
answering questions, state the exact location of the
incident, the phone number you are calling from and
what has happened as described in Figure 23.1 (3).
Airways See See Figure 20 (4) and (7)
Depending on what happened to them, the patient’s
breathing may be obstructed. Lay the patient on
their side, kneel near their shoulders and remove any
obstacles or vomit. It is very important to make sure
the airway is open as shown in Figure 23.1 (4).
Breathing See Figure 120 (5), (8) and (9)
Check for breathing by looking for chest expansion,
listening for the sound of breathing and feeling for
breathing movement on your cheek.
Position the airway as shown in Figure 20 (7)
Adults and children – tilt head backward. Place
one hand on the forehead and use the other hand to
lift the chin. (Note - for infants <1 year – do not tilt
head).
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Cardiopulmonary resuscitation (CPR) is a combination
of rescue breathing and chest compressions that delivers
oxygen and artificial blood circulation to a person who
is in cardiac arrest. It can be life-saving first aid and can
be done by one or more people.
A ‘heart attack’ occurs when the heart is starved of
oxygen. A heart attack can ‘stun’ the heart and interrupt
its rhythm and ability to pump. If the heart stops
pumping, it is known as a cardiac arrest.
This is because the heart does not receive enough
oxygen and cannot pump blood around the body.
There is no heartbeat because the heart is not working.
When the blood stops circulating, the brain is starved
of oxygen and the person quickly becomes unconscious
and stops breathing. Without treatment the person will
die.
CPR can be life-saving first aid
Cardiopulmonary resuscitation (CPR) can be lifesaving first aid and increases the person’s chances of
survival if started soon after the heart has stopped
beating.
If no CPR is performed, it only takes 3–4 minutes for
the person to become brain dead, due to lack of oxygen.

Marine Studies Copyright Wet Paper 2014

Fig 20 DRSABCD Chart
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By performing CPR, you provide the needed oxygen and circulate
the blood, so that the brain and other organs can stay alive while you
wait for the ambulance.
CPR does not guarantee that the person will survive but it does give
that person a chance when otherwise there would have been none.
CPR – the basic steps
These are the basic steps for performing CPR; they can be used for
adults, children and infants. They are based on guidelines updated in
2006 are easier to follow.

Fig 21 Expired air resuscitation
GCCC
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However, they are only a guide and not a substitute for attending a
CPR course. CPR is most successful when administered as quickly
as possible.
1. Check for danger – approach with care and do not put yourself in
danger.
2. Look for a response – is the victim conscious? Gently touch and
talk to them – if there is no response, get help.
3. Dial triple zero (000) – ask for an ambulance.
4. Check the airway – don’t move the person.
- Tilt their head back, open their mouth and look inside.
If fluid and foreign matter is present, gently roll them onto
their side.
- Tilt their head back, open their mouth and remove any foreign
matter (for example, chewing gum, false teeth, vomit).
5. Check signs of life – look, listen and feel for breathing.
- If the person is breathing leave them lying on their side.
- If they are not breathing, go to step 6.
6. Use mouth-to-mouth (rescue breathing) – if the person is not
breathing normally, make sure they are lying on their back and:
- Open the airway by tilting the head back and lifting their chin.
- Close their nostrils with your finger and thumb.
- Put your mouth over the person’s and blow into their mouth.
- Give 2 full breaths to the person (this is called ‘rescue
breathing’).
- Make sure there is no air leak and the chest is rising and
falling. If their chest does not rise and fall, check that you’re
pinching their nostrils tightly and sealing your mouth to
theirs.
- If still no luck, check their airway again for any obstruction.
7. Cardiac compressions – start chest compressions:
- Place the heel of one hand on the lower half of the person’s
breastbone.
- Place the other hand on top of the first hand and interlock your
fingers.
- Press down firmly and smoothly (compressing to 1/3 of chest
depth) 30 times.
- Administer 2 breaths.
Marine Studies Copyright Wet Paper 2014

Wet Paper

Fig 22 Pistol grip for EAR

- The ratio of 30 chest compressions followed by 2 breaths
is the same, whether CPR is being performed alone or with
the assistance of a second person.
- Aim for a compression rate of 100 per minute.
8. Maintain CPR – continue, repeating the cycle of 30
compressions then 2 breaths. Continue until ambulance
arrives or person regains consciousness or it becomes
impossible for you to continue.
9. Don't check the pulse. Regular recovery (pulse) checks are
not recommended as they may interrupt chest compressions
and delay resuscitation.
CPR techniques for young children and infants
Children aged 1–8 years

Wet Paper

CPR steps for children aged eight years or younger are the same
as for adults and older children, but the technique is slightly
different.
• Use the heel of one hand only for compressions, compressing
to 1/3 of chest depth.
• Follow the basic steps for performing CPR described above.

Fig 23 External cardiac compression

Infants (up to 12 months of age)
• Place infant on their back. Do not tilt their head back or lift
their chin (this is not necessary as their heads are still large in
comparison to their bodies).
• Perform mouth-to-mouth by covering the infant’s nose and
mouth with your mouth – remember to use only a small
breath.
• Do chest compressions, using two fingers of one hand, to
about 1/3 of chest depth.
• Follow the basic steps for performing CPR described above.
Stopping CPR
Generally, CPR is stopped for one of the following reasons:
• The person revives and starts breathing again on their own.
• Medical help, such as ambulance paramedics, arrive to take
over.
• The person performing the CPR is forced to stop from
physical exhaustion.
Recovery position
If pulse and breathing are present or once they return, lie the
patient in the recovery position being careful to avoid spinal
injuries.

Fig 24 Two operators 2 inflations and 30
compressions (Illustration courtesy Heart
Foundation)
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Regularly check their airway, breathing and circulation (all
other considerations are of minor importance), so do not leave
the patient unless absolutely necessary. If you didn’t do it before,
now is the time to get help.
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Continuing care
While you are waiting for expert help to arrive, you must still
care for the patient. Keep the patient under constant observation
and record everything that has occurred (if possible).
Changes to procedures
If you have an earlier edition of this book, then you need to know
the Resuscitation Council of Australia issued new resuscitation
guidelines.
For the latest information on resuscitation please check.
http://www.resus.org.au
Fig 25 Feeling for the carotid pulse (Illustration
courtesy Heart Foundation)

These pages however do not replace a practical course in
resuscitation run by either St. John Ambulance Association, Red
Cross, Surf Life Saving Association, The Royal Lifesaving
Council, your local ambulance service or any accredited rescue
service provider.
What to do if the person recovers during CPR
CPR may revive the person before the ambulance arrives.
• Review the person’s condition if signs of life return (coughing,
movement or normal breathing). If the person is breathing on
their own, stop CPR and place them on their side with their
head tilted back.
• If the person is not breathing, continue full CPR until the
ambulance arrives.
• Be ready to recommence CPR if the person stops breathing or
becomes unresponsive or unconscious again. Stay by their
side until medical help arrives. Talk reassuringly to them if
they are conscious.

Fig 26 One operator 2 inflations and 15
compressions in 15 seconds i.e. 4 cycles per
minute (Illustration courtesy Heart
Foundation)

Control shock
Shock occurs when blood pressure drops for a prolonged time.
Shock can damage vital organs such as the heart or brain, or
cause death if there is a lack of oxygen to these areas. Manage the
situation by trying to remove the cause of the shock, then lie the
patient down, with their feet higher than the head. Give some
reassurance to calm the patient.

Fig 27 Babies - resuscitation (Illustration courtesy Heart Foundation)
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Safety in the marine environment

Wet Paper

Wet Paper

Skindiving

Fig 28 Coral and coral cut

Entry into and exit from the water. Always carry your fins as
far as you can to the water’s edge. If you walk out with
sandshoes, take these off at the water's edge and tie them around
your waist. Pick the safest entry point. Look carefully at the
point where you enter the water. Try to walk in or submerge
slowly. Be careful of slippery rocks or coral that may break off
under your weight. Wear a pair of old gardening gloves if you
cannot afford divers gloves. Wet suits can be reinforced in the
arms and knees by pieces of carpet glued to the wet suit. This
protects the suit from cuts and scrapes. If you don’t have a wet
suit that protects the knees, you could wear a knee pad.
Remember that most accidents happen in the entry and exit
stages. Have your mask and snorkel positioned on your head so
that both your hands can be used for “balancing”. Keep low so
that if you slip and fall you don’t fall far.
Faulty gear. Obviously this problem can be solved by checking
gear beforehand. However be prepared to improvise. A rubber
band can be used to secure a snorkel or a knot can be used to hold
a broken mask strap.
Rocks and coral. If you wear protective boots, gloves and a
wetsuit, the chance of cuts and scratches from these things will
be minimised. Beware of rocks that are dry and green. They are
usually coated with an algal film, which gets very slippery when
you put your wet foot on it.

Safety warning

Wet Paper

It is not recommended that masks
be placed on top of
the heads for open
water skindiving as
shown in Fig 29. This
is because waves
can dislodge the
mask and it can be
lost. NAUI recommends that the mask
be kept around the
neck to prevent it
from falling off.

Fig 29 Entry and exit points are critical to injuries.

Marine Studies Copyright Wet Paper 2014

Chapter 10 Managing accidents 259

Don’t hyperventilate prior to skindiving Hyperventilating
(excessive ‘overbreathing’) can cause shallow water blackouts
which will result in drowning. A good rule is to breathe
normally at all times. There is a tendency for beginner
skindivers to hold their breath inadvertently, particularly if
nervous. Check if you do this - and if so try to overcome it.
Maintain a good physical condition. Skindiving or surfing
may at times call up reserves of considerable stamina. For this
reason, you should not go skindiving or surfing when you are in
a poor state of health, or overtired or suffering from any other
temporary physical disability. Before resuming skindiving
after illness it may be wise to have a medical checkup.

Look back
Refer back to Page 221 for
NAUI Skindiving handsignals.
The SLSA has a set of flag
signals in their Surfbronze
training manual - available
from any Surf Club in Australia or their Head Office The Secretary SLSA Surf
House, 128 The Grande Parade, Brighton le Sands 2216.
Surfriders can have a simple
system using beach towels to return to shore, or time to
go or danger return to shore.

Boats and uncaring operations. It has often been said that the
most dangerous situation in a rescue can involve the rescue boat
itself. Behind every powerboat is a motor with a propeller which
is capable of very serious injury to anyone in the water. Always
fly the divers flag in the hope that all boaties will recognise it.
Beware of people’s attitudes who take you skindiving and their
levels of concentration. Remember that boating and alcohol just
don’t mix. Don’t snorkel near places where boats are launched
because you increase the chance of being run over.
Hand or sound signals. A set of basic signals should also be
established between the boat and the skindiving party. A whistle
signal has been used by many groups as follows. The group
leader gives:One whistle
Two whistles

- stop and listen,
- come to the whistle blower

Fig 30 Shark alarm (Photographs courtesy Australian Surf Life Saving Association)
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Suggested safety rules
Some of the safety rules which expand on the four golden rules the skindiver or surfer
must learn as part of this introductory course are as follows:
1. Know emergency first aid - especially D.R.A.B.C., E.A.R., and C.P.R.
2. Fly the ‘divers down’ flag to warn boaties that divers are underwater.

Consult Snorkelling
safety code - see
www.qld.gov.au/
snorkelling code

3. Always buddy dive - one diver can dive down while the other observes from the
surface. Know the limitations of your buddy and yourself and of each other's
equipment. Avoid groups of three as it is too hard to keep track of two other people.
4. At all times keep your buddy in sight - if eye contact is lost surface immediately and
look around for him.
5. Know your hand signals and stay in contact with each other whilst in the water
6. Ensure that whoever you snorkel with is also a ‘qualified’ skindiver - don’t lend your
equipment to 'unqualified’ people.

ite

7. Use correct, complete, well-maintained skindiving equipment which is checked
before each skindive.

Blu

e

Wh

8. Control your buoyancy to make skindiving as easy as possible. Be prepared to
ditch your weights, clear your mask, and snorkel, or take other emergency action
if needed.
9. Use a boat safety line or float as a surface support station whenever you go out.
This will increase the safety and enjoyment of the dive.
10. Slowly surface close to the float and flag, watching and listening for possible
hazards.
11. If you are cold, tired, injured or not feeling well, get out of the water.
12. Have the diving activity planned before entering the water, allowing a margin of
safety in order to be prepared for emergencies. Set moderate limits for depth and
time in the water. Know the skindiving location.

Enter here

Current
Safety warning
Watch tides and currents
very carefully. Remember
that current speed is greatest in the 3 and 4th hours of
the tide - see Rule of
Twelfths Chapter 7.

Leave towels etc and
observers here
Rock

Skindive to here
Float

rope

Anchor flag

Fig 31 Have a definite skindiving plan that you and your buddy clearly understand
Wet Paper
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Surfboard riding
Safety warning - damaged
equipment

Entry and exit to the water in the surfing depends on where you
want to surf.

Damaged surfboards with bits of
fibreglass creating jagged edges
can cause serious injuries. Always fix you dings promptly
sanding back all loose edges.

Direction of surf
Paddle as
hard as you
can
3 Wait for break
3
3 between sets

Beach

Paddle to rip
11

Wet Paper

2
2

Enter here

Fig 32 Beach entries. Remember the "young grommets" can learn respect from" the old fogies"
Wet Paper

Beach entries
If you enter from the beach and the surf is rough, take advantage of
the rip current and paddle out through it avoiding incoming surfers
on the way. If you are inexperienced don't go out because if you do
get out, there is always the danger of not being able to get back in.

Safety warnings - wave types
Wave types can be extremely dangerous. Spilling waves are safe.

A useful method is duck diving. The surfer shifts weight to the front
of the board pushing it down under the wave as far as it can go
allowing the wave to pass over the top.

★ Plunging waves are dangerous because they can pick
you up and dump you into the
sand.

Today most surfers wear leg ropes and a common cause of accidents
is when surfers jump off their boards in a big surf and dive down
deep. This is OK if no one is behind you so always look behind if
you are going to do this to get through a big wave.

★ Surging waves are dangerous because they pick you
up, swirl you around the rocks
or bommies and cut you to
pieces.

Point entries
In big surf conditions, most of the beach breaks close out and the
only way out is from the point. A careful examination of the rocks,
the ways other surfers get out and how far you have to paddle to get
out of the surf zone, will allow you to get into the line up. Watch the
older surfers get out first and then when you have the courage,
follow the way they went out. Don't be afraid to call it quits -" better
to live to surf another day than drown today".

Spilling

Plunging

Rock
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Surging

When you are out the back, watch the sets come and go. Let the more
experienced surfers take the bigger waves and then slowly move to
the take off zone then its just a matter of waiting your turn and
making the decision to go.
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Surfing plan headland situation

4 Paddle into
4
4 lineup and
wait

X Very dangerous entry
point

Paddle as hard as
you can towards
3
deep water 3
Wait for break
3
between sets
2
2

Headland
11 Enter here between
sets

Enter here and paddle
11 out through counter
current close to rocks

5

5 Exit here as wave size
5 will be smaller

Beach

Fig 33 Headland entry tips for surfers
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Some places and some surf conditions are for experienced riders
only and should never be attempted no matter how much your
mates dare you. As you get older you will gain knowledge and
respect - the two key elements for big wave riding.
Bodyboarding
Safety warning - Tides and headlands
If you are going to tackle a headland
situation, study the wave patterns and
observe the currents carefully. Be aware
that these patterns change dramatically with tide and will have to be continually adjusted for in your surfing.

In recent years, the old surfmat has taken on a radical new image
with the perfection of foam and plastic to create the body
boarding. Equipped with fins, armrope, wetshirt and bodyboard,
the surfer jostles with boardriders for waves. Apart from the
skills necessary, there are dangers of having your arm rope caught
around your neck, being hit in the head by a surfboard and internal
damage caused by some manoeuvres. Remember that the internal
organs are protected by your skeletal system, which can only take
so much.

Headland situation
Watch the surf for at least 10 minutes before going in. Time the breaks between sets and watch how successful
others are at getting out and the sorts of difficulties they find themselves in. Look at the tide. Remember currents
are greatest during the 3rd and 4th hours.
1. Enter the water where you feel confident. If you jump off the rocks, be careful that your legrope does not get
tangled as you jump. Alternatively you can enter in the quietest part of the headland and paddle out in
the counter current up to point 1.
2. Wait for a break between sets. If you have watched the surf, you will know what lies in stall for you as you
paddle out
3. Now you really have to paddle hard between sets otherwise you will have to start again. Paddle to the deepest
water you can see.
4. When you have made it watch how the wave breaks, paddle into the line up and go for it.
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Body surfing
Entry and exit to the water in surfing depends on where you want to surf. It is dangerous to surf with surfboard riders
as it is more difficult to get waves. It is also dangerous to swim in rips as there are usually no waves to catch or the water
is very disturbed making swimming difficult. The best place to body surf is off sand banks and with a pair of swim fins.
Getting out is easy in moderate seas if you follow the diagram below.

Fig 34 Getting out

Fig 35 Body surfing back
Wet Paper
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Rescues from water
No text can really replace the years and experience of the
following two references.
Surf - Australian Surf Life-saving Training manual
Still water - Royal Life-saving Training manual
Skindivers should be aware of the areas in which they wish to
snorkel and plan their activity according to the area.
The following discussion is an adaptation of rescue procedures
adopted by NAUI Australia:Rescue procedures
When helping others the following basic principles should be
followed.
1. Recognition . Check your buddy regularly for any unusual
behaviour because most problems usually occur on the
surface.
2. Assessment . Always consider the various options you
may have. Ask the question, is other assistance available?
3. Action . Complete the rescue by executing your plan.
Don’t over extend yourself and become a victim yourself.
4. Care. Look after and reassure your patient.
Types of Rescue
Surface Rescues

Three golden rules
1. Never go alone. This applies to
skindiving, swimming, surfing, boating or fishing. This is the basic and
fundamental rule, and it applies no
matter how experienced you become.
The majority of fatal accidents have
been due to drowning and all these
have occurred when nobody was
around to help.
2. Don't panic. When people panic they
lose all rational control and endanger
themselves to a much greater extent
than the original cause of the panic.
To overcome panic a large amount of
will-power has to be used and this
control will come only from confidence and experience.

Approach from a head-on direction so victim can see you
coming
• Attain positive buoyancy yourself before surface contact.
• Stop a few metres away and give self-rescue directions to
victim.
If victim is conscious and calm
• Help victim achieve positive buoyancy and tow to safety.
If victim is struggling
• If need be, wait until struggling decreases before making
contact.
• Move behind victim, approach and pull the person onto his
or her back and reach under the arm to drop the weights.
• Tow victim to safety.
If victim is unconscious
• Make contact immediately and turn victim onto his or her
back.
• Drop victim’s weightbelt.
• Apply expired air resuscitation if victim is not breathing.
• Tow victim to safety, continuing EAR where necessary.

3. Apply what you have learnt.
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Underwater rescues
• Make contact immediately and shake victim to establish if
conscious.
• Ditch victim’s weight belt making sure it is pulled well clear
of body.
• Hold onto victim and ascend as quickly as is safe to do so.
H Commence rescue of unconscious, non-breathing skindiver
on the surface.

For complete skills in rescue procedures you should do a rescue course
through either the
NAUI Association
Surf Life-saving Association
Royal Life-saving Association

In rescuing the victim, you should choose the method which is
least likely to place you and the victim in danger. If you can't
swim, get someone who can and ring for help. Try some of the
following activities in the pool.
• Tie a life jacket to a rope and throw it to a patient.
• Use an oar to haul someone to the side of a boat.
• Row out to the patient and haul in over the transom.
• Use a rubber duckie to rescue a patient over the side. All these
don't involve yourself in the swim and employ the skills you
should have learnt in the boating chapters of this book.
Swimming rescues involve many skills and are not discussed
here. Excellent discussions of these skills can be found in the
references already mentioned.
Action by rescuers
The following is an example situation for severe bleeding:1. Stop arterial bleeding.
2. Use pressure bandage for poisonous bites.
3. Lie an unconscious breathing patient in a lateral/recovery
position, with back legs elevated.
4. Tell yourself that the mind distorts conditions under stress
and things will look better later. Defer despair, as help will
come sooner or later.
5. Send for medical aid.
6. ABC including attention to haemorrhage and poison bites.
7. Make use of what circulating blood remains, patient to lie
down, head low, arms and legs high to drain blood to trunk.
8. Reassure the patient .
9. Place in recovery position if sufficient blood supply is present,
otherwise keep legs and arms up.
10. Give nothing by mouth and administer no alcohol.

Accidents with marine creatures
Most animals seek only to defend themselves, their territories or
their offspring. It is therefore important for any diver to
understand not only the dangers associated with these animals
and plants, but also their behaviour and reproductive cycles. As
a general rule, most animals that are territorial will actively
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defend this territory.
A moray eel, for example, is not an
aggressive animal by any means and only seeks to protect its
own private space.
Most injuries from marine creatures occur as a result of
carelessness on the part of the victim. You should have people
in the party who are proficient in first-aid, especially resuscitation,
and are capable of identifying the marine creatures mentioned on
the following pages.
There can however be no substitute for up to date information.
Ice on marine stingers? Vinegar? While the advice given here
is correct at time of printing there can be no substitute for
keeping up to date. The Australian Surf Life-saving Association
is one group who does just that with publications similar to the
one shown in Figure 36.
Cuts
Coral is covered in a slime which can easily cause infection in a
wound. Even apparently minor grazes and abrasions must be
treated promptly and carefully, or else they will become infected.
After a day the bacteria multiply so fast that the wound soon
becomes infected. These bacteria can be stopped multiplying by
drying them out.

Fig 35 Advice given in up to date manuals
will supersede the information given here

This means they divide once and then again in a matter of 15
minutes. By doing so they can spread over a large area of the
body in a few days thus making a potentially dangerous infection.

First-Aid for cuts

Bacteria
enters cut

●

Thoroughly clean the wound as soon as possible after the
injury.

●

Remove all foreign material with a cotton bud, tweezers or
tooth brush and use an antiseptic lotion.

●

Apply a local antibiotic powder or ointment.

●

If necessary, apply a dressing and keep the affected area
dry once the dressing has been applied.

●

It should be noted that there are many marine bacteria that
are very resistant to some antibiotic creams. If the wound
becomes infected, make sure you seek medical advice so
that the marine bacterium can be identified by a pathological test and the correct antibiotic prescribed.

●

Coral cuts need special attention. If cleaned and treated
with a drying agent, (hydrogen peroxide or betadine), the
wound will dry up thus depriving the bacteria of a moist
place to grow. Bacteria multiply very rapidly by binary
fission.

Skin

Fig 36 Binary fission in marine bacteria
Wet Paper
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Puncture wounds
Fish Spines . These wounds can vary depending on the nature
of the venom. All fish spine wounds are associated with the
rapid onset of pain. Fish which inject venom from their spines
include the stone fish and the butterfly cod. Injuries from this
family can occur if protective footwear is not worn or if the fish
is handled underwater.
Safety precautions - puncture wounds

Fig 37 The Butterfly Cod
Wet Paper

Fish
spine
Dorsal
fin

Always wear protective footwear. Use fins with a boot or shoe
while skindiving, or sandshoes while walking to and from your
favourite skindiving site. The most economical form is a pair of
sandshoes. The most effective are divers’ booties, however
these require a fin that has a strap attachment, so fin and booties
can be an expensive investment. A simple way to remove a fish
hook from a fish in a boat is to put your sandshoe on the fish and
remove the hook.

Venom
gland

Fig 38 Typical fish spine and venemon
gland. Stand on the spine and the gland
bursts
Wet Paper

First Aid for Stone Fish
Immerse the puncture wound in hot
water. Apply a pressure bandage
and transport the patient immediately to medical aid.
The doctor will carry out an injection
of a local anaesthetic solution around
the wound - thus providing immediate relief to the pain followed by:●

Inject specific stonefish antivenin, once identification of the
sting is confirmed.

●

Carefully incise down the puncture line and wash out the
venom with sterile hot water.

●

Dress and bandage the wound
appropriately and give a tetanus toxoid booster injection.
Arrange bed rest and supervise until further pain relief. All
stonefish envenomations require medical assistance.
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Fig 39 Stonefish
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Some fishermen hold the fish by the gills, but gills can have
sharp gill rakers and care should be exercised if using this
method.
Cleaning of fish for the table is a common source of puncture
wounds. Table fish rarely have venom associated with their
spines. However first-aid is still required.
First-Aid for fish puncture wounds
• Remove the patient quickly from the water. People vary
greatly in their reaction to fish puncture wounds.
• In the case of a puncture wound from a fish with venom on its
spines medical aid will be needed as soon as possible. There
is an antivenin available for stone fish injuries.
• First-aid for all fish spine injuries includes immersing the
affected area in hot water (up to 50oC) as soon as possible to
immobilise the venom. If a local anaesthetic is available it
should be administered to relieve the pain and calm the
victim.
Marine Studies Copyright Wet Paper 2014

• Seek medical assistance. This should be followed by the
application of a pressure bandage to stop the spread of the
venom. Application should be similar to that of a snake bite.
In the case of an injury involving venom, the patient should
be carefully monitored for respiratory failure and cardiac
arrest.
• The person administering first-aid should be prepared for
External Cardiac Compression (ECC) and Expired Air
Resuscitation (EAR)
Stingrays
A stingray is definitely not an aggressive creature and if left
undisturbed presents no problem to reef walkers and skindivers.
If stepped upon or provoked stingrays can inflict a nasty wound
from a serrated barb on its tail. (Some rays have venom
associated with their barbs).

Barb
Fig 40 Stingray
Wet Paper

Safety precautions

First-Aid for Stingray

Always shuffle your feet in the water as you enter a sandy still
water beach. This makes the rays aware of your presence.
Stingrays like to cruise close inshore and feed off the molluscs
just below the waterline.

These injuries are always painful and
a rescuer must be prepared for ECC
and EAR if the patient’s reaction is
particularly bad. As with fish spines
the affected area should be immersed
in hot water (up to 50oC) and a general anaesthetic should be applied
after the wound has been thoroughly
cleaned.

Cone Shells
The venom of the cone shell is produced in a venom gland inside
the body of the cone shell. It is believed that prior to stinging,
the radula teeth are released into the pharynx and from there into
the proboscus which has a venomous tooth. It is believed that the
venom is then forced under pressure down the venom duct and
into the pharynx under pressure. Very few people have ever died
in Australia from a cone shell envenomenation.

Seek medical assistance. The doctor will inject a local anaesthetic in
order to remove all traces of the barb,
its sheath and venom.

Siphon

Tentacles

Radula
teeth

Venom
duct

Venom
bulb

Shell

Venomous
tooth

Proboscis
Pharynx

Foot

Fig 41 Cone shell (After Halstead 1980)
Wet Paper
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Fig 42 How not to hold a cone shell. A yellow mouthed strom and a cone shell. The strom is harmless, the cone shell
potentially fatal.
Wet Paper

First-Aid for Cone Shells
Muscular paralysis and respiratory failure can result as
quickly as 10 minutes after
the injury. Seek medical
assistance as soon as possible. A rescuer must be
prepared for ECC and EAR.
The affected limb should be
immobilised and a pressure
bandage should be applied
as for a snake bite. No
antivenin has been developed for the cone shell

Safety precautions: It is difficult for a newcomer to distinguish
between poisonous cone shells and harmless molluscs which
look somewhat like them. Therefore, under no circumstances
should any shell resembling the drawing above, be picked up by
a person who does not know the poisonous species from the
harmless. It has been claimed that the venom apparatus can
penetrate clothing so do not put cone shells in your pocket!
Sea Urchins
The spines of the sea urchins are long, sharp and brittle. Their
spines tend to break off and remain in the tissues when they are
stepped on or touched. Injuries from sea urchins most often
occur when reef walking, or when slipping down a crevice.
Safety precautions: Always wear sandshoes or booties when
walking to and from the skindiving site.

Project Reef Ed
written by Byrnes, O'Neill,
Oliver, King, Marsh and Moffatt in 1988 contains excellent
activities on dangerous reef
creatures.
Try activities 111 and 112.
available from GBRMPA PO
Box 1379 Townsville 4810

Fig 43 Long spined sea urchin
Wet Paper
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First-Aid for Sea Urchins
• Remove the spine with tweezers and thoroughly clean the
wound. Apply a local anaesthetic cream to relieve the pain.
• If spines are particularly hard to remove, a razor blade can be
used. The skin is sliced off till the top of the spine is exposed.
The blade is wedged into the side of the spine and levered out.
• Cover the area with a clean dressing and seek medical advice
if the patient shows any adverse reactions.
Bristle Worms
Bristle worms are found on the underside of coral boulders.
They are segmented worms with bristles protruding from each
segment. The injury occurs when the animal is touched and the
fine bristles penetrate the skin. Contact with bristle worms
rapidly produces an intense itching or burning sensation lasting
up to a week.
Safety precautions: Always be careful when touching anything.
If you later rub your eye, you can rub in the stinging cells which
can be very painful.
First-Aid for Bristle Worms
Fig 44 Bristle worm (After Project Reef Ed)

Remove the bristles by applying an adhesive tape over the
affected area.
• As the adhesive tape is peeled off, the bristles are pulled from
the tissues.
• Apply an anaesthetic ointment to the affected area. Seek
medical advice if the problem persists.

Stings
Some animals responsible for stings are:• sea anemones
• corals and hydroids
• sea jelly
Stings result from the stinging (nematocysts) cells along the
tentacles. Corals rarely present a problem, however some
hydroids and sea jelly can deliver painful stings. Fire coral in
particular can cause a skindiver great pain and possible respiratory
and cardiac failure in some. It should be avoided at all times.
The Box jelly or Sea wasp
Fig 45 Stinging hydroid (After Project
Reef Ed)

The animal lives in calm warm water on a sandy bottom near the
coastline. The sea jelly are rarely seen on offshore reefs and tend
to concentrate in the summer months off Northern Australian
beaches.
It is so named because of its box like shape with four fleshy
protrusions called pedalia, which hang from each corner of the
jelly.
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The tentacles are ribbon-like if undisturbed and can stream out
behind the animal or be contracted when swimming. It has been
estimated that an adult box jelly can have over five thousand
million nematocysts on its tentacles. In the natural movement of
the water, the box jelly is very difficult to see.
Nematocyst not fired
Trigger

Cell

Lid

Thread

Venemon

Nematocyst fired

Venemon

Trigger

Cell

Barb

Fig 46 Chironex fleckeri and nematocysts (The box jellyfish)

Thread

Lid

Venemon
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First-Aid for Sea Wasp/Boxjelly
●

●

●

Treatment for box jelly
Quickly remove the patient from the water and apply vinegar as soon as
fish changes from year
possible. This will inactivate any undischarged nematocysts. (Don’t
to year so consult your
waste time removing the tentacles as the vinegar renders them harmfirst aid trainer when
you do your first aid
less)
certificate update each
Next stop the venom from being absorbed into the blood by applying a
year.
constrictive bandage. Apply the bandages directly over the tentacles
which have been treated by vinegar, but not over untreated tentacles.
Note the following points:
★
In the case of the Sea Wasp the patient will be in excruciating pain and a rescuer must
be prepared to perform ECC and EAR.
★
Picking off untreated tentacles will cause more nematocysts to fire
★
There is an antivenin available and medical assistance should be obtained as soon
as possible.
★
Never use sand to remove the tentacles
★
Do not leave the victim
★
Do not move seriously stung patients
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Safety precautions
The Townsville “Stinger suit”. This suit has been developed for
sailors, life-savers, divers and skindivers who use tropical waters
in the summertime. The suit is made of specially prepared
materials through which nematocysts cannot penetrate. The suit
also prevents sunburn. The box jelly delivers fatal stings (Over
50 in Australia since 1884). One third of victims died within 3
minutes of being stung. This number can be reduced with
modern resuscitation methods coupled with quick action, correct
application of vinegar and pressure immobilisation bandages.

Bites

Safety Precautions
Do not handle blue
ringed octopi.
Fig 47 A Blue Ringed Octopus
Wet Paper

These are inflicted from the mouth of the animal. In most cases
the mouth is located in the front. Halstead records the following
death of a diver in Darwin. “... a diver captured a small blueringed octopus...which has a span of about 20 cm. The diver
permitted the octopus to crawl over his arms and shoulders, and
finally to the back of his neck where it remained for a few
moments. During the period that the octopus was on his neck,
a small bite was inflicted, producing a trickle of blood. A few
minutes after the bite the victim complained of sensation of
dryness in the mouth and of difficulty in swallowing. After
walking a short distance up the beach the diver began to vomit,
developed a loss of muscular control, and finally suffered from
respiratory distress and was unable to speak. Even though he
had been rushed to hospital and placed in a respirator, the victim
died about two hours after being bitten.”
This animal will display iridescent blue rings on its body and
tentacles when agitated. The octopus should never be picked up
as it can inflict a severe bite.
First-Aid for Blue Ringed Octopus
A rescuer must be prepared for ECC and EAR. Apply a broad
pressure bandage as high up the limb as possible. Immobilise the
limb with a splint and seek medical aid as quickly as possible.
Sea Snakes
Sea snakes are generally quiet creatures however at certain
times they can be inquisitive. Under no circumstances should
a sea snake be hit or poked as this will naturally create aggression
within the animal. If a sea snake does become inquisitive, the
skindiver should move casually back to the boat or shore.
First-Aid for sea snakes

Fig 48 Sea snake

As for Blue Ringed Octopus. There is an antivenin available
which is effective against most sea snakes. The administration
of these antivenins requires trained or medical supervision.

Wet Paper
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The story is often told of a group of fool
hardy people who went on a snorkelling
trip to a barrier reef island. An over
enthusiastic and uncaring skindiver
speared a moray eel. This was wrong in

Moray Eels
Moray eels are generally retiring creatures and students should
be warned not to feed them or provoke them as this is the only
time they could become dangerous.

itself, for in the Great Barrier Reef Marine Park, moray eels are a protected
species. However, the young lad thinking the animal was dead, threw it at one
of the girls in the party. The moray, half
dead and clinging to whatever it had in
its dying nervous system, lashed out at
her legs and inflicted a wound requiring
60 stitches. The reports in the press
portrayed the moray eel as the villain,
hiding in the pool where the girl was
snorkelling and darting out and gashing
at her anatomy. It is so easy to take the
human side and so easy to portray
animals as dangerous beasts of prey.
The first rule is do not disturb or pick up
any creature until you are familiar with
its Biology.

Safety precautions
Do not provoke moray eels into attacking you. Handle gently with
confidence and care.

Fig 49 Moray eels are generally quiet retiring creatures
Wet Paper

First-Aid for moray eels
Direct pressure must be applied with a pad or bandage in order
to stem blood flow. Medical help should be sought as soon as
possible because stitches may be required.
Shark
The risk of shark attack is extremely low. Tourist resorts would
never be able to function if the danger were nearly as great as that
sometimes reported in the newspapers.
Safety precautions

Fig 50 Whaler shark. A good time to
leave the water is when you see a shark
arching its back
Wet Paper

Fig 51 Grey nurse shark

Areas to be avoided are remote locations not used by regular
visitors. Places where fish are regularly cleaned or there is
meatworks discharge should be avoided. Also an area soon gets
a reputation amongst regular users if there is any danger from
sharks, so seek local knowledge about skindiving in such areas
if you are unsure. There are some simple rules to follow to avoid
shark attacks:
• never snorkel, swim or surf alone
• avoid areas where sharks frequent e.g.: trawler bases,
meatworks, garbage tips..
• avoid skindiving, swimming or surfing at dawn or dusk
• if spearfishing, throw dead fish into a boat or tie them to a
marker buoy
• wear dark clothing
• do not provoke sharks by poking, spearing, grabbing or
riding on their backs

Wet Paper
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First-Aid for shark bite
Time is of the essence. The victim will be in severe shock and
the shark may also attack again.
• Quick and efficient first-aid in the event of an attack is vital.
The victim will be suffering blood loss and shock and the
actions of those first on the scene will largely influence the
victim’s chances of survival.
• Remove the patient from the water as quickly as possible.
However, don’t move the patient again once first-aid is being
given.
• Send for medical help immediately, rushing a victim to
hospital in a boat or car can cause further loss of blood. Try
to get help to the victim.
• If possible, pressure should be applied to the wound while in
the water to prevent as much blood loss as possible.
• Lay the victim down on the beach, head lowermost, and
apply direct pressure to the wound.
• Transportation of the victim must be left to the medical
experts.
Overconfidence
★ Correct instruction in skindiving methods will ensure that you are familiar with most situations.
There will come a time when you will want to explore and dive under caves and ledges. You will
become curious and confident with the animals and plants that live in the sea.
★ But you must never become overconfident or think that you can dive or surf without a buddy. It
only takes the unexpected to happen and you can find yourself in plenty of trouble. A bite from a
friendly moray eel, surfacing under a box jelly, a boat hook in the arm are just a few of the
unexpected things that can happen.
★ Remember to stay within your own personal levels of confidence. Think and breathe safety from
the time you enter the water to the time you return to the beach. After a while it will make you a
better person and a very good buddy to anyone who wishes to swim, surf or skindive with you.

First aid kit
All surfers, fisherman or divers should carry a very basic first aid kit containing such things as bandaids, anti-sunburn
cream or the latest issued by chemists.
* Packet paracetamol tablets
* Packet aspirin
FIRST AID KIT LIST (for camping snorkel, boating or surfing trip)
The following is a guide, should not be regarded as mandatory, but should be modified according to local knowledge,
experience and skindiving venue. Each skindiver may have need of a different first aid kit. Some students may be
relatively young and still acquiring knowledge or experience. Others may be medical practitioners.
Remember your task in first aid is basically to keep the patient alive by getting a regular oxygen supply to the brain,
stopping haemorrhage, treating for shock, preventing injuries from becoming worse; and getting patient to medical
aid. (QATB officers and especially doctors) This kit is recommended for extended trips to reef areas. The items
should be housed in a sturdy plastic or wooden box which will float and remain water proof.
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BOOKS OF REFERENCE TO INCLUDE
IN KIT
● St. John Ambulance First Aid Manual
● Dr. Carl Edmond’s Dangerous Underwater Animals of the SW Pacific Area

FOR DIARRHOEA AND DIGESTIVE UPSETS
● Lomotic or similar
● Bottle milk of magnesia
● Sea sick pills (e.g. Dramzine)

FOR INJURIES
● Bandages: several 1/2 inch, 1 inch, and 1.5 inch wide
● For bleeding wounds and poisonous bites: two four-inch wide crepe bandages
● One rubber bandage 7.5 cm hand crepe durelastic (also doubles as tourniquet)
● Sticking plaster 1/2 inch and 1 inch wide rolls
● Pad for arterial bleeding
● Triangular bandage
● scissors, tweezers and razor blades of stainless steel

FOR SKIN
● Ultraviolet sunscreen such as blockout, zinc cream
● Methylated spirits as antiseptic
● Can of spray-on plastic skin
● 1 bottle sunburn soothing lotion
● 1 tube antibiotic cream (Neomycin)
● 100 ml Centavion (or similar) for skin infections
● 1 tube Amolin (or similar) for dry chapped skin

A RESPIRATOR OR MARINE RADIO
● such as (Oxy-viva) with an oxygen supply could also be carried if skindiving in remote areas (for use in near

drowning, or a non-breathing patient).
● a marine radio capable of transmitting an adequate distance must also be carried to remote areas. (consult local

advice for this)
FOR STINGS
● 1 bottle vinegar (any kind, all have acetic acid)
● Stingose: several plastic satchets, 1 plastic bottle
● 1 bottle permanganate of potash

ANAESTHETICS AND PAIN KILLERS
● Ointment as lignocaine
● Spray in can. (ask chemist latest issued)
● Packet paracetamol tablets
● Packet aspirin

FOR DIARRHOEA AND DIGESTIVE UPSETS
● Lomotic or similar

First-Aid for sunburn
The patient should rest in
a cool area and be given
plenty of fluids to drink.
Calamine lotion is an effective remedy. If serious
blistering occurs, seek
medical advice.

● Bottle milk of magnesia
● Sea sick pills (e.g. Dramzine)
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Practical activities
Activity 1 Dissection of a sheep’s pluck
Equipment and materials
* A sheep’s pluck obtained from your local butcher. You will
need to obtain a letter from the
Department of
Primary Industries stating that the organs purchased are not
for human consumption.
* dissecting equipment and gloves
* a dissecting board (old newspapers and cutting boards are
ideal for this dissection)
* 2 plastic glad bags
* foot pump and tube
Procedure (This exercise involves dissecting the heart and lungs
separately.)

Look back
See Page 251 for a
diagram of the respiratory system.

Part A The lungs
1. Carefully remove the heart from the rest of the body organs
and place it in a plastic bag in a fridge.
2. Carefully clean up the trachea and lungs by cutting away the
fatty tissue.
3. Now make a detailed fully labelled drawing of the pharynx,
larynx, trachea, bronchi and lungs. If a pump is available,
attach a pipe to the trachea and blow up the lungs. Do not blow
the lungs up with your own breath. Note what happens to the
lungs.
4. Now carefully cut down the pharynx into the bronchi and
down two or three bronchioles to fully expose the insides of
the lungs.
5. Make a labelled drawing of the trachea, bronchioles and
bronchi noting the cartilage rings and associated blood vessels.
Make a guess where the alveoli would be and mark them on
your diagram.
6. Dispose of the lungs in a respectful and hygienic manner.
Part B The heart
Equipment and materials
* Dissecting equipment as above
* Access to sink and hoses
* A diagram of the cut heart
Procedure
1. Remove the heart from the plastic bag and place it on the tray
or dissecting board.
2. Find the pulmonary vein and place a tube into it.
3. Now blow water carefully into this tube in the sink and note
where the water comes out.
4. Make a distinctive mark on this blood vessel because it is the
aorta. Now make another mark on the pulmonary veins.
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Look back
See Page 253 for a
diagram of the heart.

5. Locate one of the vena cava and repeat the procedure. Mark
where the water comes out as the pulmonary artery.
6. Now make a drawing of the external features of the heart,
noting the following:- pulmonary artery, pulmonary vein,
aorta, vena cava, carotid artery, fat, cardiac muscles.
7. Now cut open the heart as follows:
(a) Cut through the aorta, down into the left ventricle, back up
past the valves and into the left pulmonary vein.
(b) From the other side now, down the pulmonary artery into
the right ventricle, around the valves and up into the right
atrium, then into the vena cava.
8. Study your dissection and the figure of the cut heart.
9. Now make a detailed labelled drawing identifying the
following:- Left ventricle, right ventricle, septum (divides the
two ventricles), left and right atria, heart valves, openings of
aorta, pulmonary artery and veins, cardiac muscle.
10.Now dispose of the dissection in a hygienic and respectful
manner.

Look back

Activity 2 Dissection of a bullock’s eye.

See Page 227 for a
diagram of the eye.

Arrange with your local butcher to obtain some bullock’s eyes.
Equipment and materials
• A bullock’s eye
• Dissection instruments
• Tray with wax in it
• Dissecting gloves

Questions Activity 2
1. Name the outside covering of
the eye which helps keep its
shape?
2. Name the tissue in front of the
lens?
3. Name the nerve that leaves the
eye?
4. Why is the inside of the eye
black?

Procedure
1. Carefully remove the fatty tissue surrounding the eye and
make a detailed drawing indentifying the following parts.
Sclera, cornea, optic nerve, pupil, fatty tissue.
2. Now make a lateral incision down the side of the eye removing
the lens.
3. Make a drawing of the lens and the inside of the eye as
dissected by you, identifying the following parts. Retina,
fovea, blind spot, aqueous humour, vitreous humour. Make
sure you clean up and dispose of the eye in a respectful and
hygienic manner.

Review questions
1. Name the three elements of safety as identified in this chapter.
2. Why is attitude an important consideration in safety?
3. Name eight potentially dangerous situations giving reasons for each.
4. How can tide affect the safety of a skindiver?
5. What dangers can exist in a river estuary?
6. What dangers can exist on an offshore reef?
7. Why is suntanning unhealthy?
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8. What type of sun creams should be used in water activities?
9. Draw a diagram of the human skin showing where skin cancers can occur.
10. Give one example of a gland.
11. Draw a diagram of the human ear indicating which parts are affected by:(a) Pressure
(b) Motion
12. Name seven problems that could occur prior to skindiving.
13. Draw two diagrams to show how the eustachian tube is used to equalise pressures on the middle ear.
14. What is a barotrauma?
15. How does seasickness occur?
16. What is an outer ear infection and how can it be avoided?
17. A diver returned home with a sore tooth but had a checkup the previous week and was OK..
How can you explain the pain. Draw a diagram to explain your answer.
18. What is hypothermia and how is it caused.
19. Draw diagrams of Australian in summer and winter comparing the survival times at sea for a man overboard
situation.
20. Draw a graph showing at what point unconsciousness occurs in a man overboard situation.
21. How does oxygen and carbon dioxide transfer in the bronchioles? Draw a diagram to illustrate your answer.
22. What is the first thing you do if a person collapses?
23. Draw a diagram of the heart showing how blood circulates to and from the lungs.
24. What does the term ABC of life mean?
25. What 5 steps are involved in EAR ?
26. Why is maximum head tilt important?
27. Why is mouth to nose more suited to "in water" resuscitation situations?
28. There is no pulse in a person who has collapsed but the victim is breathing - what do you do?
What are the recommended cycles for CPR for
(a) One rescuer on a adult
(b) One rescuer on a child under 2 years
(c) Two rescuers on an adult
29. What is shock and how is it recognised?
30. List 7 causes of shock.
31. Describe two treatments for shock.
32. Discuss seven aspects of safety in for the skindiver or surfer.
33. What is the signal for a shark alarm?
34. Draw the diving flag and indicate where and how it should be used in a skindiving situation with a current.
35. A surfboard rider wishes to paddle out in a moderate beach break situation.
Draw a diagram of how he could use a rip to get out the back.
36. What is the meaning of the term, "the point is pumping"?
37. What is duck diving and how is it achieved on a surfboard?
38. What is the biggest wave you have ever caught?
39. There are four principles involved in rescue procedure. List them.
40. You go to rescue a patient and he is struggling. What do you do?
41. Why do bacteria infect a wound so quickly?
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42. What is the first aid procedure for a coral cut?
43. Why are marine cuts always kept dry?
44. What is a puncture wound and how is it caused?
45. Draw a diagram of a typical fish spine and explain how the poison gets into the prey.
46. Describe the first aid for a fish puncture wound.
47. Why is heat used in the treatment of fish poisoning?
48. What is the a cure for a stonefish poisoning?
49. What safety precautions are taken to avoid being barbed by a stingray?
50. If you do get a stingray barb in you, what should you do?
51. Draw a diagram of a cone shell explaining how the venemon from the venomon gland is injected into the prey.
52. What safety precautions should be taken with cone shells?
53. Sea urchins are sometimes know as sea eggs. Can you suggest why.
54. What is the best way to remove sea urchin spines (and don't say carefully)
55. How could you remove the bristles of a bristle worm from your hand?
56. Why should fire coral be avoided when skindiving? Is it a coral?
57. The box sea jelly goes by what scientific name?
58. What is the current treatment for box sea jelly stings?
59. Why is ice sometimes preferred for stings?
60. What is a nematocyst and how is it fired?
61. What safety precautions can be taken to avoid the sea wasp in Northern Australia?
62. Describe how you could be bitten by a blue ringed octopus.
63. What safety precautions should be taken with blue ringed octopi?
64. How could you be bitten by a sea snake?
65. What is the first aid procedure for a sea snake bite?
66. When are moral eels dangerous and if you are bitten by one what is the first aid procedure?
67. You a re skindiving and you see a shark starting to arch its back. What do you do?
68. What are some safety precautions you could take to avoid being eaten by sharks?
69. What is the first aid for a shark bite?
70. Why is overconfidence dangerous?
71. Draw up a table of a first aid kit showing what it should contain and to what purpose the components are put.
Item

Name

Qty

Use
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Process skills

Content
●

Ocean, land structures and their
movement

●

The shapes of ocean basins

●

Forces that cause ocean waters to
move

●

Research some aspect of coastal or ocean
change over time and present findings
orally and in writing

●

Gather second hand data about this movement (currents) presenting this data both
graphically and in writing

●

Discuss this data as it relates to humankind

Topics
The earth and its oceans
Origins of seawater
Continental structure
Rock types
Plate tectonics
How Australia got its shape
Reefs off the east and west coast
Ocean currents
Australian currents
Diving the depths
Classroom activities

Skills
●

Take photographs or make audiovisual
graphics capable of projection for use
in conjunction with a verbal presentation
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Attitudes
●

An appreciation of the changing nature of
coasts and coastlines
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The earth and its oceans
The earth is the only planet in our solar system to have oceans.
From space our planet appears blue and white because almost 3/
4 of it is covered by water and clouds encircle our atmosphere.
The earth's three major oceans are the Pacific, Atlantic and
Indian Oceans. The Pacific is about the same size as the Atlantic
and Indian. The Arctic Ocean is almost completely covered by
ice. Nine seas are enclosed in these oceans and are shown below.

Beaufort Sea

Arctic Ocean

Barents Sea
North Sea

Sea of
Japan
East
Sea

.

Mediterranean Sea
Arabian Sea

South
China Sea
Atlantic
Ocean
Pacific Ocean

Caribbean
Sea

Indian
Ocean

Timor
Sea

Fig 1 Oceans and seas of the world
Wet Paper

Origins of water
corona

spiral arms

nucleus

globular
clusters

sun's
position

Fig 2 An idealised representation of our
Milky Way Galaxy (After Weinhaupt 1979)

100,000 light years

disk

Today water is still added to the
earth's atmosphere by volcanoes
above and below the earth's surface.
In fact that's how water was added
to the seas and our atmosphere in
the dawn of time. The discussion
below is a theory and should be
regarded as such.
For centuries we have gazed into
the night sky and seen a wispy path
of white that crosses from one
horizon to another.
This is the milky way which is a
band of stars that makes up the edge
of our galaxy.

Wet Paper
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The dust cloud hypothesis
According to the dust cloud hypothesis,
both sun and planets were formed from
a mass of dust and gas.
★ This was a rotating mass that
was marked by smaller internal
eddies.
★ As it rotated, it contracted and
most of the gas was either lost to
space or gravitated to become
part of a central mass (the sun).

Our solar system within the milky way is very small compared
with the milky way. Its centre is occupied by the sun, with nine
planets orbiting. The formation of these planets rests in two
main theories. The single bodied theories say no forces or
bodies affected the formation, the second bodied theories say
that some force from outside the system affected our formation.
The single bodied theories are now accepted more than the latter
and of these the dust-cloud hypothesis is most widely recognised.
Sun

Saturn

o
ut
Pl

★ As the earth formed from the interstellar space, the atoms and molecules got together to form molten rock which cooled.
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M
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★ The interstellar dust was believed
to be composed of molecules of
Hydrogen, Helium, Carbon dioxide, Oxygen, Ammonia.

Jupiter

er

★ Gases released through weaknesses formed our early atmosphere

M

★ As the gas cooled it solidified however with increasing pressures,
the centre became liquid again
giving the earth its core, mantle
and crust as in Figure 4.

e
un
pt
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Ur

★ The smaller parts formed the planets of which earth was one.

Fig 3 The planets
Wet Paper

As the earth cooled, volatile materials from within it were
working their way to the surface and a time came when these
gasses accumulated at the surface faster than they were driven
off. The “second” atmosphere began to grow. (You can read
about the first in the box opposite)

★ Also the earth was bombarded by
other condensing matter called
meteorites.

Crust (33
km)

★ The molecules were around to
make water, but it was just too hot
for any to form.
★

When the earth was formed from
the dust and gases of space, it
may have retained some of the
gases as atmosphere without
water. Also the earth at an early
stage was so hot that any water
on the surface would have evaporated. The early atmosphere of
the earth was believed to be driven
off by meteorites and extreme
heat.

Oceanic
crust 11 km

Core
(3473
km)

Mantle
(2865
km)

Continental
crust 33 km

Atmosphere

Fig 4 The composition of the earth
Wet Paper
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Water condensed
forming rain

Water vapour and
carbon dioxide,
hydrogen and helium
from volcanoes

As the new atmosphere slowly
cooled, it eventually reached
a temperature at which water
vapour and liquid can exist at
the same time.

Oceans

Land

Hydrogen and helium were
driven off into space, but water
vapour, nitrogen and carbon
dioxide remained.

EARTH'S
CORE

The oceans were then formed
leaving the land dry, hot and
volcanic.
It's no wonder that life began
in the sea.

Volcano
Hydrogen and
helium
escaped

Primeval
atmosphere

Water vapour and
carbon dioxide
remained

Fig 5 Possible primeval atmosphere
Wet Paper

Fig 6 Today much of the new water is added by volcanoes. (Mt. St. Helens erupts - Photo by AAP)
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Continental structure
The continental crust is composed of light coloured, low
density granitic types of rock called sial (that's made up of silica
and alumina).
The crust

Oceanic crust
Basiltic
3
Sima 3.0 g/cm

Solid mantle
3.3 g/cm3

Plastic mantle
3.5 g/cm 3

The crust exists in two forms: continental and oceanic crust.
★ The base of the earth’s crust is
marked by a boundary called
the Mohorovicic Discontinuity or Moho. Beneath the continents the Moho lies at a depth
of 40 km.

Fig 7 Composition of the upper mantle and crust
Wet Paper

The oceanic crust is composed of dark coloured high density
basaltic rock called sima (that's made up of silica and magnesia).

★ The oceanic crust is about 11
km.

Continent

Continent Sial
can2.8
move
if3
g/cm
lithosphere moves

★ The continental crust is about
33 km.

Asthenosphere

★ The crust and uppermost mantle are relatively cold compared
to the core and are called the
lithosphere which is brittle and
subject to cracks and fractures
when subject to large forces
from within the earth.

Lithosphere

The crust and mantle

Asthenosphere

Continental crust
Granitic
Sial 2.8 g/cm3
Sial 2.8 g/cm3

Lithosphere

Moho

Mountains

The continental crust is less dense
than the oceanic crust and "floats"
like an iceberg floats in the sea.

★ Below the lithosphere is the
asthenosphere, which is hot
enough and under sufficient
pressure to flow and contains
magma which we see on the
earth's surface as lava.

Fig 8 Continents can move because they "float" on a plastic mantle
Wet Paper

Now because these two are of different densities, the earth’s less
dense crust tends to float on the top of the mantle, like an iceberg
on the sea.
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Because the continental "crust floats on" the plastic mantle,
forces from within the asthenosphere can move this crust around
as shown in Figure 8.

Igneous
rocks

Volcano

Rock types
The crust is composed of rock materials which are either igneous,
sedimentary or metamorphic. All of these rocks are made up of
minerals. Igneous rocks are the class of rock from which all
other rocks were made. The earth’s mantle is almost exclusively
igneous.

Sial 2.8 g/cm3

Metamorphic
rocks

Folding and
faulting

Sial 2.8 g/cm3

Lithosphere
moves
Erosive forces
- waves, wind,
ice

Sediments

Continent

Sial 2.8 g/cm3

Fig 9 Igneous rocks, metamorphic and
sedimentary rocks

The name comes from the Latin ignus, which means fire formed.
When in the molten state, igneous rocks are called magma.
The continent is made of different consistencies of rock and as
it moves these rocks can buckle and fold. Parts of the continent
can crack in earthquakes and some minerals in the igneous rocks
are squeezed and changed as shown in Figure 9.
These changed rocks are called metamorphic rocks. When
igneous rocks or metamorphic rocks are exposed to the
atmosphere they become unstable and decompose. Wind, rain,
ice snow or waves cause fragments to form and these are
transported to the sea.
As they are transported they become smaller and form sediments.
These sediments form part of the sands on our beaches and mud
in our rivers. If the sediments are covered with other sediments
they too can become rock called sedimentary rock.

Wet Paper

Ocean shapes
All oceans have shallow places and deep places. The shallow
places can consist of the continental margin, ocean ridges or
sea mounts The oceans get deeper as we move off the continental

Water depth (km)

Continental margin
0
1
2
3
4
5

Ocean basin

Continental shelf
Continental
rise
Continental
slope

Ocean
ridge
Abyssal
plain

Abyssal
plain

100 200 300 400 500 600 700 800 900 1000

1200

1400

Continental
rise

1600

1800

Distance in km
Fig 10 The main features of the continental margin and ocean basin (After Ross 1982)
Wet Paper
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Continental
shelf

Scott
plateau

Queensland
plateau

Exmouth
plateau

Abyssal
plain

Australia has a
relatively narrow
continental shelf
leading to an abyssal
plain in the Tasman
Sea
,
Great
Australian Bight and
Indian Ocean as
shown in Figure 11.

Ceduna
plateau

Naturaliste
plateau

East
Tasman
plateau

Abyssal plain
Continental
slope

Continental shelf
Continental slope

Fig 11 Source
(Perspectives of the Earth
1983)
Wet Paper

Mussau Trench

Pacific Plate

Solomon Trench

PNG
New Hebrides
Trench
Fiji

The Pacific Ocean continents are fairly flat and are
surrounded by a continental shelf.
There are however
some deep places off the coast of New Zealand, New
Hebrides and Solomon Islands. Here the abyssal plain
plunges to a depth of some 10 kilometres in the deepest part
of our oceans called trenches.

Tonga

Australia

Tasman
Sea

To
n

ga

Tr
e

nc

h

Lord Howe
Rise

New Zealand

Australian
Plate

Fig 12 Australia in relation to its Pacific neighbours (left) and reef capping a seamount - from the Ha'apai (right) Photo
- John Broadfoot
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Skindiver 10 m = 1 atmosphere
625 metres - sperm whale sounding

Entrance
Release
magnets
3215
metres 300
atmospheres

Fuel

9375 metres - 900
atmospheres

The Trieste
10937 metres 1070 atmospheres

Fuel

Ballast

Ballast

Observation
gondola

Deep Sea Trench

Fig 13 Simplified diagram of a deep sea trench and sketch of the research vessel the Trieste.
Wet Paper

Bordering these trenches can be ridges, plateaus and rises, as discussed on Page 287. On
these areas it is common to find seamounts, which can be formed when undersea
volcanoes become extinct. Sometimes the volcanoes are above the sea and form island
chains such as Fiji, Tonga or the New Hebrides Group. Other volcanoes lie submerged
and can have reefs growing on top to form a capping like the one shown in Figure 12.
In 1960 two scientists made a record dive into the deepest part of the ocean into the
challenger deep in the Pacific over 10,000 metres and over 1000 atmospheres. The vessel
was a bathyscape and was called the Trieste.
A illustration is shown in Figure 13 to give you some idea as to the depth and scale of this
dive and the tanks involved to control the vessel. Eleven of these tanks are filled with
120,000 litres of petrol. The petrol is lighter than water and this makes the craft light
enough to float. One tank at each end is left empty just before the dive. Then the tanks
are opened and sea water flows in and the bathyscape begins to sink. To come to the surface
the Trieste releases its pellets quickly and once on the surface the vessel floats.

Ocean plates
Because of the earth’s gravitational force and depth, the pressures in the earth’s interior are
extreme. This pressure causes great heat which is lost from the crust at fracture zones
in volcanoes or mid-oceanic ridges. In 1980 Mt. St. Helens erupted with the force of a
Hydrogen Bomb (see Figure 6). The Newcastle earthquake shook Australia in 1990 and
other smaller earthquakes occur in Australia each day. These events are all connected.
In the Pacific Ocean, there is a mid oceanic ridge which is found in the middle of the ocean
some 2-3 km deep. We would expect that the middle of the ocean would be the deepest.
In fact the average depth of oceans is about 5 km. Now this ocean ridge is a place where
hot lava (magma) is coming out from the mantle and core of the earth. As we learned
earlier, the earth has a red hot core which contains radioactive materials, which cause
enormous heat. This heat expands upwards and moves towards the surface.
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Fig 14 Forces from inside the earth move the lithosphere
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As it cools it sinks and returns to the centre. This rising
and falling sets up convection currents which cause the
lithosphere (crust and upper mantle) to move.

Video
The Video, Volcanoes, can be purchased from Classroom Video, 81
Frenchs Forest Rd, Frenchs Forest,
2089.

The area which moves in the lithosphere is called a plate.
The plates move outwards from the ridges and anything
on them such as islands or continents, moves. But the
plates must go somewhere and it is in the trenches that
they disappear . This causes friction or earthquakes.
The Newcastle earthquake and the eruption of Mt. St.
Helens were both caused by the movement of the Pacific
plate. If we study the incidences of earthquakes from
1963 in the Pacific region, a pattern emerges.
Over the past 20 years a great worldwide system of cracks
in the oceanic and continental crust has been mapped and
interpreted. These cracks break the lithosphere into
plates as shown on the diagram above. The Australian
plate is moving north at a rate of 2cm per year or the rate
at which your fingernail grows.

Epicentres

Eurasian

Eurasian

American

An excellent video produced by John Davis of Classroom
Video called Volcanoes shows these plates and also
shows some magnificent footage of volcanoes. It is
suggested that you watch this now to review these ideas.

The shaping of Australia
Pacific
American

Indian

African

Antarctic
Fig 15 Top. Artists impression of records of
earthquakes, 1961 to 1967. Each dot (30,000 in all)
represents a point on the earth's surface directly
above an earthquake. Data from US Coastguard and
Geodetic Surveys. Is there any relationship between
this figure and the bottom one showing the earth's
plates

Now that we know plates on the earth move, we can use
this idea along with a lot of other scientific evidence to
explain Australia's shape.
The continents as we know them today were not always
that way. The earth had cooled and the land formed but
was possibly too hot for life to exist. The first life formed
some 1000 million years ago and evolved in the seas to
emerged onto a much cooler landscape between 500-300
million years ago.

Wet Paper
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Stromatolites grow extremely
slowly (less than 1 m per year)
and are formed by tiny, single
celled
organisms
called
cyanobacteria. They construct
the stromatolite by trapping fine
sediment particles from the water
and binding them together with a
sticky film of mucus. They are a
living fossil and may give clues to
what early life in the sea was like.
Information supplied CALM 50
Hayman Rd Como 6162

Fig 16 Laurasia and
Gondwanaland. About
300 million years ago.
Australian flora and
fauna would have been
distinctly polar and
resemble
that
of
Antarctica and South
America (After Thurman
and Webber 1984)

About this time the world was divided into two continents separated by
the Theyes sea. Coral grew because this was located in the warm
waters around the equator. Africa, South America, India, Antarctica
and Australia were joined in one called Gondwanaland and North
America and Asia in Laurasia.
With plate tectonic movement, Australia was also covered by water in
which coral grew. At a variety of times Laurasia and Gondwanaland
were separated and joined and moved north and south. When joined
they were called Pangaea. Evidence for the corals comes from the
Kimberleys in Western Australia where large cliffs or limestone corals
can be seen on land and the stromatolites at Shark Bay.
Asia

North America

LAURASIA
Coral reefs

Tethys Ocean

Tethys Ocean

Wet Paper

GONDWANALAND
India

Australia

South America

Antarctica
Africa

Fig 17 Pangaea. About
200 million years ago as
a result of the moving
lithosphere all continents
as we know them today
were joined into a super
continent surrounded by
the Panthalassa Ocean
(After Thurman and
Webber 1984)
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When two plates collide the continental crust they carry is pushed
up into mountain ranges. The Great Dividing Range and Kimberlies
were formed in this way. Similarly the mountains in Victoria and
South Australia resulted from the Australasian plate colliding with
the other plates in our geological history.

570 milion years
ago (Cambrian
Seas)

290 Million
years ago

Mountains
Hills
Sea level

Continental
plate

Oceanic
plate

WEST

500 milion years
ago (Ordovician
Seas)

EAST

Fig 18 Possible formation of mountain ranges in Australian as a result of plates
colliding in Pangaea (After Wilmont and Stevens 1988)
Wet Paper

Shallow seas

After collision and mountain building, plates can move under each
other in a process called subduction.

Mountains

When one plate moves under another
We can think of subduction as the earth claiming what was once
hers. The dense oceanic crust material plunges under the continent.
This can be seen in our east coast where the lithosphere moves under
the continent at about 2-3 cm per year. Once the process of
subduction starts, it seems to carry the sea floor downwards like a
conveyor belt. This is called subduction.

440 milion years
ago (Sliurian
Seas)

Fig 19 Australian seas before Pangaea
or Gondwanaland
Wet Paper

Continental
shelf
Continental
area

Marginal sea
(Possibly Tasman
Sea)

Volcanic Island Chain
(Possibly Fiji, New
Zealand)

Deep ocean

Continental
crust

Oceanic plate subducts
below continental cust

Oceanic crust
Oceanic crust

Fig 20 290 - 230 million years ago. Possible origin of East Australian Coastline and Islands
(After Wilmont and Stevens 1988)
Wet Paper
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When plates spread or slip
As one boundary of an oceanic plate is pushed downwards into the
asthenosphere by subduction, new oceanic crust is being formed at the
opposite end by magma rising from the asthenosphere. The process is
called sea floor spreading. Great cracks can form on the ocean floor and
the hot magma pushes up the floor to a ridge (steep slope) or a rise (gradual
slope). Transverse faults can occur as plates tend to break into two
sections.
These can then slide past each other. However great pressure tends to
build up and people living on the San Andreas Fault in California regularly
experience earthquakes as a result of this pressure buildup. The four main
ideas can be summarised in the diagram below:
Rise

A - B Subduction
C- D Spreading
E - F Transformed faulting

Oceanic
crust
E
F

D
C

Continental
crust

B

Oceanic
crust

A

Su

bd

uct

ion

Fig 21 The movement of the ocean plates showing:- Subduction (A and B) - one plate beneath another, Spreading (C
and D)- two plates are pushed apart, Transformed faults E and F) two plates slide past each other.
Wet Paper

What happens when the plate has a weak spot in it?
If we look at the island chains in the Pacific we can see that
they form in a certain way. Mt. Kilauea on the island of
Hawaii, is an example of how these islands were formed.

Sunset Beach
Waimea Bay

Oahu

Kauai
Honolulu

Molokai
Maui

North
Mt
Kilauea

Hawaii

Fig 22 The Hawaiian islands have been formed by
the plate moving over a hot spot. Why is the new
vent of Kilauea always at the South Eastern end of
the island?

The source of the magma remains constant, and as the
plate moves over the hot spot, the island forms. Mt.
Kilauea is not a dangerous volcano and people can walk up
to the crater and watch it erupt.
It can be seen that the other islands in the Hawaiian group
have been formed in this way. One of the most famous
Ohau, has a north shore famous for large surfing waves.
Other island chains in the Pacific have been formed this
way. Western Samoa has very flat Volcanic cones. The
islands of Fiji, Tahiti and Tonga all formed from volcanoes.

Wet Paper
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When land is exposed to the air the erosive forces of
wind and rain cut deep gullies in any weaknesses.
These sediments are washed out to sea and if the seas
become uplifted, folded and dried, they create a
variety of shapes.

GONDWANALAND

With volcanic activity, further larva can cover river
valleys and cave out new shapes.

Rocks of
similar
origin

With the movement of Australia towards and away
from the poles, and with the earth at different
distances from the sun, a series of ice ages occurred
over Australia.

Fig 23 Australia in Pangaea
Wet Paper

This meant glaciers crushed igneous
rocks to fine sand grains which now
cover our beaches.
About 220 million years ago
the present day continents
formed Pangaea

About 100 million years ago
Pangaea had split

With much of the water locked up
in the poles, the water levels fell,
exposing the continental shelf that
was covered by water.
Australia gradually separated from
Antarctica and moved north.

About 50 million years
agoAntarctic was growing in
size and India was moving
towards Asia

About 18 million years ago
Australia was in the Topics and
in a position for coral growth.
India collided with Asia forming
the Himilaya mountains

During this time a series of ice ages
raised and lowered the sea level,
which had a profound influence on
the biological activity of the
continental shelf.

Fig 24 Continental drift (Approximate positions)
Wet Paper

Barrier Reefs
Australia’s Barrier
reefs are found off
the coast of Australia
from as far south as
Carnarvon in Western Australia and
Bundaberg
in
Queensland .
The Great Barrier
Reef is made up of
approximately 2,900
individual reefs and
is approximately
2,000 kilometres
long. It can be seen
from the moon, is the
largest single living
thing on earth and is
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only a relatively recent
geological
event. Its history began many thousands
of years ago as the
Australian plate was
moving northwards
in its separation from
Antarctica.
As the coral polyp
grows it secretes a
limestone
base
called the corallite
which is the white
coral skeleton seen
when a coral colony
dies. As the coral
colony grows so
does the size of the
coral skeleton.

20 degree
isotherm

Coral reefs

Fig 25 Coral reefs grow in warm tropical seas
Wet Paper
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Reefs off the east coast
Coral
begins to
grow

Mountains

The sequence of events that started the reef’s growth began
almost 18 million year ago as shown in Figures 26 and 27.
Australia was at a latitude that promoted coral growth at a rapid
rate. As the sea levels rose the corals began to grow in large
numbers, forming a reef on the outside of the continental shelf.
The sea level gradually rose and with it grew the corals. There
were still mountains and plains on the continental crust as the age
of the mammals increased and the Australian marsupials were
coming into their own.

Old sea level

Continental shelf

Fig 26 Australia was at the right latitude for
coral to grow

As the sea level rose, so did the reefs forming fringing reefs
around the new islands and outer reefs on the edge of the
continental shelf. Life abounded in the seas and the islands
became separated by large expanses of water. Populations of
birds may have developed because of the absence of natural
predators such as snakes or dingoes. Turtles could nest and form
rookeries also with the absence of larger predators. This continued
until a series of ice ages began.
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Then followed a series of ice ages as shown in Figure 28. Where
ice formed at the poles it concentrated the water which meant
that the sea level fell. Although it is difficult to calculate,
scientists believe this fall to be about 150 metres below the
present sea levels.

Fig 27 Corals grew upwards to pre-glacial
sea levels forming reefs

Inland mountains

Continental shelf areas were now subjected to river systems and
erosion. The limestone caves under and around old limestone
cliffs were possibly the homes for our early aborigines. Trees
and shrubs grew and kangaroos hopped around. Figure 28
shows the build up of sediments from rivers. About 18,000 years
ago the ice caps from the last ice age began to melt.
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The water level gradually rose as shown in Figure 29. With the
rising waters grew more coral, forming a thin layer over the old
fossil reefs. Gradually this layer increased and a thickness of 15
metres new growth has been measured today. All that has
changed is the gradual weathering and erosion that gives each
reef its characteristic shape. The reef therefore, rests on the
limestone remains of ancient reefs which were “born” about 20
million years ago when Australia’s continental shelf was formed
and covered by the sea.

Fig 28 Glacial periods saw a drop in sea
levels exposing the reefs to wind and rain.
Rivers flowed in between accumulating
sediments in and around reefs
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Three types of reef formed on the Great Barrier Reef:• Fringing reefs around the mainland and offshore islands
• Patch reefs which grow up from the continental shelf
• Ribbon reefs which are at the edge of the continental shelf

Fig 29 Present day reefs
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Sediments

It is important to understand that the major part of a coral reef is
non-living limestone and the living plants and animals only form
a veneer on its surface. On the reefs we see today are layers of
new coral growth, about 15 metres deep, covering the old fossil
reefs.
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Fig 30 A fringing reef north of Cairns
Photograph courtesy Great Barrier Reef
Marine Park Authority

Reefs off the west coast
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Reefs formed off the coast of Western Australia in much the
same way as just previously described. The shape of the
continental shelf is different as are the ocean currents. The
Leeuwin current is responsible for coral reef communities to
growing as far south as Perth, and the national parks of Ningaloo
(Figure 32), Shark Bay, Abrolhos, Marmion, Swan Estuary and
Shoalwater Islands give testament to this fact.

Ice age
terraces

Older limestone

Fig 31 Diagrammatic cross section of the range to reef in Western
Australia
Wet Paper

In their book "Range to Reef", the authors describe the evolution
of the coastal zone as follows:- "Ten million years ago, the north
west corner of Australia was covered by a shallow sea.
Later the crust of the earth crumpled and a huge anticline rose to
form Cape Range Peninsula. The back bone of the range is hard
fossil bearing limestones, laid down on the sea-floor in those
earlier times. The western side of the peninsula exhibits four
distinct limestone terraces" .. as illustrated in Figure 31 above.
Fig 32 A fringing reef in Ningaloo off Exmouth
Western Australia (Courtesy Department of
Conservation and Land Management, W.A.)
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According to Mercer (1991), " Fringing reefs in Western Australia
can be found as close to shore as one hundred metres and can
extend out as far as a few kilometres."
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The moving waters
Ocean currents
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Fig 33 Wind cells are caused by air rising and falling
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Fig 34 The winds of the earth are deflected by the
earth's rotation
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The sun's rays heat the earth unequally causing more air
to be heated at the equator than at the poles. This causes
air at the equator to rise so creating areas of low pressure.
When this rising hot air cools it falls, creating areas of
high pressure. The spinning earth causes these systems
to move. As the wind drags on the water it causes the
water to move in what we call ocean currents. The ocean
currents follow the wind patterns.
In the Pacific there are warm currents and cold currents.
The cold Peru current and antarctic currents sweep past
South America, where they move to higher latitudes and
are warmed. It was in one of these currents that Thor
Heyedahl attempted to prove that the inhabitants of Peru
sailed to inhabit Tahiti, Hawaii, Tonga and possibly
New Zealand.
However, wind is not the only cause. The density of the
water also governs current direction. Cooler water
tends to be more dense and sinks, displacing the warmer
less dense equatorial waters. Salinity also plays a role.
Water tends to flow from an area of low salinity to one
of a higher salinity. Ocean currents had to be studied
around oil rigs following disastrous oil spills overseas.
Australia’s tourist industry would be devastated if there
were a large oil spill in the Coral Sea. Can you suggest
why. A Frenchman, G.G. Coriolis showed in 1884, that
water at different depth moves in different directions.
This causes ocean currents to flow clockwise in the
North and anticlockwise in the South.

Important resources - WA
Your can read more about Western Australian Reefs and Conservation by purchasing
the following:Shark Bay - A little book that's big on content
- not only the Dolphins of Monkey Mia, but
also the History of this special place, its
Geography, and its plants
Range to Reef and Rugged Mountains,
Jewelled Sea - describes Ningaloo National
Park and
Landscope - Volume 7, No 2 - describes
Dolphins, Dugongs and the Desert Coast

Coriolis effect
causes the
ocean currents to
move off to the
left in the
southern oceans

Write to:- CALM Publications , Department
of Conservation and Land Management, 50
Hayman Rd, Como, 6152. Information courtesy Ron Kawalilak CALM Publications.

Fig 35 Pacific Ocean showing main direction of currents and
Coriolis effect
Wet Paper
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An important current El Nino
In the southern winter, a
branch of the Peru current
may cross the equator
northward and continue with
the Equatorial undercurrent
in that direction. During the
summer months however the
counter current may cross
the equator and turn south
towards Equidor where it is
referred to as El Nino.
In 1891, 1925, 1941, and
1957-58 it flowed as far south
as Peru and caused the Peru
current to move seaward. As
it did, it stopped the
upwellings that supported
the prolific bird life off Peru.

Currents within the ocean are important biologically because they mix not only
the oxygen and carbon dioxide from the atmosphere but also the elements from
the rich benthic layers of the sea. Oceanic circulation transports heat from the
equator towards the poles and brings frigid water from the poles to cool the
tropics. This movement of heat is believed to control weather but to this day is
poorly understood.
The Coriolis deflection mentioned on the previous page is responsible for a
deflection of warm, nutrient deficient water from the coastline. This enables
cold, dense bottom water rich in nitrates and phosphates from the "compost
heap" in the benthos, to rise and mix with the warmer water to form an
upwelling. One effect is to promote plant growth and hence abundant fish for
harvesting. If this coriolis deflection is prevented by changing wind patterns, the
warm waters are not pushed offshore and the upwelling cannot occur as happens
in El Nino conditions as described opposite.

Plankton production dropped
dramatically causing the
deaths of millions of fish and
birds. The shifts caused
enormous deaths of sea life
in 1891, 1925, 1941, and
1957-58.
With El Nino came dramatic
changes in the primary
production in California,
Australia Vietnam and South
West Africa. Droughts
occurred causing the deaths
of millions of sheep and
cattle. If anyone living in the
great Australian outback
ever thought they would
never be influenced by the
sea, they had better think
again!
In fact a worldwide El Nino
conference was held in
Australia in 1986 to record
changes
in
primary
productivity related to this
ocean current. The shift in
El Nino may be due to
changing atmospheric
conditions, or it may be a
fluke in nature.
We have no way of telling.
Can El Nino be used as an
index of primary production?
Just how much do the
currents of the world affect
the production on the land?
We have only just begun to
understand ocean currents.
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Fig 36 Significant
coastal upwellings
zones
(After
Lerman (1986)
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Fig 37 Upwelling along the Peruvian coast. (After Lerman (1986)
Wet Paper
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Australian currents
There are four major Australian currents, viz. the:• East Australian and Eddies
• Flinders
• West Australian and
• Leeuwin

South Equatorial
Current

South Equatorial
Current

East Australian
Current

Leeuwin
Current

Western
Australian
Current
Flinders
Current

Eddies

West
Wind Drift

Fig 38 Australia's currents. (After Creswell 1987)
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Fig 39 Eddies (After Creswell 1987)

Studies by Creswell (1987) have uncovered some of the mysteries
surrounding the East and West Australian currents. They used a series
of tracker buoys, satellites and ships and discovered a number of
eddies off the NSW coast.
Scientists from the CSIRO. have found that due to density differences
the Coral Sea is almost a metre higher than Bass Strait. Because one
of the seas is colder, water tends to sink. A striking example of this
can be seen in the Antarctic where the warm equatorial currents meet
the cold antarctic. As the surface water is cooled by the upwelling of
deep antarctic water, the ocean water level sinks. Temperature
differences can be up to 8°C and thermoclines (Figure 41) develop.
But how are these eddies formed? Creswell explains these eddies as
follows, "The East Australian Current, EAC, runs over this shelf in a
number of places causing the current to break up. As it does it causes
eddies.
In the triangle formed between the coast and the eddy, upwellings can
be created, bringing up nutrients from 200 m deep. The waters can be
up to 5°C colder and the water a dirty brown." Now these eddies can
last for up to a year and can drift up and down the coastline. Eddies
could be responsible for upwellings the effect of which is shown in
Figure 39.

Wet Paper
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Fig 40 Tracker buoy
(Photograph Courtesy CSIRO)

The CSIRO Marine
Laboratories GPO Box
1538 Hobart produces
many brochures on
Oceanography. Why
not write for a copy

The Leeuwin and Western Australian currents

0

Temperature C
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According to Creswell (1987), this current, "has its source in
the warm, low-salinity waters off the north-west coast of
Western Australia. It flows southward to Cape Leeuwin and
east across the Great Australian Bight. The current seems to be
driven by a 30 cm lift in sea surface elevation that is set up each
year off the North West Cape. The Leeuwin current intrudes
between the coast and the south west branch of the West
Australian current. It moves south from February to June and
is detected off Perth by late April where its low saline water can
be detected."
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Fig 41 The Thermocline - Because the
surface of the ocean is heated by sunlight, the
depths are colder and there is minimal mixing
because warmer water cannot displace the
deeper colder water. The narrow band of
water between the two layers where water
temperature decreases rapidly with depth is
called the thermocline. This is an important
barrier and affects marine life. The thermocline
stops many minerals from mixing and can
affect ocean productivity.
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The current seems to play a role in the life cycle of the
Australian salmon which spawn in waters of Cape Leeuwin
between April and June. Small fish are later caught off South
Australia probably having been carried there by the current.
The urge to spawn then drives them back to Western Australia
after several years. The adult salmon return to South Australia
after spawning. Scientists from the CSIRO also suggest that the
current may serve to bring juvenile southern blue fish Tuna
south from their spawning ground off the north-west of the
continent.
Much of the proceeding discussion has mentioned the CSIRO.
This organisations oceanographic research is crucial to
understanding Australia oceans. Oil spills in the North West
Shelf can affect the Tuna Fishing off South Australia, pollution
off Brisbane could affect the upwellings and fishing grounds in

Marine Studies Copyright Wet Paper 2014

Diving the depths
Over the years oceanographers have used a variety of vessels to
study the seas. One of the most famous was a fully self
contained Submersible. The date was January 1966 and an
American B52 bomber carrying a hydrogen bomb had crashed
near the Spanish coast. The research sub was the Alvin. It
could reach a depth of 3,000 metres and had a mechanical arm
that could retrieve objects. The research sub could take two
scientists who successfully recovered the hydrogen bomb,
something for which they were sure they would never use
their University degrees!

Fig 42 Alvin
Wet Paper

Today submersibles and microsubmersibles have
evolved very rapidly with computerised circuits taking
over the roles of cumbersome machinery. These
micocomputers have come to the fore in
the manipulator arms of the deep sea
diving vessel. Deep Rover, invented
by Earle and Hawkes, in California,
is just one such vessel. Invented in
1985, it is a medium range submersible
which can dive to about 1000 metres. The
arms of this vessel are highly computerised and capable
of very accurate manipulation of objects outside the craft.
The submersible can hover and gently approach undersea
creatures for close photography or study.
To dive deeply below the waters requires a knowledge of the
types of changes that occur as oceanographers explore the deep.

Fig 43 Modern diving suit and Deep Rover as displayed at Expo
Wet Paper
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Classroom Activities
Activity 1 (80 minutes + homework time required)
(Based on an original idea by Klemm, Pottenger, Speitel, Reed and Coopersmith. 1990)

Purpose
The shape of the seashore tells us much about the way in which the sea and land interact. The purpose of this activity is
for you to identify the major parts of the Pacific. Before you begin you need to understand the following terms. Glossary
of common landforms and features of the coastline and ocean opposite.

Shapes of ocean basins
Now that we have had a look at the origins and shape of the earth, it is time to look at what the shape of the shoreline
is. Find examples of a contour map and raised relief map. A raised relief map is a raised map showing detailed features
of landform. It is the picture you get if flying over land. Raised relief maps are often plastic sheets that have been moulded
to show hills and valleys.

Materials
Contour map plans - these can be found on pages 13 - 17 in the Wet paper Publication "Marine Science Worksheets"
- coloured pencils, pens or paint
- 8 cardboard sheets 2/3mm thick
- carbon paper
- ballpoint pen or pencil
- scissors
- straight pins

A contour map uses sets of lines to show the shape
of hills or valleys at fixed elevations. Elevation lines
are usually chosen to represent regular intervals, as
for example, 10, 20, 30 metres above or below sea
level (0 metres).

- glue
- paper artists cutting knife

What to do
1. Read the descriptions of the features given in the glossary on Page 302.
2. Refer to them as you identify the features on the contour maps from pages 13 - 17 in the Publication - Marine Science
Worksheets
a. Begin the identification of features in each of the maps by locating first the sea level. This will be zero on each
and mark it in a distinct colour.
b. Locate the land, then label and identify the features from the glossary.
c. Locate the contour lines below the sea. Elevations below sea level are shown as negative numbers. Now look
at the glossary and identify and label these in the contour maps.
3. Use the carbon paper to trace out the contour.
4. Now cut out the template and use it to cut out the model sections. Make sure you start at the bottom and work
up.
5. When you have finished paint the model

Activity 2 Build your own reef (80 minutes + homework)
Complete the activity on hypothetical reef as described in the publication "The Barrier Reef World - Wet Paper
Publications page 42, 43 and use the copyright free Page 115. This activity is designed to show students the three
dimensional aspects of the patch reefs illustrated in Figure 29 on Page 295. It takes a good 80 minutes to complete the
model outlines and a further 3 hours for homework to colour and complete the levels and names.

302 Chapter 11 The oceans
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Glossary of terms
Abyssal plane: a flat region in the deep ocean basin
Aggregate: Sand and gravel

which can be predicted under average meteorological conditions
and any combination of astronomical conditions. This level will
not be reached every year. The H.A.T. level is considerably
higher than ‘high water springs’ but less than the water level
reached in extreme events such as storm surges.

Alluvium: Silt, clay, sand, gravel, and other material from rivers
or streams deposited at places where the velocity of flow is
insufficient to maintain the materials in suspension.

Island: a land mass that is smaller than Australia which is
surrounded by water.

Archaeology: Scientific study of civilisations through their
material remains

Island Chain: islands that have been formed by the same
geological process. Sometimes called an archipelago.

Alluvial fan: a broad sloping deposit of material at the a mouth
of a river.

Isthmus: a narrow strip of land connecting two land masses.

Atoll: ring shaped coral reef surrounding a lagoon; may have
low sandy islands
Banks: a shallow area of the ocean caused either by elevation
of the sea floor or by submerging of a land mass. Can also refer
to a sand deposit off a beach.
Bay: an inlet of the sea. An indentation of the shoreline often
between headlands, islands and capes.
Bommie: a rock or coral outgrowth near the shoreline or reef
that often lies just under the water
Buffer Zone: A strip of coastal land of nominated width set aside
to allow natural processes to occur unhindered and for
maintenance of coastal amenity.

Cape: a large point or extension of land jutting out into a body
of water. A cape may be a peninsular or an angular piece of
land.
Channel: a deeper part of a river or harbour that is navigable.
(see Chapter 3) Often marked by channel markers.
Cliff: a very steep or overhanging dry land feature.
Continental Shelf: the shallow ocean bottom extending outward
from the edge of a continent. It is seldom deeper than two
hundred metres. Continental shelves are submerged parts of
continents extending outward 15 to 100km to the continental
slope. Contain fringing, patch and ribbon reefs
Continental Slopes: the cliff front of a continental shelf. It is the
place where the continent ends. At the bottom of the continental
slope is the continental rise.
Continental Rise: this is the area of the ocean bottom between
the continental slope and the deep sea ocean floor.

Lagoon: a shallow body of water almost completely cut off from
the sea by land or reef
Landform: Any recognisable feature of the earths’s surface
having a characteristic shape and produced by natural causes.
Mangroves: Common name for a tree group usually confined
to inter-tidal areas.
Ocean Basins: a large depression in the earth’s crust that holds
oceanic water.
Ocean Ridge: a long continuous mountain range in the ocean
floor of volcanic origin. They are usually found at the point of
separation of the earth’s crust.
Ocean Trench: a deep furrow in the ocean floor, usually found
at points close to where continental shelves and ocean floors
meet.
Peninsular: a piece of land almost completely surrounded by
water. Sometimes connected to the main body of land and
often called an isthmus.
Pinnacle: a sharp pointed rock that rises up from the ocean
floor.
Point: the tip end of a cape, peninsular, headland or other land
feature that juts out into a body of water.
Reef: shallow rock, sand or coral formation often exposed at
low tide found also around islands and then called a fringing
reef.
Sediment: Solid fragmental Material originating from weathering
of rocks and transported by water, wind or ice. Sediment
accumulates as layers in a loose, unconsolidated form such as
sand, silt and gravel.

Down Zone: A rezoning of land to less intense use.

Seamount: An isolated undersea hill or mountain that is usually
shaped in the form of a cone.

Environmental Park: A area set aside under the land Act and
managed to preserve its environmental values.

Sea Stack: a pillar offshore that was once part of the mainland
a wide waterway connecting two larger bodies of

Estuarine: Relating to tidal rivers and streams.

Sound:
water.

Geomorphology: Science which deals with the shape of the
Earth's surface.

Strait: a long narrow water passage connecting two larger
bodies of water.

Guyot: a seamount whose top is flat. The tops are always
below the surface. Not common in Australia.

Submarine Canyon: a deep canyon cut into the continental
shelf and slope which is found at the mouths of rivers.

Headland: a cape or other land form that juts out into the ocean.
It can easily be seen from the sea because it is high above
seawater.

Wet land: In this publication, ‘wet land ’ means natural or
artificial areas covered by fresh, brackish or saltwater either
permanent or semi-permanent and includes mangrove and
sea grass areas.

Highest Astronomical Tide (H.A.T.): The highest tide level

Marine Studies Copyright Wet Paper 2014
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Activity 3 Tides (40 minutes + homework)
Complete the activity on hypothetical reef as described in "The Barrier Reef World - Wet Paper Publications Page 28
and 29 and use the copyright free Page 114. This activity is designed to show what happens when the crest of the tide
wave strikes a large "piece" of continental shelf that occurs in Broome WA and Mackay Qld. The activity has a tide cut
out model, based on an idea by R. Jenkins of the FUSE group SA. Students spin this model and see how the water
on the earth move up and down continents simulating tides. Forty minutes are required for this activity.

Activity 4 Plate tectonics video (40 minutes + homework questions)
You will need
The Video - VOLCANOES
by John Davis 22 minutes Years 8-10
PO Box 19 Newport 2106

What to do
(a) Before the programme review the words-

Ash, bombs, cinders, convection current, fault line hot spot, lava, plates, Richter scale, tsunami (pron: soonarmy),
viscous.
(b) Answer the following questions on the programme:1. Why is the mid pacific ridge in the middle of the ocean?
2. What produces the forces that pull the plates apart?
3. Where will the next Hawaiian volcano form?
4. Why do some island chains (e.g. Indonesia), run in different directions to the Hawaiian Islands?
5. What makes us think that Iceland is part of the ocean floor?
6. Surtsey began as a soft ash island. Why didn’t lava form hot rock from the beginning. Why has the island lasted?
7. Why does the earth quake so much when the plates rub past each other?
8. What do we mean when we say the plates stick?
9. Tokyo has several earthquakes each day. Why?
10. Why is San Francisco certain to have another quake?
11. How do tsunami begin, thousands of kilometres away from the quake site?
12. Why do steep sided volcanoes form over down going plates?
13. Volcanoes have made the air we breathe and the water we drink? Do you agree? Give reasons for your answer.

Activity 5 A matter of time (80 minutes + homework)
(After an original idea by Dave Read)

Purpose
To demonstrate the length of time it has taken to evolve the oceans and the continents into their present state and for
you to make a record of the major geological events leading up to the formation of Reefs.

Read the following (Refer back to Pages 291 - 294)
Geological time. Geologists divide geological time into periods and eras. These are both shown in the table page 305.
As far as we are concerned, things started to happen about 225 million years ago. It is believed that there was one
supercontinent called Pangaea, which was surrounded by ocean.

304 Chapter 11 The oceans
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Pangaea extended from the North Pole to the South. It is interesting to note that studies of core samples of the Pacific
reveal that over time the positions of the poles have changed. The North pole was at the south and the South at the
north for many thousands of years. In fact the poles have changed many times in 225 million years. I wonder if you
can suggest why.
Most of the southern part of Pangaea was covered by ice, including Antarctica, Australia and India. This is called
Glaciation and has shaped much of the continental shelves of the world. When water is locked up in the polar ice caps,
the level of seawater drops. Look at the illustration of the world with the continental shelves. The continents would
have extended out to the edge of their continental shelves and much of the continental slopes would have been cliff
faces. Following the break-up of Pangaea about 200 million years ago, the oceanic circulation slowly evolved into its
present form. About 150,000 years ago it is believed that the first Aboriginals came to Australia over the well established
land bridges that formed because of the ice. At times there was no glaciation and the climate was quite warm. (such
as about 65 million years ago). The Australian Aboriginals were then well established in Australia. But there were a
series of further ice ages that once again exposed the continental shelves. The Aboriginals could have lived and hunted
in caves formed on the continental shelf. Rivers flowed over the shelf and cut valleys which now appear as trenches
in the shelf. Sediments flowed to the oceanic basin and the continental shelf was exposed to wind and rain. No wonder
the continental shelf looks like a drowned river valley, or a wave cut platform that we see today. Eventually the east
west passage near Antarctica developed, which allowed water circulation among the ocean to develop. Events such
as these can be summarised in a Geological Time scale as shown below.

Geological Time Scale
Geological
Time

Approximate Time
million years ago

Important events in the History of Life applicable to
Australia

Recent

18

Coral growth continental shelf

Oligocene

35 my

Specialisation of mammals, sediments flowed from rivers onto continental
shelves

Eocene

55 my

Australian plate still moving north and fracturing

Paleocene

70 my

Expansion of mammals, coral sea forms, cato trough
forms, foundations for Bowen Basin laid down

Cretaceous

140 my

Dinosaurs became extinct, Australia still joined to Antarctica

Jurassic

200 my

First mammals and birds

Triassic

230 my

First Dinosaurs

Permian

285 my

Expansion of primitive reptiles

Carboniferous 350 my

Expansion of sharks and fish

Devonian

400 my

First Insects

Silurian

430 my

First land plants

Ordovician

500 my

First fish

Cambrian

600 my

First marine invertebrates

Precambrian

4600 my

The beginning of life in the Sea

Materials
Three pieces of computer paper, pencil and ruler.

What to do:
Part A: Follow the following instructions to complete an Earth Time line
1. At the bottom left hand corner, write in the scale: 15mm = 100My (million years)
2. Rule a line across the three sheets of the computer paper, 80mm down from the top. In the top half of the page
write, “living events” and in the bottom half, “continental events”
3. Starting at 15mm in, mark of lines at 15mm intervals.
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4. At the far left on the first mark, write earth begins, -4,600 MY. Under the line write, earth congeals, solar system
forms.. Now mark off in 15 mm spaces writing the years -4,500, - 4,400, -4,300 until you get to...
5. -3,900. Then write “oldest known rocks, Greenland”, continue.... to...
6. -3,400, write first life, Procaryotic bacteria.....
7. -3,000., write Simple Blue green algae develop produce oxygen from photosynthesis.....
8. -1,400, write First anerobic blue green algae utilize oxygen, first Eucoroytic cells and multicelluar plants
9. -1,000, write First Jellyfish
10. -700, write First Sponges
11. -570, write Corals develop, sea levels are high covering North America, Africa and
Australia
12. Between -500 and -450, write ice age, sea level falls
13. Between -450 and -430, write ice melts, water level rises
14. Between -430 and -400, write Jawed fishes evolve, Sea Level rises and Pangaea Forms.
15. Between -400 and -350, write Amphibians evolve
16. Between -325 and -300, write First Pine trees, Reptiles evolve
17. Between -280 and -250, write Mammals evolve, Pangaea complete
18. Between -190 and -150, write Dinosaurs and Birds evolve, Pangaea breaks apart, Africa and America break apart
19. Between -150 and -130, write Europe separates from North America and Atlantic Ocean widens
20. Between - 130 and -100, write Africa and South America separate
21. Between - 100 and -50, write India separates from Africa, Antarctica and South America unlock. Dinosaurs die
off.
22. At the -50my mark, write Australia separates from Antarctica
23. At the -20my mark, write first coral reefs form off Queensland coastline
24. At the 0 mark write todays date.
Part B: Using the table below, complete the three sheets of paper for the periods of geological time
1. Use the table to find the times.
2. Rule lines down to mark the cut offs and write the periods in the spaces between the lines
Part C: Use the cut outs from the copyright free sheet at the back of these notes to illustrate the movements
of the continents
1. Cut out the sheets from a photocopy (Don’t cut up the original notes!)
2. Colour in the final continents and work backwards with your colours to predict where the continents of the earth
originally came from.

Activity 6 How much reef was made on the Great Barrier Reef? (40 minutes)
Purpose
To introduce the latitude, longitude, position, sections, depths and elementary geomorphology of the Great Barrier Reef
Marine Park.
You will need
A copy of the Great Barrier Reef Marine Park Map (Appendix 1 - The Barrier Reef World).
A ruler, dark and light blue, green and brown coloured pencils.
What to do
Use a dark blue pencil to shade in between the ocean contour lines 2000 and 4000, a light blue between 2000 and 200
and light green between 200 and 0 metres. Colour in the islands in the reef brown. Now answer the following questions:-
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1. Using the scale in nautical miles at the bottom of the chart, how long is the Great Barrier Reef Marine Park?
2. If you sailed along the entire boundary of the Great Barrier Reef Marine Park at ten knots, starting just north of
Bundaberg and finishing at Cape York, how long would it take?
3. At what Latitude and Longitude does the Far Northern Section begin?
4. What is the Latitude of Cape Flattery?
5. At what Latitude and Longitude does the Cairns Section the Marine Park finish?
6. At what Latitude and Longitude does the Marine Park finish?
7. What is the Longitude of the Daintree Ranges?
The continental shelf begins at 200m depth and extends down to 4000m
1. Are Torres Strait, Ashmore Reef, Boot Reef and Raine Island included in the Great Barrier Reef?
2. Is Lizard Island North or South of Cairns and at what Latitude and Longitude?
3. How many kilometres out from Cairns does the continental shelf extend?
4. Compare this with the distance out from Mackay and Gladstone?
5. What parts of the Marine Park are on the continental shelf?
6. What are the names of the sections of the Great Barrier Reef?
7. What is the area of each of the sections?
8. What is the total area of the Great Barrier Reef Marine Park?
9. What is the approximate Latitude and Longitude of Heron Island?
10. Where is ribbon reef #1? (Cormorant Pass)
11. Do the ribbon reefs off Cairns follow the 200m contour line?
12. Where do the ribbon reefs stop in the Cairns section?
13. Mark on the map the following towns, islands, areas and reefs: Cape Flattery, Torres Strait, Ashmore Reef,
The Daintree Ranges, Lizard Island, Cairns, Townsville, Mackay, Rockhampton, Bundaberg, Gladstone, Green
Island, John Brewer Reef, Hamilton Island, Heron Island, The Whitsundays, Thursday Island, Bamaga, Northern,
Central and Mackay/Capricorn sections.

Activity 7 An Encounter with the Reef (40 minutes)
Purpose
To view a video in order to review the ideas so far presented.
You will need
The slide set or video “Encounters with the Reef”, 35 mm slide projector, tape recorder and screen.
List of words:mountain, fringing reefs, round or oval, ribbon reefs, passages, drop away from northern, coralline, lizard, two hundred,
limestone, ancient dead, 9000, Pleistocene, continental shelf, Bundaberg, 2000, 2400, dark night on the 11 June 1770,
patch reefs, 18,000.
Questions
1. Under what circumstances did the Endeavour run aground on the reef?
2. Complete the sentence:- The Great Barrier Reef stretches along the........from north of Cape York to ........ in the
South, a distance of......km.
3. How many reefs make up the total Barrier Reef System?
4. Complete the sentence:- Each reef is an accumulation of ........... built up by living creatures especially
...........polyps and plants called ............algae.
5. Name three types of reef.
6. Reefs around islands are called............................. such as ....................Island.
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7. Lizard Island is really an underwater ......................... with its peak above the sea’s surface.
8. The second type of reef is a ribbon reef. These are quite common in the .............part of the reef. They grow along
the edge of the continental shelf just where it begins to................ .... to the ocean depths.
9. The third type of reef is called a patch reef. When seen from the air they are usually ................. or ..................
in shape and may be several kilometres across.
10. The last ice age was the.................. Ice age and exposed a coastal plain up to ......km across
11. As the ice melted about............... years ago, the seas again rose, flooding continental shelves all
around the world. The new corals grew on top
of the ............. ...... coral reef.
12. Is the Great Barrier Reef still growing today and why?
13. What roles do the following Abiotic and Biotic features play in the formation of the reef?
(a) Waves (b) Coral rubble (c) Algae
14. What do you understand by a vegetated coral cay?
15. What is the name for live coral and to what animal Phylum does it belong?
16. Tiny plants live in the coral polyps. What are their names and what do they do?
17. Where does the limestone substrate grow in the coral polyp?

Questions to answer
1. What event in the Pacific Plate might have accounted for the eruption of Mt. Fuji in Japan.
2. Look at a map of the Pacific. What processes would you predict formed the Aleutian Islands, Japan, Philippines?
Explain.
3. In what direction is the Australian plate moving? Why?
4. How many plates are shown?
5. Where are the boundaries of the plates usually formed... on land or in the ocean?
6.. What kinds of structures are found at the boundaries of plates?
7. What plates, if any carry no continents?
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Process skills

Content
●

Methods by which waves, currents
and beaches are generated.

●

Identify the principal forces involved in
shaping the coastline

●

Types of waves, currents and
beaches.

●

Demonstrate an understanding of beach
management procedure

●

Effects of waves and currents on a
local coastline

●

research local wave and current patterns
and present results in a report

●

The movement of waters along the
coastline

●

Make calculations involving changing
patterns, summarising in graphical form

●

Forces that cause water to move

●

●

Tides

Suggest ways in which data may change
with environmental conditions

●

Beaches and erosion procedures

●

●

Coastal landforms

Research some aspects of coastal or
ocean changes over time, and present
finding both orally and in writing

●

Relevant legislation or regulations
controlling engineering structures

●

●

The design and operation of engineering structures built to regulate
water and/or sediment flow.

Gather second hand data about this movement, presenting them in either graphical
or tabular form

●

Research operational costs of engineering structures

Topics

Coastal landforms
Rocks and sands of time
Wind and water erosion
Sand formation
Wave and beach interactions
Coastline dynamics
Waves and wave characteristics
Beach dynamics
Student activities and research projects

Skills

Attitudes

●

Use field equipment to measure and
record data on major coastal processes

●

Appreciate changing environmental conditions

●

Use equipment to measure either wave
currents or sediment flow

●

Appreciate the changing nature of our
coasts and coastline

●

Construct a scale model to study wave
interactions with a coastline

●

Appreciate the environmental damage
which can arise from engineering structures.

●

Recognise the extent of differing public
opinion on coastal engineering structures
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Coastal landforms
"The continental shelf is part of the
ocean basin system and is a boundary
between the continental slope and
the Australian mainland. It averages
200 metres in depth and was exposed
during the ice ages. On one side is
the coastal plain on which is settled
90% of all Australians. The other
contains the ocean depths of the
Pacific and Indian Oceans. Over it
travel whales on their migration north
during winter and into it we pour our
wastes. Growing up from it are coral
reefs and living on it is an abundance
of nektonic forms that contribute to
good fishing conditions. Vast parts of
it are not national parks and even
greater
areas
are
totally
unresearched or poorly understood.
It comprises our exclusive economic
zone, which is larger than the entire
area of Australia and this fact alone
presents us with our greatest
challenge of management in the
1990's." Coastal Studies, Wet Paper
Publications, 1990.

So how has the coastline of our great nation been shaped? The
Australian coastline is long and varied and the photographs in the
next few pages are but a glimpse of the different types of coastal
environments on our magnificent continent. This chapter
concentrates on part of our heritage - our beaches, their importance
and how they were formed.
The coastal zone provides a place for recreation and tourism,
shopping complexes, housing and industrial development, quiet
recreation in sheltered waterways, a thrilling ride on a wave or a
place for conservation or preservation to protect our fragile
ecosystem. The shaping of our coastline has been a long and ongoing process.
Many different coastal features have evolved as a result of the
constant shaping by wind, waves and earth movements. The
Twelve Apostles found in Victoria shown in Figure 1 are part
of a heritage which is managed in a national park.
This coastline is exposed to high winds and heavy swells from
the southern ocean driven by winds from Antarctica. The cliffs
are composed of sedimentary rock of variable hardness, a feature
which has lead to a remarkable diversity in shape and size.

Fig 1 Shapes such as these in Victoria have been formed by wind and wave patterns on sedimentary rock of varying
geological composition. Photograph courtesy Victorian Department of Conservation
Marine Studies Copyright Wet Paper 2014
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Fig 2 Coastal dune system New South Wales with creek entrance in foreground (Photo Author)

In the Northern Territory, winds
and currents blow from a
different direction compared to
the coastline off Broome in
Western Australia.
The
continental shelf is very wide in
some places and creates tides
of such a height that water goes
out for hundreds of metres.

The photographs on this page represent completely different
coastlines. New South Wales is also famous for its beaches and
headlands of sedimentary rock. Queensland and Western
Australia have magnificent offshore reefs. The Great Australian
Bight is a vast windswept expanse almost totally uninhabited
and unsettled. In South Australia, the coastline is extremely
varied.

Wet Paper

The Northern Territory is
flanked by the Arafura Sea.
Huge expanses of land are
managed by Aboriginal
populations as is the famous
Kakadu National Park.

Fig 3 Low tide in Mackay Queensland where the tide goes out for over
a kilometre in some places (Photo Author)
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Fig 5 Off the coast of Mackay are Reefs and Islands with crystal clear warm water (Photo Author)

Spencer Gulf, the Gulf of St. Vincent, Kangaroo Is and the
entrance to the Murray River, all show a great diversity in coastal
features. Huge sand dunes adorn the Corong which leads to the
Great Ocean Road in Victoria and on to Melbourne passing
through some of Australia's most magnificent coastline. The
Twelve Apostles are but one of the unique coastal landforms
found here. Carved by the icy winds from the Antarctic, these
monuments bear testimony to the forces in nature that constantly
mould our beaches. Across Bass Strait lies Tasmania. This
small island was shaped by the ice sheets of glaciers over
150,000 years ago. High mountain peaks and jagged cliffs in the
west give rise to quiet beaches and sleepy coves to the east.

Wet Paper

During your lifetime you should try to
drive around Australia so you can see
and experience the diversity of Australian
coastal landforms.

Fig 4 Woodbridge in Tasmania was the home
of Australia's first Marine Studies Centre and
has channels, offshore islands and crystal clear
very cold water. (Photo Allistar Martin)
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Travelling north from Victoria to New South Wales, the coastline
becomes dotted with bays and inlets, evidence of many valleys
and rivers that were covered by water. The beaches in New
South Wales are famous for the lifestyle that has become
Australia’s trademark. In recent times a few have been plagued
by pollution, and increased public awareness of the need to
manage our waste disposal has become apparent.
Further north, Queensland lies in the tropic sun. Large sand
islands lie to the north as does the Great Barrier Reef, one of the
largest ecosystems in the world to be managed by a Government
Authority. In the far north mangroves and rainforest merge at
waters edge.
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The coastline is forever changing. Sometimes it retreats under
wave action , at other times it advances due to the deposition of
sediments. There are many different types of coast but the
character results from two, or more, of the following factors:
• wave action
• nature of the rocks found on the coast
• slope of the coastline
• changes in the level of the sea or land
• volcanic activity
• coral formations
• the effects of glaciers

Classroom activity
Invite a guest speaker to show some
slides of a trip around Australia so
you can gain an appreciation of the
diversity of coastal landforms

Cliff

Wave cut platform

High tide
Low tide

Fig 6 Wave cut platform
Wet Paper

We saw in the last chapter that the sea level changes had a
profound effect on our coastline, especially in the formation of
reefs. Waves are today's forces and can shape cliffs and create
wave-cut platforms as illustrated in Figure 6. In some places
these platforms are bordered by high cliffs and are very dangerous
for people who fish at high tide. Capes and headlands jut out
from the coastline and in some places sea stacks form as shown
in Figure 11.
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Where waves cause sediments three types of features can form:• Beaches
• Spits and bars
• Salt-marshes and mud flats
Beaches lie between high and low tide marks and are governed
by the wave action they experience. High energy beaches have
tough sand particles, whereas fine grained particles are found on
mudflats and salt marshes.
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Fig 7 Some South Australian coastline
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Fig 8 Spit formation (Courtesy Beach Protection Authority)
Lagoon
90 Mile Beach
(A Bar)
Dominant
summer winds

Fig 9 Some Victorian coastline
Wet Paper
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Spits and bars form where there is a longshore drift created by
predominant wave patterns. A spit is a low lying narrow ridge
of sand or pebbles joined to the land at one end and terminating
at the other in deeper water. It may form across a bay or river
mouth. The spit is constantly changing because of the wave
action.
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A bar is very similar to a spit. A common type of bar is that
which extends right across a bay. This starts as a spit growing
out from one of the headlands and ultimately reaching the other.
Many bay bars have a break in them where the tide is too fast to
allow sand to be deposited.

Wet Paper

Bays can form in protected areas where rivers enter the sea in
places called estuaries. A coastal plain characterises some
parts of Australia’s east coast. On this plain mountain ranges
provide the source for many of the sediments found on the coast.
These were volcanic at various stages of our continent's
development. Plateaus and hills provide relief on this plain and
where a river has been cut off from the main stream, a swamp
can form. Mangroves characterise many of these swamps in
northern Australia and are inhabited by a variety of bird life. The
coast off Queensland and Western Australia has reefs.

Fig 10 Mangroves near Darwin are a
characteristic feature of Northern Australia

In Queensland and Western Australia, Barrier Reefs are
characterised by three types of reef as shown on Pages 295, 296
and 313. These reefs have formed on the continental shelf as a
result of upward growth of coral from the last ice age. Caves,
arches and stacks are minor features produced by wave and wind
action during the process of forming cliffs. A cave develops
along a line of weakness at the base of a cliff which has been
subjected to prolonged wave action. It makes a round tunnel
following the line of this weakness and is wider at the entrance.
If the joint of weakness extends to a point further up the cliff, the
cave will break open or right through and form an arch. When
the arch breaks off it becomes a stack. If the breakthrough
occurs further up the cliff, a blowhole is made.

Headland
Sea arch
Sea stack
Cliff

Cave

Bay

Bay
Spit

Sand dune
Sand bank
Beach
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Fig 11 Coastal features southern parts of Victoria
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Fig 12 The stromatolites of Shark Bay WA.
Photo courtesy CALM Publications (1989)

Exmouth Gulf

Ningaloo Marine
Park

Shark Bay Marine
Park
Indian
Ocean
Abrolhos
MPA

Proposed
MPA's

PERTH

Fig 13 Western Australian coastline
Wet Paper
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Rocks of time
In Western Australia there is a vast diversity of coastal landforms,
none more so than in Shark Bay. In their brochure, Why have
Marine Parks and Marine Nature Reserves, the Department of
Conservation and Land Management describe the Shark Bay
area as follows. "Hamelin Pool (Shark Bay) is a shallow gulf,
partially isolated from the open ocean by a sand bank known as
Faure Sill. Because of the limited exchange of the Gulf's water
with that of the outside ocean, persistent prevailing winds and an
exceptionally high rate of evaporation, the waters of Hamelin
Pool are extremely saline. "
"Few plants and animals can tolerate the high salinity of Hamelin
Pool, but those that do live there are abundant..... The unusual
saline habitat Hamelin Pool is internationally famous for another
biological structure, the stromatolites. (Figure 12) These are
solid mounds built by the microbial action of cyano-bacteria
trapping sediments. Geologists tell us that such structures were
formed in shallow pools of our planet when life began....the
stromatolites, although not unique, are the world's most famous
living examples of this ancient life form"

Sands of time
Sand is made from weathered rock. Rocks are made of minerals,
and minerals were formed a long time ago as described in the
previous chapter. Volcanic activity covered our landscape and
mountains were made by the ocean plates of the world pushing
together with tremendous force as Australia was carried from the
tip of Antarctica to where it is today.
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Fig 14 Seven different grains of sand each with a different life history (Photo courtesy QUT)

To make sand, rock has to be eroded. Wind, rain, ice, earthquakes,
chemicals, glaciers and temperature change are some of these
forces. Look at Figure 14 which is a sand sample from 18 metres
of water of an Australian beach and a photograph from an
engineer's thesis on sand grains.

A close examination of sand can tell
coastal engineers where it came
from.
★ Rough angular sand means it
has been blown from offshore.
★ Round smooth sand means it
has been washed down river
mouths and worked in the surf
zone.
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In this thesis on sand grains Smith (1990) identified a number of
sand grain types as numbered in figure 14.
• Grain 3 has been smashed by ice in a glacier and is over
200,000 years old and formed when Australia was separating
from Antarctica.
• Grains 2 and 6 are rounded and have been washed down to the
sea by a river. They could have entered the beach system last
year.
• Grains 1, 4, 5 and 7 are covered with silt and contain marine
borers. They have never been on a beach and have been on
the continental shelf for the last 500,000 years and were
covered up by sea water as the polar ice caps melted.
During the last ice age, this was exposed to wind and erosion
with the sea hundreds of kilometres out. To the south there was
a land bridge between Victoria and Tasmania. In the centre of
Australia, high winds blew. Extremes of cold and heat eroded
rocks. As the rocks were blown about, they split and gradually
became sand.
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Wind and water
Wind transport
Deposition of sediments offshore began some 60 million years ago but the sand that
moves in our beach systems is controlled by forces in nature that have operated over
the past 200,000 years. At this time there was not as much water on our earth due to
the ice age. Large ice caps locked up the water in the seas. The atmosphere was
different and so created different wind patterns.

Fig 15 Australian sand patterns during the ice ages. (After Perspectives of the Earth)
Wet Paper

In Queensland, Smith (1990) suggests that the strongest wind was from
the north on average 120 km/hr. "These winds blew over a large
coastal plain where the Great Barrier Reef now grows. Sand that had
accumulated here blew up into very high dunes creating the large
Great Barrier
sand hills of Fraser Is. and Moreton Is."
Reef Marine
Park
Cairns

"As the ice caps began to melt and with more water over the
earth, different wind patterns began and wind speeds dropped.
Wind speeds over water are slower than land due to friction.
Average wind speeds today are between 15-30 knots. The
movement of air from west to east with the characteristic
high pressure - low pressure - high pressure systems
became a feature of Australian coastal life."

Mackay

Rockhampton
Frazer Is

BRISBANE

Moreton Is

Fig 16 Relative positions of Fraser and Moreton Islands
Wet Paper
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Water transport
The long term erosion of mountain ranges and river transport of sand to the coast has been
going on for millions of years. The Murray River System and associated glaciation of
the Victorian Alps delivered enormous amounts of sediment into the coastal plain of
southern Australia over this time. The Murray -Darling basin accounts for 21% of the
area of Australia.
The material transported by rivers and streams is called the load. Much of this load is
deposited offshore. River valleys became drowned river valleys and the sand on the
plains of these valleys became locked in to the sand budget. With more water over the
continental shelf, wave patterns began and these started to move the sand
as outlined before Refraction caused bays to fill in. Reflection broke down
cliffs and dune systems. Diffraction transported sand into rivers and bays.
More water was moving on earth because of the increased water cycle and
sand of different sizes was sorted out.
The sand budget
As we have seen, 20,000 years ago the Victorian Alps and much of
Tasmania had glaciers. These solid blocks of slow moving ice, caved out
valleys and created rubbles of rock. If the glaciers travelled to the sea, they
carved gorges and valleys. Tasmania’s coastline has such features. Grain
3 in Figure 14 was probably formed in this way. As the ice sheets began
to melt, the water level gradually rose. It covered the sands on the coastal
plain and locked them into a sand system that now borders much of
Australia. This locked sand system is known as the sand budget.

Fig 17 The Murray Darling
System
Wet Paper

Rivers
As a result of the water cycle, rivers return water to the sea. Along the way, rivers can
create sediment in many ways. Rocks can roll, slide or bounce as shown in Figure 18.
The finer grains end up in suspension and the longer the river the greater the suspended
materials. The Murray River System adds much to the sand system of the south whereas
short fast flowing rivers add little.

Remain in suspension
Island

River

Roll

Slide

Bounce

Bed

Fig 18 The shaping of sand in rivers (After Perspectives of the Earth)
Wet Paper
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In slow moving estuaries, fine silt settles out as a result of sand
moving down from rivers. Harder sand particles containing
quartz and silica move towards the coast unchanged. On
beaches with high wave energy, only the harder sand grains
remained. These contain the extremely hard minerals of quartz
and silica.

Non-Carbonate Sands
Silica is extremely hard and highly resistant to abrasion, but
shell readily abrades and becomes rounded and smooth in the
swash zone.

Clouds
Rain

Transpiration
Evaporation
Ru
n
of
f

Evaporation

Ground water

Wet Paper

Sea
Rivers

Fig 19 The water cycle
Activity Sand analysis
This activity is described on Page
344
Aims
★ To identify different sand grain
types and classify them according to the Wentworth Scale
in Figure 20
★ In this activity you will discover
that sand is made of a number
of particle sizes.
★ The biggest particle size is a
boulder and the smallest clay.
Other grain sizes can be classified according to the
Wentworth scale of classification.
★ If the sand you examined came
from a high energy area, most
of the grains would be of silica
or large grain size .
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On the sea-bed extending past the swash zone, all the particles
of all grain sizes are mixed together. Notice that the particle size
on the beach is related to its slope. This can be observed on many
Australian beaches and directly relates to the amount of energy
the beach is experiencing.
Sand cannot form on headlands because the wave energy is too
high. As you walk around a headland you can see the boulders
turn into gravel and finally sand in areas where the waves are
gentle. If two headlands enclose a bay, they capture sand.
(Figure 22)
However if you live in an estuary, you will see mud and silt
accumulating near the mangroves as shown in Figure 21. The
mangroves need the mud for support and the mud can only settle
in this low energy area. If the coastline were altered to allow high
energy waves to enter, the mud would be washed away and the
mangroves would die out. Increased tidal flow can also change
the composition of sediment on a beach.
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Carbonate sands
Beaches and energy
The slope of a beach is largely
determined by the energy events that
the beach experiences. A beach
exposed to continual high energy events
will have a steep slope, with large grain
size. Mud flat beaches have little or no
slope because of the low energy
situation. There reaches a point where
the energy events occurring in an area
are so high that no beach can form at
all. Here, only rocks or pebbles are
found.
Wind, waves, tides and currents all
have the ability to affect the energy
event. A bend in a river can have a
beach on one side and rocks on the
other. Can you suggest why?

Sand can be made from living materials as well. Carbonate
sands are made from the dead remains of animals that had
calcium carbonate in them.
Equiv.
Diameter

Average slope of
beach in degrees

256 cm or more

>25 degrees

Cobble
Pebble
Granule

65-256 mm
4 - 64 mm
2 - 4 mm

10 - 25
degrees

Sand

Very course
Course
Medium

1 - 2 mm
.5 - 1 mm
.25 - .5 mm

5-9
degrees

Mud

Fine sand
Silt
Clay

.07-.25 mm
.003-.07mm
.003 or less

< 5 degrees

Class

Subclass

Boulder
Gravel

Fig 20 Beach slope increases where wave action increases. Average
slope data after Klemm et al. (1990)

Wet Paper and Qld Fisheries

Fig 21 Mud settles and beach slope decreases where water velocity and wave action decrease.

Fig 22 Sand of a larger diameter which settles can only remain when water velocity increases. Beaches tend to be
a steeper slope and have a higher grain size where the energy events are higher.
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Fig 23 The slope of the beach is related to wave size, wind strength, beach composition and grain size. The open beach
on the left is subject to high energy waves whereas the beach on the right is protected by a offshore reef as well as inshore
islands

Wet Paper

When you look at your
sand sample in the
activities at the end of
this chapter, try to identify
where particles of this
sand have come from.

Non-carbonate sands are made from minerals that eroded in the
hills long ago. On coral cays on offshore reefs nearly all the sand
is from the dead remains of coral and animals as shown in Figure
25 . These sands contain a high percentage of calcium carbonate.
Broken down sea urchin spines, dolphin vertebrae, tuskfish
teeth, sharks skin, pieces of coral, dead algae, broken shells and
many more animal and plant pieces go to make up the sand on a
coral reef. At the water's edge these are quite visible because the
water velocity is quite high, but at the top of the beach where
there is reduced wave action the sand particles are very fine and
the sand.

Fig 24 Sand can be made from corals and the dead remains of the animals and plants that live in them
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Fig 25 The sandy beach formed on this reef cay has come from the dead remains of living organisms
Wet Paper

Wave and beach Interactions
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Fig 26 A hypothetical sand system
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Waves

Sediment is added to the sand budget by erosion
from mountain ranges as shown by A in the Figure
26. Over long periods of time rocks break down to
form smaller fragments of either the parent rock or
the individual minerals of the rock. The process of
weathering is very slow and is dependent on the
composition and structure of the rock that is eroded
as well as other factors such as rain, wind and
temperature change. Many minerals within the
rock are fine grained and break down to form clay
and silt as discussed earlier . Other minerals like
mica and feldspar are soft and break down to form
sand which forms from the initial weathering process.
Harder minerals like quartz stay the same but
gradually become smaller. The sand particles are
washed out of the river mouth at B during periods of
heavy rain. They are then moved along the coastline
at C by the oblique wave pattern as shown in
Figure 26. Finally the sand leaves the system at D
and accumulates in an estuary or bay sheltered by an
offshore island. This is called a “sink”. Some sand
may leak from this sink into another sand system as
shown by E.
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Fig 27 Shows how sand is washed out of a river and picked up by the long shore drift

Once in the beach
system, the sand is
free to move. It is
quickly sorted by
wave and ocean
currents. The very
fine sediments move
offshore and are
d e p o s i t e d .
Eventually they will
roll
down
the
continental shelf to
form part of the deep
sea ooze.

Part of this natural system is shown in Figure 27. During floods the sand will
be moved rapidly towards the sea. When the rate of deposition at the mouth of
the river is greater than that transported north, a delta will form. Where the wave
action is high, only the heavier particles will form part of the beach and the clay
and silt will remain in suspension. Only when the wave action decreases or
sediment is washed into areas protected from wave action will the fine clay and
silt particles settle out.
Sediments in the wave zone are sorted more
dramatically. A long shore current moves the sand particles back and forth along
the beach. Incoming waves also move the sand onto and off the beach as part
of a natural process. But first we must learn more about waves to truly
understand the forces that move sand on our beaches.
Waves
We have already looked at Australian currents and how they are generated. The
ocean moves in waves. A study of waves is important because it helps engineers
design ports, harbours, sea defence systems and lately, sandy beaches. We need
to know how powerful waves are, when they will break, how they break and
what their effects are on the sediments below.

Fig 28 Waves have great influences on the sand on our beaches. Courtesy Brothers Neilson and Australian Surfing Life
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Waves are living
energy created by the
sun.
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As the sun heats the
oceans of the world, it
causes parcels of air
above the sea to rise.

crea
tion
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Fig 29 Wave formation
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Sea Surface

As a result, a partial vacuum
above the ocean’s surface is created
and nearby, cooler air moves into this
space.

1
1

The sun provides the energy for the
air molecules above the sea surface
to rise

2

These molecules rise as a
parcel of air

3

Parcels of air close
by move in to the
space creating
wind

4
4

As this parcel moves over the water it
causes the water molecules to wrinkle
forming ripples

Hot
air
rises

This movement of air is called wind.
As the wind moves over the surface of the
sea, it causes the surface to wrinkle and
drags the water molecules into a ripple.
The more the wind blows, the bigger the
ripples until finally a wave is formed.
The distance over which the winds can
actually manufacture waves is called the
fetch.

Ripples

Fig 29 How waves begin
Wet Paper

Now waves in the sea develop to a plan.
Look at Figure 30 , and assume that no waves have entered the system.
• When there is no wind there are no waves.
• The first wind blows causing an initial disturbance and ripples form. The ripples are
very irregular and uneven and the direction in which they travel varies. The crests are
barely perceptible.
• The wind now starts to blow over a much greater distance called a rising sea. The waves
are still in a confused state. The distance between waves is small, however, the wind
continues to blow.
• The ripples have captured themselves to become a developing wave and the waves move
out of the fetch.
• The developing swells
fully
merge,
a
fully
developing
developed
rising sea
swell
developed
swell
swell
occurs and these swells
can
travel
for
thousands
of
FETCH
kilometres and finally
break as shown in
Figure 28.

ripples

WIND

Fig 30 Swell formation
Wet Paper
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Large fetches produce large waves such
as can be found in Hawaii and Cape
Horn. Smaller fetches like the Tasman
Sea produce in the main smaller waves.
Waves at Margaret River Western
Australia and Bells Beach in Victoria can
produce larger waves because the fetch
is larger.

crest

wavelength
λ
crest

trough

Orbit
fields

Wet Paper

mean sea
level

height

Fig 31 Wave characteristics

Waves have a top (the crest), a bottom (the trough) a wave length
and a height. They can travel quickly or slowly (the frequency)
and can be large (storm waves) or small (calm seas). Their
stored energy is in the orbit fields.

Waves that break
here, have been
formed over these
fetches

Activity

Large waves form as a result of wind blowing over great
distances. The waves that break in Hawaii or Cape Horn,
developed this way. In Australia waves that break on the shore
rarely exceed 6 metres in height. On the east coast they develop
in the Tasman Sea and on the west coast in the Atlantic and
Indian Oceans. These waves are driven by the high and low
pressure systems that move across Australia.
Wave sets and "rogue waves"
In the sea, swell waves sometimes capture ripples and developing
waves to form adjusting and airey waves. When two or more of
these captured waves travel together, they form a beat or wave
set. Figure 32 shows wave sets approaching the beach. Sets
can also form around headlands as shown in Figure 33.

Wet Paper

Show the video Waves
in the Ocean as detailed
on Page 339

Wet Paper

Waves that break at Cape Horn have a very large fetch

Wave size

Fig 32 Waves as they approach a beach tend to come in sets
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Fig 33 Wave sets can also form around headlands. Lennox Heads NSW.

Surfers sit on their surfboards waiting for these sets before hassling each other to see who
gets the wave. Sets can also approach a sandy beach, reef or bay and have often been
blamed for many boating accidents. Some yachtsman speak of a "rogue wave" as being
responsible for a disaster. This rogue wave could be the freak combination of two or more
sets.
Summary of wave features
★ A wave is defined as a carrier of energy and is said to have the following general characteristics.
★ A shoaling wave is a breaking wave. Three types are commonly seen - plunging, spilling and
surging.
★ Energy. This is transferred from the wind to the wave. When the wave breaks, the energy
of the wave is transferred to the environment in which it breaks. (e.g.: sand, rocks or even the
wave breaking turbulence).
★ Celerity: This is the speed of the wave in a certain direction and is expressed in metres per
second and has the symbol C.
★ Wavelength: The distance is metres between wave crests or troughs. The units are metres
and the symbol is (L).
★ Frequency is the number of wave crests that pass a fixed point in a certain time. Frequency
has the symbol ƒ. Frequency is expressed as waves per second. Small high frequency waves
tend to build beaches. Large low frequency waves tend to erode beaches.
★ Period: This is the time between waves. The period has the symbol T and is expressed as
seconds per wave. If you stood at the beach and counted the number of broken waves that
touched your feet every minute, you would be measuring the period of the broken waves.
★ Crest. The top of the wave is called the crest and the bottom of the wave is called the trough.
★ The orbit fields. The wind causes the water to move in a series of circles called wave orbits.
These circles or orbits move in a circular motion and decrease in diameter with depth. A series
of wave orbits is called an orbit field. These move sand towards the beach during beach
building processes and off the beach during erosion processes.
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Measuring the speed of waves

Revision problems
1. A wave has a length of 15
metres and period of 3 seconds per wave. What is its
celerity?
2. A wave has a L of 25 metres
and a T of 6 seconds per wave.
How fast is it travelling?
3. A wave having a frequency of
5 seconds per wave is found
to be travelling at 25 metres
per second. What is its wavelength?

(Waves in the ocean travel with different characteristics than
shallow water waves. The difference is not discussed here.) In
general we can relate wave speed (celerity), frequency and
wavelength as follows:
Wave Celerity
(speed)

=frequency x wavelength

Sample problem: A wave has a length of 15 metres and you count
5 seconds between each wave (i.e. a period of 5 seconds per wave).
What is its celerity?
Ans:

Celerity

=

frequency x wavelength

Frequency

=

1/period

Celerity

wavelength
=
period

Jan - March

=

15 metres
5 seconds per wave

=

Tropic of Capricorn

3 metres per second

Trade winds and surf
High

Sept - Nov

High

We learnt last chapter that the sun’s rays heat the earth unequally.
More earth is heated at the equator than at the poles. On a large
scale, air heated at the equator rises faster and creates an area of low
pressure below it. Because of this rising air, cells of low pressure
form around the equator. The places where air sinks form areas of
high pressure (see Page 297). The spinning earth moves these
pressure cells in patterns called trade winds. As the high pressure
moves from left to right the direction in which the wind blows will
vary. Each night on the weather report we see these systems
depicted as shown to the left.
Pressure systems

Fig 34 Pressure systems compared
Wet Paper
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Low pressure systems can also increase wind speed and direction
as they squeeze high pressure systems isobars close together.
Winds increase as the isobars squeeze together as shown by Figure
34. Wind speeds of 35 - 45 knots over a day can increase the wave
height from 1 to 3 - 5 metres. However, once the low moves out
to sea and the wind decreases back to 5 - 10 knots, the wave height
soon drops back to a metre of swell. During January and March high
pressure systems tend to move at lower latitudes over Australia
creating different wind patterns and sea conditions compared with
September to December. For those who surf, this makes a big
difference to the type of surf experienced. From Bells Beach in
Victoria, Margaret River in Western Australia or to Noosa Heads in
Queensland, the surf can vary on the coast. The energy on our
coastline changes with the weather.
Marine Studies Copyright Wet Paper 2014

Fig 35 Pressure systems interacting
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Waves and coastlines
As waves approach headlands the sea floor
absorbs the wave energy . However the
water depth around headlands slopes off
and one part of the wave slows more rapidly
than the other.
This causes the wave to bend as shown in
Figure 36. When a wave bends as a result of
shallow water around a point, refraction is
said to occur. A right angle drawn to the
crest is called an orthagonal.

This causes the wave to break at an angle.

Wet Paper

Notice how the orthagonals follow the wave
refraction in Figure 36 below. As the water
depth decreases the energy in the wave is
absorbed at different rates.
Orthagonals

Wave crest

Beach
SLOW
FAST
.5 metre
1 metre
2 metre
3 metre

Fig 36 Refraction is caused by waves approaching the coastline with unequal water depths
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If there is an offshore wind blowing, the air inside the breaking
wave gets trapped and a tube forms. When the air pressure
increases to a critical point, water and air can be squeezed out of
the tube. If the waves broke directly onto the headland and
bounced straight back at the next wave reflection would have
occurred as shown in Figure 37. If waves came between two
very narrow points and spread out in both directions, diffraction
would have said to have occurred (see Figure 38)

Headland

Wet Paper

Wave reflection

Refraction and diffraction
From wave tank experiments you should have observed that as
waves pass into shallow water they slow down, increase in wave
height and decrease in wavelength.
This effect is called
refraction and occurs around headlands. If winds are offshore,
these make ideal surfing waves as the wave breaks evenly from
one side to the other giving the surfer a long ride. Waves that
enter a bay or boat harbour that widens out inside the entrance,
tend to speed up, increase in wavelength and spread out.

Fig 37 Reflection of waves off a headland

Diffraction

Orthagonals

Wave crests

Wet Paper

Refraction

Fig 38 Waves refract around headlands
and diffract into bays

Coastline
Sand forms
sand spit

This effect is called diffraction. We can trace the direction of
spread by drawing lines at right angles to the wave crest, called
orthagonals as shown in Figure 38. These orthagonals help
coastal engineers plan boat harbour designs, rock walls, foreshore
developments and beaches. Boat harbours and river mouths
have similar effects where wave energy is dispersed as the wave
enters. The wave bends around the rock walls and moves into the
boat harbour. Much of the energy is lost and so the wave height
quickly decreases, making for an effective boat and ship
berthing situation. As we will see later, the slowing effect of the
waves drops their suspended sediment. This causes a problem
of siltation as shown in Figure 39.
Studies in wave patterns as they react with coastlines are important
for engineers when they design ports and boat harbours. A safe
berth should have very little wave action and hence the rates of
diffraction need to be reduced to as small as possible.

Sand refracts
to silt estuary

Reflection
Large storm waves travelling from deep water striking headlands
expend a tremendous amount of energy on the structures they hit.
Water is thrown up into the air and a wave forms which moves
backwards. A wave which bounces straight back on itself after
striking an object straight on is called a reflected wave. (Figure
37) This reflection often results in the shaping of headlands to
form wave cut platforms.

Approaching
waves

Fig 39 Refraction in a river mouth
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Sand banks, rip currents and wave patterns
As waves approach the beach they are affected by water depth.
This depth is never constant near the coastlines with sandy
beaches.
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The ASLA have identified four types
of rip:-

Sand banks are found offshore and are constantly changing with
tide, current and surf conditions. Waves break on these sandbanks and rush towards the beach. There is a constant movement
of sand in this area and a dynamic flow is set up between beach
and sand bank. The area of beach that contains broken waves is
called the surf zone. The surfing beach system is the area
where waves break. Also called the surf zone, it is an area of
constantly moving sand. Gutters and rips can form within
minutes as the sands are constantly moved around in the longshore
current.

Permanent - where the current remains in the same place for months,
even years

Head

Fixed - where a gutter or depression
in beach sand keeps a rip in place
for months

Waves

Neck
Waves

Travelling - where a rip moves up
the coast.
They suggest that Surf Clubs should
become familiar with the special
contours of their particular beach.

Feeder

Mouth

Feeder
BEACH

Fig 40 Rip currents (After ASLA 1987)

Fig 41 Beach showing rip currents with adjacent sand bars (Photograph courtesy Australian Surf Life-saving Association)
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Flash rips - where a depression
suddenly occurs in a beach profile

Revision questions

Erosion

1. List seven factors that have
contributed to the shape of our
coastline.

North
Shore
th

Accretion in the
form of a sand
spit

R
iv
e

r

m

o

u

2. Name the three types of coastal
features that can form as a result of
wave action.

Longshore
current moves
sand along
beach

3. What is a wave cut platform, and
what does it look like?
4. Where are mangroves found and
under what wave conditions can they
grow?

The river of
sand

4. What is a sea stack and how is it
different from a sea arch?
5. What are stromatolites and where
are they found?

rth

Wet Paper

No

6. Where is Ningaloo National Park?
7. Name the three types of sand grain
identified in Figure 14.

Fig 42 Sand spit and river mouth

8. How were the large sand islands of
Fraser and Moreton Island formed?

Sand spits and river mouths
The movement of sand can be affected by a river within the system.
Sand moves in the surf zone until it reaches the deeper water
caused by a river mouth. Here, the waves refract, slow down and
deposit the sand into a sand spit. This spit can vary dramatically
because of tide, river currents, prevailing surf conditions and
directions.

9. Name four sand shaping features
involved in river dynamics.
10.What is the sand budget and why is
it important?
11.Draw a diagram of the water cycle.
12.What are the names of two non
carbonate sands?

The nett effect however is a gradual lengthening of the sand spit
in the direction of the predominant wave pattern. If the north shore
of the river mouth erodes then the southern shore accretes. If left
alone, the river mouth will keep moving north. Islands can form.
New river mouths can be created.

13.How is beach slope related to wave
size?
14.Draw a diagram of a sand system
showing where sand forms and ends.

Island

Estuary

Sand leaves the system
here

e

tlin

as

Co

Sand moves on and off the
beach due to high energy
events
Sand is moved by the long
shore drift

A
Sand is made here
Mountain
range

B

irection
ve d
Wa
Headland
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Sand enters the
system here

Fig 43 A sand system
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River entrances are very dynamic places for sand movement
and, as will be discussed later, Australians have done a remarkable
job in stuffing them up!!

Revision questions
1. How are waves formed?
2. Describe the characteristics of a
fetch.

The sand budget

3. What are orbit fields and what do
they contain?

Income

Expense

We have looked at ways sand forms, how it is moved along the
coastline and how it accumulates in dunes on the beach. The
sand budget discusses the nett movement of sand into and out of
a sand system. Different systems will contain different types of
sand but the overall principles are the same. Sand comes in, is
moved around and is lost. If the sand visible on our beaches is
to stay in quantities necessary for tourist enjoyment, then
engineers need to calculate the sand budget. Every budget has
an income and expense. Profit or loss is what is left over after
all expenses have been paid. The table opposite summarises
some of the parts to the budget. In one Australian State , studies
have shown that 500,000 cubic metres of sand move in the sand
system each year. The amounts will vary and depend on the
energy that the beach experiences. High energy beach systems
will move more sand than low energy sand systems. Do you
know how much sand moves in your local beach system?

Rivers & streams

Deposition into bays
and rivers

How sand is introduced to the beach

Cliff erosion

Longshore drift (out)

Longshore
transport (in)

Wind (offshore)

Wind (on shore)

Mining

Beach nourishment

Daming of rivers

Animal and plant
remains (Shells)

Animals and vehicle
movements

4. Suggest a possible reason for
"rogue waves".
5. How is wave size related to fetch
length?
6. What is a shoaling wave?
7. What is celerity and how is it
calculated?
8. Why does refraction occur?
9. How do rips form?
10.What is accretion at a river mouth?

As waves move towards the beach their orbit fields interact with
the sea bed. Many frequent small waves create a situation where
sand particles are picked up and flicked towards the beach. The
orbit fields create a series of sand waves which progressively
migrate close to the visible beach. As the wave breaks, it forms
a wave bore which is responsible for carrying sand particles of
a set size towards the beach.

Fig 44 A sand budget
Constructive wave - generalised situation

During high energy events
the distance between
waves is great and the sand
moves offshore.

Wave orbit fields
Sand ripples

Fig 45 Wave bore dynamics
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3
3

Not to scale.
Generalised
view only.

During low energy events,
the orbit fields form moving
the sand towards the
beach.

3

2
2

1
1

1
1

Orbit field pulls sand back

2
2

Incoming wave orbit field catches sand and pushes it forward

3
3

Waves momentum carries sand past original position and
drops it a little bit closer to shore

Wet Paper

The wave bore is the controlling influence on the
beach.

Chapter 12 Coastlines 333

Wet Paper

Wave bore

Fig 46 The wave bore with constructive waves. The bore carries sand towards the beach, stalls and drops it in a microridge

When the wave bore stalls, as shown in Figure 46 (right), the sand is
dropped in a pile as shown in Figure 47. The sand deposited by a wave bore
when it stalls on a beach is called a microridge. In calm conditions these
microridges can be many millimetres thick and result in much sand from
offshore, being deposited on the beach.
Microridges

Wave bores - broken waves
which carry sand to and from
the beach.
Microridges - minute ridges
on a beach containing sand
dropped by wave bores.

Beach berm - is a small
build up of sand near high
tide on a accreting beach. It
disappears with a storm.
Dunes - mounds of sand
covered with vegetation
which act as a reservoir for
the storm bar during high
energy events on the beach.
Built entirely by wind of
speeds greater than 25-30
knots.

334 Chapter 12 Coastlines

Wet Paper

Swash zone - is the
maximum distance the
wave bore travels up the
beach. It can be identified
by the “wet bit”. The wave
bore is the broken part of
the original wave as it runs
up the beach.
Fig 47 Some microridges contain a variety of sand grain sizes which is dependent
on the energy of the wave bore

Waves that deposit sand on the beach in this way are called constructive
waves. After a wave has broken , much of its energy has been released,
there is however, enough energy to carry sand up the beach. This area is
called the swash zone.
If sea and wind conditions are very calm, the micro-ridges can build to
form berm. These berms are very unstable and can disappear with a rising
sea in a matter of minutes.
Marine Studies Copyright Wet Paper 2014

Vegetation causes wind
velocity to drop. Sand
falls to base of plant.
Hot days
Strong
wind

Sea
Primary colonisers respond to
sand. Primary dune builds.

She Oak branches drop and
cover sand. Secondary dune
builds.
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Strong wind

Fig 48 Beach building conditions - small, frequent, constructive waves, hot days with onshore winds

If there is a strong onshore wind, the sand is blown
up the beach where it gets trapped in the dune
vegetation.

A message from our sponsor
Dune vegetation keeps the beach in place. No dunes
- no beach. Australians must learn not to chop thee
down for a better view or destroy the branches are
grass when using the beach. If you do rest surfboards
on the trees or walk over the dune grass, be careful
and make a common track you all walk to so that you
don't destroy this fragile ecosystem. Above all don't
let rubbish blow into the sea . The plastic kills turtles
and fish offshore.

The shape of the dune plants plays a crucial role in
the development of the dune. Dune plants reduce the
wind velocity causing the sand to drop to the dune.
The sand provides a stimulus for the plants to grow
and the dune will increase in size.
Dune fences achieve a similar result.

Wet Paper

There are two, sometimes three and four dune
systems. The secondary dunes contain a taller type
of tree. This secondary dune plant catches more
sand, causing it to fall to the base. In some species
the leaves actually drop, covering the sand and
stimulating the tree to grow further. Other secondary
and tertiary vegetation does this as well and plays an
important role in keeping the sand on the beach and
in the dune system.
This is called an Accreting beach - a beach where
sand is moving onshore and nourishing primary,
secondary and tertiary dune systems.

How sand is removed from the
beach

Wet Paper

Waves that approach the shore and change shape are
called shoaling waves.
As wave size increases
they become storm waves and bore frequency
decreases.

Fig 48 An accreting beach situation where the wet swash
zone (top photograph) can be seen in the foreground, the
dry microridges behind this and the primary and secondary
dunes (bottom photograph) behind this

Marine Studies Copyright Wet Paper 2014

The wave orbits do not have the ability to move sand
forward and so move sand off the beach towards a
sand bank off shore. This sandbank is called a storm
bar which stays in place for the duration of the
storm and for many months after.
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Fig 49 A storm situation on a
beach - the water is grey,
mixed with the sediments
collected by the larger orbit
fields. The beach has "foam"
containing much organic
matter - the wave bores are
long and infrequent and
lacking the orbits necessary
to move the sand onto the
beach. The full force of the
wave strikes the beach tearing
the sand away and forming
an erosion scarp.

Here the larger waves break losing much of their
energy in the process. The wave can break and
reform and break again about half its previous
height. This is shown by H1, H2 and H3. in Figure
50 “Shoaling means wave length and celerity
decrease, troughs rise and crest falls above mean
sea level until the wave breaks.” Smith, S. 1990.
During a storm the energy in the swash zone
increases. Wave heights also increase and the
effect on the active beach system is dramatic.
Large areas of sand are eroded from the beach and
move offshore to form a storm bar. The wave
bores are now less frequent and tear at the beach
face causing erosion of the visible beach profile.
The bores carry foam onto the beach and the
visible beach decreases in size.

Wet Paper

Here the high energy of the waves is absorbed and
erosion is reduced. The size of the active beach
system now becomes greater and a large erosion
scarp forms on the beach as shown in Figure 51.
Many factors control the amount of erosion that
will occur. The storm bar needs to be fed by the
sand bank on the beach. There has to be enough
sand in the reservoir of sand to keep feeding the
storm bar while the storm seas prevail.

Fig 50 Storm waves
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Erosion signs include:-

Fig 51 An erosion scarp is associated with storm waves

distance between wave bores
increases

●

large profile angle near dune
area

●

sand is hard in the swash zone

●

no micro-ridges visible

●

runnels visible in swash zone

●

Grey seas

●

Foam in the wave bores

●

Black heavy mineral washed
to the top of the beach

The sea will erode the land. Trees and
natural vegetation are often sacrificed
in the process.
During a storm the sea turns grey
indicating that large amounts of
sediment are now in suspension. These
seas are characterised by foam on the
beach, long infrequent wave bores and
hard sand.
Foam builds up on the beach containing
much suspended organic matter.
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Erosion is a natural characteristic of beaches and many critics of
beach conservation fail to realise this and stir up public criticism as
soon as the erosion cycle starts. An erosion scarp is formed as the
sand from the dune moves offshore to form a protective storm bar.
The micro-ridges no longer form on the beach and are replaced by
runnels. Beaches will continue to erode while a storm persists. The
sand moves out to an offshore storm bar where most of the wave
energy is absorbed.
At low tide small waves lap the shore however because of the lowered
beach profile, high tide sees more erosion. The sand dune is again
eroded with more sand moving offshore.
Eventually there will be enough sand on the offshore bar for equilibrium
to be established. If there is insufficient sand in the dune reservoir,
the sea will continue to erode the land.

●

Fig 52 A well protected beach - storm bar out to sea with 2 - 3 metre storm waves breaking absorbing the high wave energy.
Look at the size of the waves breaking on the beach.
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How sand returns to the beach
After the storm, the wave energy decreases and the smaller
more frequent constructive waves move the sand towards the
beach again Sand waves can again be seen or felt under the
water and advance towards the visible beach. It can take up
to 18 months for a beach to recover its original beach profile
because many smaller storms may affect the beach during that
time.
When the dunes eroded, the roots of plants and shrubs were left
dangling on the erosion scarp. This is called the fretting. These
roots now trap the sand as it blows up the beach from the dry
micro-ridges. It may take up to eighteen months for the original
profile to re-establish and it is important that the dune vegetation
be protected from damage.
Wet Paper

Reforming the dune

Wet Paper

Fig 53 The fretting at the base of the eroded
primary dune allows sand to build after a
storm

The dune system acts as a buffer zone between the land and the
sea. Dunes have to erode during storms just as they have to
rebuild during calm weather. Figure 53 shows fretting left
behind by pioneer plants in the erosion scarp. The roots are
ready to grow again when the wind blows sand back into the
base of the erosion scarp. Dunes provide a place for pioneer
vegetation to grow so that more complicated plants can establish
themselves further inland. Without this buffer zone the sea
would easily claim the delicate land plants which are adapted to
soil, fresh water and unsalted air. The dunes provide a place for
this transition to occur.

Fig 54 The dune system having recovered from the storm provides a reservoir of sand.
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Classroom, Library and Field
Study Activities

Activity 2 Weather and Waves
You will need

Some of the activities described here require the Wet
Paper books:

a video player and the video on Weather in Australia from
Classroom Video

Coastal Studies

What to do

Marine Studies Exam Questions

View the video and write a paragraph on each of the
following.

If you do not have the books, write for a copy of the
Teachers Guide which will be available March 1992 Wet Paper 14 Milbong Terrace Ashmore 4214

1. How hot air rises
2. Water Vapour
3. Meteorology

Videos are available from
● Classroom Video, 81 Frenchs Forest Rd., Frenchs

Forest 2089.

4. Barometric pressure
5. Wind

● Encyclopedia Britannia, Private Mail 33, Castle Hill,

6. Cyclones

2154. "Beaches - a river of sand"

7. Cold and Warm fronts

● Beach Protection Authority - your State or GPO
Box 2595 Brisbane 4000

8. Rainfall
9

Weather maps

Activity 3 A long wave tank
Aim

Activity 1 Waves in the Ocean Video
Aim
As a result of watching this video you should have gained
a better understanding of how waves move in the ocean,
described what happens when waves approach a shore,
recalled the effects of waves as they pass around headlands and breakwaters and appreciated the movements of
sediment flow in these regions
You will need
a video player and the video on Waves in the Ocean* from
Classroom Video
What to do
View the video and write a paragraph on each of the
following.
1. How waves form
2. The waters path in a wave
3. Wave sets or beats
4. Diffraction
5. Reflection of waves
6. Refraction of waves
7. Translatory waves
8. Why waves break
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To measure some wave characteristics in the classroom
You will need
*

wave tank

*

12V battery charger

*

old windscreen wiper motor

*

friendly Manual Arts Teacher

What to do
1. Use your friendly Manual Arts Teacher to help you
build your wave tank out of scrap wood, fibre glass
and plastic as shown on Page 13 of the Wet Paper
Book - Coastal Studies. The windscreen wiper
motor gives a good constant period to create the
waves necessary for the experiments. Once the
motor is screwed in place and working at about 6
volts, add sand and water.
2. You could build one using plastic, timber and have a
manual paddle or you could even use a stream tray
supplied to schools to show how streams flow,
however these have limited use as you need a side
on view.
3. Set the wave tank in operation to give slow small
waves.
4. With a ruler measure the wave length by working
with a partner and using a marking pen to mark off
accurately two crests on the front of the tank.
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5. Count the number of crests that pass a fixed point in
10 or 20 seconds and calculate the frequency in
waves per second.

(b) find out if long shore drift is consistent at different
distances from the shore.

6. Now calculate the wave celerity. Complete a data
table like the one on Page 13 of the Book Coastal
Studies and then use other wave patterns to record
different results.

(d) estimate the positions of rip currents and describe
some of their effects.

Questions
1. Are the wavelengths different for the different paddle
speeds?

(c) manipulate data in graphical form.

(f) estimate if the long shore drift changes before and
after high and low tide (if you have time).
You will need
*

a straight stretch of beach

2. Does the frequency increase or decrease with wavelength?

*

two oranges

*

data sheet, pencil, hard surface to write on

3. How does celerity compare with wavelength? Is
there any relationship?

*

watch with second hand

4. If the wave tank is run for any length of time, does the
sand at the bottom of the tank move? If so in which
direction and under what wave conditions?
5. Can you derive a formula for the conditions under
which waves break. See Fig 1.20 Page 19 of the
book Coastal Studies.
6. Can you suggest who might use such calculations
and for what purpose?

Activity 4 Long shore drift
You will need
*

a stream tray, wave paddle, some sand and water
like the one shown on Page 21 of the Wet paper
Book - Coastal Studies

*

to work outside

*

condys crystals liquid in dropper bottle

What to do (You will need to work outside)
1. Fill the stream tray with sand as indicated and shape
a beach sloping from X to Y as shown in the diagram
on Page 21.
2. Add water carefully to half the depth of the beach.
3. Make small waves of a frequency of one per second
with a rocking motion of the paddle.
4. Observe what happens to the sand on the beach.
5. Carefully add three drops of condys crystals to the
water at point X and observe what happens.
6. Make a “plan view sketch” of what happens like the
one Page 22 Coastal Studies.

What to do
1. Pace out 5 stations, 15 metres apart on the beach.
2. You are going to study long shore drift in close and
out far. Decide which partner is going to throw the
orange far and which close.
3. At a pre-arranged signal, such as a whistle, look to
your teacher. At the second signal, and it must be
emphasised pre-arranged, you cast your oranges
into the sea and the timekeeper starts the watch.
4. You then follow your oranges and any variations. If
the orange comes in, you should throw it out again.
5. After one minute the timekeeper signals and you are
to mark the position of your orange in the sand
opposite where the orange is. After two, three, four
and five minutes, record data accurately in the tables
provided.
6. Draw up a data table like the one on Page 22 of the
Book Coastal Studies and write a short report on
your results.

Activity 6 Headlands and Bays
You will need
*

a stream tray, wave paddle, some sand and water

*

to work outside

*

small blocks of wood

What to do (You will need to work outside)
Case 1: Simulated headland
(See Figure Page 26 Coastal Studies)
Case 2: Simulated boat harbour
(See Figure Page 26 Coastal Studies)

Activity 5 Long shore drift field study

Case 3: Simulated groyne

(Based on an original idea by Mary Lou Carle)

(See Figure Page 26 Coastal Studies)

The aims of this project are to:(a) discover if long shore drift is consistent in direction
and speed along a straight stretch of beach when
measured at 15 m intervals at the same time.

340 Chapter 12 Coastlines

In each case describe what happens to the wave’s shape
and what happens to the beach sand.
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The period is the time for one cycle. In waves it will be
the time between crests.

Activity 7 Wave Mathematics
*

*

*

*

number of cycles

Waves are periodic movements in the ocean’s
surface caused by wind or oceanic disturbances. A
study of waves enables us to understand how the
ocean shore is shaped.
Here are some experiments that can be done in a
ripple tank as well as some mathematics involving
waves. You can also use an overhead projector to
project the waves but a greater understanding will
be gained if you work in groups.
Time is measured by clocks. Any regular repeated
motion can be used as a clock. Early humans used
sunrise and sunset and later the sundial was used
to measure hours. Today, we use a wide variety of
clocks to measure time. The unit of time is the
second.
Units. Revise kilometres per hour. Conversion of
Km/hr. to m/sec. Why? Because we need to use
in the laboratory, units which we can physically
measure. Metres and seconds are such units.

Sample problems
*

T = time required

Convert 60 Km/hr. to m/sec. There are 1000 m in
a kilometre and 60 x 60 =3600 seconds in an hour.
To convert 60Km/hr to m/sec multiply by 1000 and
divide by 3600:-

60 x 1 km x 1000 m = 16.7 m/sec (Ans)

The frequency is the number of cycles per second. In waves, it will be the number of waves that
pass a point in a given time.
time required
Sample problems
A pendulum completes 240 cycles in 60 seconds. What
is its period and frequency?

When an object makes rapid, repeated motions, one
complete motion is called a cycle. As the wave generator made one cycle it made one wave, but how fast was
this wave travelling?
We need to know a few other things. The time required
for one cycle is called the period. It has the Symbol (T)
and its units are in seconds (s). The number of cycles
in one second is called the frequency.
Symbol is ƒ. Units are hertz, Hz
The Pendulum - see page 32 Coastal Studies for diagrams
*

A Class demonstration to explain frequency, period
and time.

*

You will need. A retort stand, clamp, bosshead, a
pendulum, a watch with a second hand

*

What to do. Swing the pendulum from B to C as
illustrated. When the pendulum has reached a
steady swing, time the number of seconds it takes
the pendulum to make 10 swings, divide by 10 and
calculate the period of the pendulum. Now calculate the frequency of the pendulum by counting the
number of cycles (swings) in 60 seconds.
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= 60 s

Period T

240
= 0.25 s
ƒ =240 c

Frequency

60 s
= 4.0 c/s
= 4.0 Hz
In the SI (System International of Units), the unit for
frequency is called the hertz (Hz) and 1 c/s = 1 Hz. From
this example it can be seen that the period and the
frequency are related by a simple equation. They are
recriprocals of one another.
T=1

3600 secs
Period and Frequency

number cycles

ƒ=

ƒ

or

ƒ=1

T

Questions
1. A surfers guitar string vibrates 750 times in 3 secs.
What is its period and frequency?
2. If a surfer counts 180 waves washing on the beach
in 1 hour, what is the time between waves in seconds?
3. Calculate the frequency and period of a surfers car
engine that makes 4800 revolutions in 1 minute.
4

Find the average speed for a trip by dividing the total
distance travelled by the total time taken. Be sure to
use the correct unit for speed.

5. Draw a distance time graph, with time plotted horizontally and distance vertically. Make the graph as
large as possible.
6. What is the speed of a Tsunami that travels 6000 km
in 8 hours?
7. How fast is cyclonic wind blowing when a branch is
clocked at travelling 5.8 metres in 2.5 seconds?
8. A wind surfer travels 25 km in .7 hr., then travels 35
km further in the next 1.5 hrs. What is the average
speed?
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(g) Calculate the wave power at any one time with the
formula: Wave Power = H2T2

Activity 8 The energy of a cyclone
You will need
*

Graph paper

*

Data from Cyclone Nancy from Coastal Studies Wet Paper Publications Page 34

What to do

(h) Is this different at different times and how fast does
the power of the wave increase?
(i) The data collected on Page 34 Coastal Studies, is
from cyclone Nancy. Use graph paper to plot the
wave heights v’s time and then the wave periods, v’s
time. Can you draw any conclusion from these two
graphs ?

Read the information section and study the graph and
wave rider parameters and answer the questions below.

Activity 9 Ripple tank waves

Wave rider parameters

You will need

Routine special analysis of wave data was performed by
a computer to obtain the following parameters.

*

ripple tank and accessories as shown in the photograph in Coastal Studies Page 31.

Energy density spectrum:- A representation of the distribution of wave energy over the component wave frequencies.

*

12 V power supply

*

rheostat

Significant wave height (Hs Hsig): The average of the
highest one third of waves in the record

*

blocks of wax

*

overhead projector (optional)

Root mean square wave height (Hrms): The root mean
square of the wave heights from the record
Maximum wave height (HMax) The highest individual
wave in the record (zero upwards crossing)
Peak energy period (TP) The wave period corresponding
to the peak of the wave density spectrum
Significant period (T sig): The average period of the
highest one third of waves in the record
Zero crossing period (Tz) The average period of all waves
in the record based on upward zero crossings
Energy density (E.D.) The value tabulated is M.O. the
area of the wave spectrum diagram

Hints on ripple tank operation
1. Try out the parts before you assemble the entire
apparatus.
2. Try out the motor and the rheostat. The motor must
run very slowly to get the
best effects when the water is added.
3. Connect the ripple tank assembly and the wave
blade so that blade will move up and down in a
regular beat. You can make fine adjustments by
using the rubber bands as shown in the diagram.

Information

4. When the motor runs well, add about 1.5 cm of water
to the tank and hold the motor so that the wave blade
touches the water and generates some waves.
Adjust the rubber bands so that you get a nice even
wave pattern.

On February 2nd 1990, Cyclone Nancy moved down the
East Australian coast. The cyclone produced very high
waves over a short time. A wave rider buoy moored
offshore at a local beach recorded the data printed on
Page 34 of Coastal Studies.

5. Now set up the whole structure with light and clamp
stands. Add some bricks to the clamp stand to keep
them steady and make your fine adjustments. The
waves can be studied best in a darkened situation or
reverse the light and project them on to the ceiling.

E.P.S. Spectral width parameter.

Questions
Look at the data over and answer the following questions:
(a) What was the highest wave recorded during the
cyclone?
(b) At what time did this wave occur ?
(c) Look at the times between waves. This is the wave
period. Do bigger waves have a longer period than
smaller waves?
(d) Do bigger waves travel faster or slower than smaller
waves ?
(e) How do waves get their energy ?
(f) Which waves have more energy ?
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What to do
1. Set up the apparatus as shown in the photograph
above.
2. Now start the wave generator and study the effects
of the waves on the screen.
3. Identify the following:(a) The trough - the dark parts of the screen
(b) The crest - the parts between the troughs
(c) The wavelength- the distance between the troughs
or crests.
4. Speed up and slow down the wave generator by
adjusting the rheostat and record the changing
wave patterns. Make general drawings of fast,
medium and slow frequencies.
Marine Studies Copyright Wet Paper 2014

5. Discuss the term frequency in terms of the number
of waves that will pass a point in a given time. See
if you can establish the frequencies for different
wave patterns.
6.

Now use blocks of wax like the ones shown in the
photograph to simulate the experiments you did in
the stream trays in Activity 1.7, on Page 26.

7. Discuss the terms diffraction, reflection and refraction.
Note: You will have to use a piece of glass to make the
water shallow at one point to study the effect of waves
passing from deep to shallow water. Ask your Physics
teacher to help you if you have any problems. Better still
invite the expert to give a guest lesson and demonstration
of the ripple tank.

Activity 10 Local coastal features

Activity 11 Research activities
Based on the work of Steve McCabe, Aquinas College
Part A. Explain the following terms, with accompanying
diagrams and or pictures using local examples where
possible.
1. Tombolo

9.

Lagoon

2. Sea arch

10.

Sea stack

3. Seif dune

11.

Sand bar

4. Barrier Islands

12.

Sea cave

5. Brachian dunes

13.

Patch reef

6. Fringing reef

14.

Groyne

7. Coastal plain

15.

Wave cut platforms

8. Patch reef

16.

Spit

You will need

Part B: Local council management.

A collection of local photographs. (Newspaper adds
showing aerial photographs are a good source, alternatively the Department of Lands or Geography Department
may have copies)

List three problems your local council has had in developing the coastal zone near your school and state some of
the ways in which these have been overcome.

What to do
Part A Use Figure 2.13 Page 42, as an example.
Make a sketch or careful tracing and mark in as many
features from the list below. Make an overhead transparency and discuss this as a class exercise.
Part B From the photographs supplied, complete similar
tracings and mark in the features you identified
List of coastal features

Part C: Which of the following came first? Of the pairs
below, one of the things came before the other. Copy the
pair and state which came first and why.
1. Spit or sand?
2. Rocks or sand?
3. Wind or waves?
4. Sea cave or sea arch?
5. Waves or beaches?
Part D. Complete the sentence.

1

Barrier Islands

2

Bay

20 Patch reef

3

Beach

21 Plateau

4

Brachian dunes

22 River

5

Cape

23 River valley

2. Waves move ___________________ the coastline.

6

Coastal plain

24 Salt marsh

3. Most waves are caused by the __________.

7

Delta

25 Sand bar

8

Estuary

26 Sand dunes

4. A sea arch is caused by a _________ wearing
through a cliff or headland.

9

Flood plain

27 Sea arch

Complete the sentences from the words in the box over
the page.
1. Shore line currents build ____________

10 Fringing reef

28 Sea cave

5. A piece of land broken away from the coastline is a
___________

11 Groyne

29 Sea stack

6. Shoreline currents move __________ the coast.

12 Headland

30 Seif dune

13 Hill

31 Spit

7. Sediment laid down by waves on a shore build
_______________.

14 Inlet

32 Springs

8. Waves can cave out a cliff face to form a __________.

15 Island

33 Tombolo

16 Lagoon

34 Valley

9. Rising sea level on continental shelves can cause
___________ _____________.

17 Lake

35 Wave cut platform

18 Mangrove swamp
19 Mountain range

10. A ____________ forms at the mouth of rivers entering the sea.
Part E. Write a sentence.
Write two sentences explaining how wind makes waves
and how wind affects wave patterns.
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Part F. True or false?
1. Sea arches are carved by waves.
2. Groynes are built to trap sand.
3. Waves follow the coastline.
4. A lagoon is a body of trapped water.
5. Waves only erode beaches.

Activity 13 Coastal Landforms
Purpose
To review some of the main features discussed so far
You will need
* The video “Coastal Landforms” by Classroom Video.
This video is available from:-Classroom Video, 81
Frenchs Forest Rd. Frenchs Forest 2089

6. Off-shore bars are built by shore currents.
7. A spit is a trapped body of sand.
8. Only inshore currents erode beaches.

*

A video player and a discussion group

9. Most waves are made by wind.

What to do

10. Almost 95% of sand is made in rivers and almost 5%
is ex-glacial.

Carefully watch the video. Now form a discussion group
and answer the questions below.

The box of words

Questions to answer

sea cave, towards, wind, beaches, sand, lagoon, spits,
stack, sand bars, patch reefs

The sand budget
1. Where does sand on tropical islands come from?
2. Where does sand on coastal beaches come from?

Activity 12 Sand analysis
Purpose
To identify the types of particles that make up sand.
You will need
*

handful of sand

*

sieves of various sizes

*

sticky tape

*

magnifying glass or
microscope with slides

What to do
Carefully sieve the sand and separate out the particles.
Now look carefully for shells, minerals and other materials.
Questions to answer
1. Look at the classification of particles below. What
types does your sand sample contain?
2. Name any one carbonate component and say where
it came from?
3. Can you see any minerals in the sample? What do
they look like?
4. Use pieces of sticky tape to collect a sample of your
sieved sample and stick it into the space below
giving them names.
Read this
Carbonate sands are made from the dead remains of
animals. They contain calcium carbonate which was
extracted from sea water by the animal when it was alive.
Non-carbonate sands are those that formed from rocks.
Quartz and feldspar are two very common non carbonate
sands..

3. What would the origin of sand be, that contained..
(a) calcium carbonate
(b) quartz
4. How much sand has reached the beach in the last
6000 years?
5. Did the sea level rise or fall during that time?
6. What moves sand along the beach?
7. Name any two structures that capture sand on a
beach.
8. What two factors determine whether a beach will
form?
9. Complete the sentences below:
(a) On a beach, the sand particles are just
............................. enough to be carried in and just
............................. enough to stay there when the
wave goes out.
(b) A wave’s energy is ............................. as it washes
up a beach.
(c) Storm waves however can .............................
sand from the beach.
Coastal landforms and management video summary

“A sand budget controls the distribution of sand on beaches.
Sources of sand are granite, shells, coral, basalt and
recycling of sandstone. Some rivers make little contribution to the sand budget while others add considerable
amounts of sand each year due to floods. The majority
of sand was produced on land, washed down to the sea
during the ice age and covered by rising sea levels. Many
estuaries have become sinks for coastal sand. Particle
size is a factor of water speed or competence. Calcium
carbonate and silica are very close in density. A beach is

These all mix together offshore as shown in Figure 2.17,
Page 45 of Coastal Studies.
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in dynamic equilibrium with its sand which is always
mobile. Small waves build the beach and large high
energy waves remove it. Sand scarps form on beaches
that are eroding. Dunes are the stores of sand and can
move. Buildings can be undercut by storm damage if built
on dunes or too close to the beach. Sand losses can be
accelerated by beach walls. Effects of dune systems and
long term recession are discussed. Most of the sand is
from another era. To do a mass balance or sand budget
we must consider what is already there, what is coming in
and what is going out. Sand can be moved in or out by
people or currents. Sand can be made by erosion or by
marine organisms. Sand can be destroyed by solution or
abrasion. There are many sources of sand.” John Davis,
1988.

Activity 15 A beach profile
Teachers note: Geoff Waterhouse (Kawana Waters High)
developed an additional activity where the absorption
rates of sand can be measured as well, by using a clear
plastic tube, a funnel and a bucket of water. This is
described in the Wet Paper Exam Questions Page 181 184 the pages of which may be obtained by sending $5
money order or cheque to Wet Paper to cover postage and
copying.
Purpose
To construct a side view - profile of a beach
You will need

Activity 14 The River of Sand Video
Purpose
To review some of the main features discussed so far.
You will need
*

The video “River of Sand” by Encyclopedia Britannia

*

A video player and a discussion group

What to do
Carefully watch the video. You may have to run it twice.
Now form a discussion group and answer the questions
below.
Questions to answer
1. Beaches are made of a variety of materials.
(a) What are the principal components of a beach?
(b) What is sand composed of?
(c) How did the sand get onto the beach?
(d) Where does the sand come from? What causes
solid rock to break down?
2. When a wave crashes up onto a beach the sand
grains move. What effect does this movement have
over a long time? Your answer should describe the
difference between summer and winter waves.
3. If sand moves on and offshore, why does it not form
in from in a river entrance? Your answer should
discuss
(a)
Waves approaching the beach at an angle (draw a diagram of the surf zone, the
beach face and the approaching waves).
(b)
Discuss what happens on the beach face
(the red marker and red dye experiments).
4. Where does the sand for a beach come from? What
causes solid rock to break down?
5. Waves breaking in the surf zone set up a number of
currents. Name two and describe how they operate.
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*

A profile stick - see Coastal Studies Book Page 55.

*

Sheet of A4 paper folded twice

*

pencil

What to do
1. Make a profile stick like the one shown above and
practice on a slope at school to record the change in
heights down a slope or bank.
2. Make up your field data sheet by folding a piece of A4
paper twice to record the drop in mm above or below
the datum.
3. Start at the top of the bank. Call this your datum
point. Now position the stick so that it becomes level.
Pull the tape down to the ground and then move it to
the stick and read off the fall.
4. Repeat this at a number of stations down the slope
so that you continue to record the fall from the datum.
5. When you get to the swash zone (that’s the area
where water runs up the beach) measure it.
6. Back in class or at home, draw up a data table like the
one opposite and recalculate all your measurements so that you can see how far each station is
below the datum point. Now plot a profile of the
beach slope on some graph paper.
Questions
1. Is there any evidence of beach erosion? How can you
tell?
2. How wide was the swash zone? How will this change
over time?
3. Make a prediction of how this profile will change over
the year. What part of the profile is missing?
4. Work out the profile angle and compare it with others
in your class. Are all the same?
Note for this Activity
Practice at school first on a grass slope. Use a piece of A4
paper folded twice to make a small A5 notebook. Use a
pencil and just record the falls in the slope. When you get
back inside transfer this data to a data table like the one
shown Page 55 Coastal Studies. You may like to make a
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longtime study of your local beach over a year. If so the
profile angles will change from the storm season to calmer
conditions. Some profiles are shown in the Figures 2.36
and 2.38 Pages 57 - 60 Coastal Studies

Activity 16 The Great Dune Show
Aim
To become aware of the importance of the dune system
You will need
The Video, The Great Dune Show, Produced by the South
Australian Film Co-orporation and available through most
Beach Protection Authorities for loan.
Questions to answer (Optional)

STOP PRESS
Greenpeace - Adopt a beach campaign
Get involved now and write for the
kit- Greenpeace Australia PO Box 51
Balmain, NSW 2041
Phone (02) 555
7044, Fax (02) 555 7154
Over 200 Teams have now formed in
Australia with over 110,000 items
collected for computer analysis.
We must reduce the marine debris and
we must set an example by picking up
debris every time we go to the beach.

3. What is an advancing dune?

If adults and teachers pick up debris
others eventually will follow by
example and if we act locally we can
do something positive.

4. What can a dune doctor do to save a dune?

Australian Surfrider Foundation

1. List three factors that make a sick dune.
2. List three ways to stop a dune from becoming sick.

Activity 17 Indurated sandstone
*

Sometimes sand can be squashed together to form
indurated sandstone. This sand comes from carbonate and non carbonate sands that once supported land based animals and plants.

*

When these died, they formed the black parts whose
ever increasing layers compressed the mixture together. Chemicals leaching out of the dead remains
may also have added to the” cementing” process.

*

Peat is formed from organic matter being squeezed
together by later deposits laid over them. It is found
in the sand because some areas off the coast were
once swamps and later a number of beaches
existed with distinct beach faces.

*

On a larger scale sand distribution can be affected
by the shape of the continental shelf. A wide
continental shelf fed by long flowing rivers will produce different sand than a narrow continental shelf.
Islands in the Pacific will also have different sand
than continental islands such as Australia.

Also is
coastal
details
Mermaid

vitally concerned with the
zone. Write for membership
to The Secretary, PO Box 444
Beach 4218

Activity 18 Your local beach
1. What wind direction causes offshore conditions?
Onshore conditions?
2. What is the predominant wind direction at your
beach?
Wet Paper

3. Does the direction change from summer to winter?
If so why?
4. What effect does a low pressure system have on the
wave conditions?
5. How big can waves get on your local beach? What
conditions can cause these waves?
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Coastal Studies is available from www.wetpaper.com.au
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Process skills

Content
●

The composition of seawater

●

●

Basic chemical and physical properties of sea water and some tests
used to determine its quality.

Interpret data concerning the quality and
composition of seawater

●

Recognise the potential for pollution of
the coastal zone

●

Predict the effects of pollution by currents, winds and waves discussing the
methods used to combat them

●

Research examples of water pollution in
the local marine environment and present
the results in a report

●

Gather data on pollution from laboratory
tests and present these in either graphical or tabular form.

●

Interpret data in terms of the environmental tolerance of marine organisms

●

Examine the processes involved in environmental decision making

●

Some factors that can cause sea
water pollution and some legislation intended to prevent that pollution

Topics

The composition of seawater
Making seawater
Establishing a test for seawater
Water pollution and its measurement
What is water pollution
How is water pollution measured
Water quality tests
Research projects

Skills
●

Analyse a sample of sea water using a
variety of methods

●

Use field equipment to measure and
record data on major coastal processes

●

Use various devices for collecting and
examining sea water
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Attitudes
●

An awareness of the value of clean water
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The composition of sea water
Iceberg (water)
less dense

Sea water is possibly the most unique naturally occurring
substance we known. It accounts for over 85% of the mass of
marine organisms and is the medium in which the chemical
reactions that support life in the sea take place. It provides
support in the form of buoyancy for some of the organisms that
live in the sea. Water is the only substance on the earth’s surface
that can exist naturally in all three states as a solid, liquid and gas.

Seawater
(more dense)

Water is less dense in it’s solid form than it’s liquid form and so
it forms icebergs which float in Arctic and Antarctica waters.
Figure 1 shows the major elements found in seawater.

96.5% Pure Water
108 000 ppm
hydrogen
857 000 ppm
oxygen

Magnesium
1 350
Sulphate 885

Chlorine
19 000
ppm

Sodium
10 500
ppm
Calcium
400
Potassium
360

Bromine
65 ppm

Carbon 28
ppm
Strontium 8

Silica 3

Fluorine 1

Boron 4.6

Nitrogen 0.5
ppm
Lithium 0.17
Rubidium 0.12
Phosphorus 0.07
Iodine
0.06

Iron Zinc
0.01 0.01

Others

After Ross (1982)

67% Sodium chloride (NaCl)
14.6% Magnesium chloride (MgCl2)
3.5 grams of
solid salts

11.6% Sodium sulphate (Na 2SO4 )
2.2% Potassium chloride (KCl)

100 grams
of
seawater

96.5 grams
of water

3.5% Calcium chloride (CaCl 2 )
1.1% Miscellaneous
After Oxenhorn and Goldfield (1975)

Fig 1 Two ways to look at the composition of seawater
Wet Paper
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The first activity will give
you a chance to measure
out 35 grams of salt. This
can be expressed as 35 g/
L-1 or 35 ppm.

If we wish to talk about
pollution - we have to be able
to express our opinions on
the basis of a sound
understanding of the
concentration of substances
that are suspected of polluting
our seas.
PPM
is the number of parts per
million.
g/L
is grams per Litre and a
measure of pollution.

Technique - note for instructors
To make 200 mLs of a 7
g/L solution, add 20 mLs
of distilled water to a
graduated cylinder (see
over), top up to 100 mLs
by reading the meniscus,
pouring this 100 mls into
a 200 mL beaker, and
then refilling the graduated cylinder with 100
mLs distilled water to dissolve the rest of the salt.

Sea water has about 32 g of salt per litre of water. This is called the
salinity of seawater. The salt dissolved in the water is called the
solute. The grams per litre is called its concentration and is
expressed as 32 g/L. Sometimes it is expressed in parts per million
as shown in Figure 1. The water that you add to the salt is called the
solvent (that’s the material the solute dissolves in). Together the
solute and the solvent is called the solution. So if you had some salt
from the supermarket and added it to water from the tap in a saucepan,
you would have a salt water solution. This would not necessarily be
the same as seawater which contains other dissolved substances.
There is much debate about pollution of our seas. It is extremely
important to understand what the term concentration and parts per
million means when discussing pollution. World Health Authorities
(WHO) talk about acceptable levels of pollution in terms of the
number of parts per million or ppm.
The salts dissolved in water in the sea have a concentration of 32,000
ppm or 32 grams per litre, expressed as 32 g/L or 32 g/L-1. The first
experiment in this chapter looks at understanding this idea of dissolving
and concentration.

Making Sea Water
Aims
The aim is to make a simulated salt water solution so you can
understand the terms salinity, solute, solvent and concentration.
Your class is divided into groups, with each group having the
responsibility of making up a sea water solution of a certain
concentration.
Discussion
Suppose your group is going to make up 200 mLs of 35 g/L (35,000
ppm) concentrated 35g/L solution. How much salt should you weigh
out?
e.g. if 35g of salt make up a 1000 mL solution, then 7 grams of salt
make up a 200 mL solution Each group now needs to calculate the
required amounts in column 3 as shown in the table P 354. Copy this
table and complete it to test your understanding.

35 g of salt are to be dissolved in 1000 mLs of water from the tap
multiply

Simple proportion can be
worked out by cross-multiplying if you have difficulty
with proportion calculations.
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? = 35 x 200 g
1000
? = 7 grams

Wet Paper

?? g of salt do I need for a 200 mL solution in my beaker?
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Using a Cent-o-gram Balance to weigh a dry piece of filter paper
★ Locate the parts 1 - 6 on the diagram below:★ Check to see if your balance pan number is the same as the balance number.
★ Carefully zero the balance using the zero adjustment screw (you may have to add
some sand to the pan or move the 0.1 poise to balance at the fulcrum).
★ Weigh a dry piece of filter paper first in order to see if you can use the balance weights
carefully (your teacher will show you how to take care of the balance weights - poises)
★ Record this weight in your notebook
★ Now use the spatula and salt
supplied to weigh out the
amount of salt needed for your
group.

3
3
3
Zero
adjustment
screw

5
Balance weights
(poises)

4
4
Fulcrum

6
6
6
Balance
point

0-200 g
0-100 g
0-10 g
0-1 g

2

Balance
pan

Filter
paper

1
1

Carry arm

Wet Paper

After the balance is zeroed, and the filter paper has been
weighed, preset the balance for the desired weight and add
salt gently till the balance comes back to zero.

Fig 2 Parts of a laboratory balance and some hints on how to use it
Marine Studies Copyright Wet Paper 2014
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2

3
3
3

Parts per million

4
4

A concentration of 7 grams per 200 mL or 35 grams per litre or
35 parts per thousand is 35 000 parts per million This is the
fundamental measurement of pollution levels and is simply the
number of grams. Now divide into groups and complete the
experiment.

Sample Weight of salt Weight of salt Concentration
(g/L)
(g/200mL)
5 000 ppm

1

5

2

10

3

15

15 000 ppm

4

20

20 000 ppm
25 000 ppm

6

30

7

35

8

35 000 ppm
40 000 ppm

Wet Paper

5

Equipment required
• Triple beam balance or equivalent
• Some salt from the grocery store
• A piece of filter paper
• Spoon or spatula
• Plastic cling wrap
• 100 mL measuring cylinder
• 250 mL beaker

Wet Paper

Group 1

Fig 3 Triple beam balance, spatula, filter
paper, reagent bottles and 250 ml beaker

Group 2

Group 3

Group 4

5 g/L

10 g/L

15 g/L

20 g/L

5 000 ppm

10 000 ppm

15 000 ppm

20 000 ppm

Group 6

Group 7

Group 8

Group 5
25 g/L

30 g/L

35 g/L

40 g/L

25 000 ppm

30 000 ppm

35 000 ppm

40 000 ppm

Wet Paper

Method
Calculate the quality of salt your group requires to make up a 200
mL solution and write it down in your notebook. After you
weigh the salt and the filter paper you have to dissolve it in water.
1. Measure out 50 mLs of water in a measuring cylinder making
sure the bottom of the meniscus is on the 50 mL mark
2. Now carefully add the salt to measuring cylinder, swirl the
cylinder and top up to the 100 mL mark.
3. Pour this solution into the 250 mL beaker supplied and refill
the 100 mL measuring cylinder, making sure you dissolve all
the salt. Pour this into the beaker.
4. Label your beaker carefully, cover it with plastic wrap and put
it aside for the experiment on salinity of seawater.

Fig 4 Using a measuring cylinder to mix
water (solvent) and salt (solute)
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1
1

Establishing a test for salinity
A titration

Wet Paper

The method of determining the concentration of a solution is called
titration. Having made a salt solution of known concentration, we
are going to test it to see if we can work out how much salt we started
with. We use a chemical solution called silver nitrate and an
indicator solution called potassium dichromate.

Fig 5 A 100 mL beaker - used with an eye
dropper to establish a test for salinity

96.5% Pure Water
108 000 ppm
hydrogen
857 000 ppm
oxygen

Magnesium
1 350
Sulphate 885

Chlorine
19 000
ppm

Sodium
10 500
ppm
Calcium
400
Potassium
360

Wet Paper

For example, if another group made up a 10 g/L solution, let's see
how accurate they were in using their balance and mixing their
solutions. If they were any good we should find out that their
solution contains exactly 10.0 g/L, however as students we are still
learning techniques and errors occur due to spillage, technique or
the accuracy of the equipment we are using. These experimental
errors, will prevent us from obtaining exact results and are caused
by the in-expensive simple equipment we are using. The technique
is called an eye drop titration where you count the number of drops
to determine the number of grams of chloride in the salt - sodium
chloride.
The technique of this titration is to determine accurately, by the
addition of silver nitrate and potassium dichromate to the sodium
chloride solution, the exact point at which all the chloride is used up.
This point is called the end point.
Now the silver in the silver nitrate reacts with the chloride in sodium
chloride before it will react with chromate in the potassium
dichromate. While this is happening silver chloride is being made
and the solution will stay milky. You will notice that soon, small red
spots will appear as the silver nitrate drops hit the milky solution.
Start swirling the solution now so that the red part turns back to
milky.
When one drop causes the solution to stay red, the end point is
reached and the silver now starts to react with the chromate to form
silver chromate. The number of drops, should approximately equal
the number of grams per litre. So a group making up a 10 g/L
solution, between 7 and 13 drops should be required to reach end
point.
Before end point

While the drops are
going in

Ag

+

+ Cl

-

Silver Chloride

AgCl

2 Ag

+

+ CrO

-

2

Silver Chromate

Ag CrO
2

A

+

Silver (Ag )

Milky yellow
At the end point

At and after end point

4

Deep red brown

+

Chloride (Cl- )

=

Milky yellow

+

Silver (Ag )

+

B

Chromate (CrO4 )

=

Deep red

Wet Paper
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Collect 20 drops of
the prepared
seawater sample of
known concentration

Equipment
• l50 mLs of a Silver Nitrate solution made from 100 mLs
distilled water and 4.97 g Silver Nitrate.
• Salt water samples
• Small Beaker
• Potassium Di-chromate indicator solution
Method
1. Collect a sample of sea water with the known concentration
and add 20 drops to a 50 mL beaker.
2. Now add 3 drops of potassium di-chromate indicator so as to
just turn the sea water yellow.

Add 20 drops
seawater sample to a
clean 50 mL beaker
Dropper

Dropper
Add 3 drops
potassium
di-chromate indicator
solution

Beaker

Beaker
Potassium
di-chromate
indicator

Warning Silver nitrate
will stain your clothes
and hands if spilt

Silver nitrate
reagent

Add silver nitrate
drop by drop till end
point reached

Fig 6 The eye drop titration

3. Now add the silver nitrate solution, drop by drop until
the yellow solution becomes very milky and stop
when the red brown starts to appear where the drops
hit the water. The end point is very close. By swirling
the beaker and carefully adding drops until one turns
the solution permanently red . You will have to add
about 30 - 40 drops which largely depend on the type
of dropper you have.
4. Record the number of drops on your note pad.
5. Repeat this four times and summarise your data on the
blackboard for the rest of the class. Then average out
the drops for your groups concentration and record
this on the board as well.
6. Have one class member draw a graph of the grouped
data for the averages over the entire range.
7. Make a copy of this on a clean sheet of graph paper
labelling this as you field calibration graph.
Remember that inconsistencies occur as a result of
experimental errors.

Wet Paper
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No of drops of Silver nitrate

40

Salinity calibration curve from class data
Date

.

35
30
25
20
15
10
5

.
5

.
10

.
15

.

.

20

25

.

.

30

35

40

g / litre

Fig 7 Calibration graph and equipment for the eye drop titration
Wet Paper

For more accurate determinations, on site calibration should be
done making up a number of known samples with distilled water
and determining calibration points at the environmental
temperature. A burette can also be used to give accurate drops

Paste your graph on some
stiff cardboard and cover it
with plastic contact. This will
serve as a calibration curve
for future experiments. If you
use the same eye droppers,
bottles and methods, experimental errors can be kept to
a minimum.

The salinity test
Now collect samples of water from an open beach and samples
from a place some distance up river so that the salinities can be
compared and determined using your new calibration curve.
• Use the same technique as described above to obtain an end
point.
• Record the number of drops you used and read off the salinity
from your calibration curve.
Research projects

Wet Paper

Using the sampling methods described over, you may like to
investigate a local estuary using the boating, navigating and
radio skills you have learnt in Chapters 1-7.
Here are some working statements for you to investigate.
• Salinity increases with depth.
• Salinity increases as you go towards the sea from the beach.
• The water is saltier nearest the shoreline at low tide.
• Pools in the crest of a reef pool are saltier than pools near the
beach.
• The water one metre below the surface of the sea is saltier than
at the surface.
• Water under a bommie is saltier than at the sea surface.
• As water evaporates from a pool, the salinity increases
• The salt on trees close to the edge of the sea is greater than 100
metres inland.
Make sure you record the environmental temperature, sample
site and water depth.

Fig 8 A burette can be used to obtain
more accurate results

Marine Studies Copyright Wet Paper 2014

Chapter 13 Seawater quality and pollution 357

Water pollution and its measurement
Before looking at water pollution we must understand what water
actually is, what makes it polluted and in what concentration.

Water molecule H O
2

Oxygen
Hydrogen
Hydrogen

Fig 8 A water molecule
Wet Paper

Water with 1 ppm of one substance may be quite safe whereas 1 ppm
of another substance might be highly toxic. This is why it is very
important to talk concentrations when talking pollution. It is the
ability of water to dissolve most substances that is the contributing
factor to pollution. For a long time, we thought that just because
it disappeared, the problem went away and the effect on the
environment was minimal or non existent.
But first let's have a look at water.

Intermolecular
spaces provide
the environment
for dissolving to
take place

Pure water (H20)
Water as it evaporates from the sea surface is almost pure. Each
molecule will contain three atoms. Two are Hydrogen, the other
Oxygen. The combination of the elements Hydrogen (H2) and
Oxygen (0) make the water molecule, (H20).
Why is this important?

Fig 9 Water molecules
Wet Paper

Sodium
atom

Chlorine
atom

Fig 10 A salt molecule
Wet Paper

Na +

This chapter is about sea water quality and pollution. Of all the big
issues facing us in the 21 st century, water quality will rank high. As
our population grows so does our ability to pollute our seas.
H Later when we consider pollution and sewage, the tertiary
treatment of human waste and industrial waste involves an
understanding of nitrogen and phosphate ions.
H Some pollution of estuaries involves the addition of large quantities
of substances containing nitrogen and phosphorus substances,
causing algal blooms or red tides. This algae thrives on the
nitrogen containing substances. The increase in algae means a
decrease in oxygen for fish and hence a fish kill situation and
public outrage. Some blue green algae in the Hawskbury River
systems of NSW are an extreme danger to children, and in 1991
was a major problem in the Murray Darling River systems.
H Runoff of other chemicals can cause increases in bacterial
populations and death of corals in reef ecosystems.
To understand some aspects of pollution it is necessary to see what
happens when dissolving takes place. A good example is when salt
dissolves in water
Pure water (H20) and salt NaCl

Cl -

Salt contains the elements of sodium and chlorine. Salt is therefore
an inorganic material. Pure salt crystals are a combination of salt
molecules held by ionic bonds as shown in Figure 11.

Fig 11 A salt crystal
Wet Paper
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Inorganic matter is more likely to dissolve than organic matter.
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Dissolving
1
1 Chlorine

What is dissolving, and why is water such an excellent solvent? Water
is composed of hydrogen and oxygen atoms. Salt has sodium and
chlorine atoms in a 1:1 ratio. The chlorine is bigger because it
contains more protons and electrons. To help you understand what
dissolving involves we use an operational definition i.e. one that
you put into your own words, would go something like this.

Sodium
Water

"..The salt molecules break apart...they form positive atoms called
ions...

H O
2

Na +

2

these ions are called sodium and chlorine....

Cl -

they fill up the spaces between the water molecules....

Dissolving

because the lattice breaks down completely, you can’t see the salt any
more

Na +

but actually it’s still there...

3 H O
3
2
3

Cl Na +
Cl -

only as individual ions. "

Na +

Na +

When these atoms break apart and separate, they carry with them
electrical charges. These are called ions and the process of breaking
apart is called ionization.

Mixture of
sodium ions,
chlorine ions
and water
molecules

H O
2

Cl -

H O
2

Examples of ions would be - Na+,
Na +

Cl-

To summarise ionization we would write:
NaCl —> Na+ + Cl-

Fig 12 Salt dissolving
Wet Paper

Where does this dissolving
take place?
99.99% pure
water

Chemicals
dissolve

Clouds

Seawater

Na +
Na +

Pollutants
from
land

Cl Na +
Cl -

H O
2

Cl -

H O
2

Na +

Fig 13 What happens on the coastal plain will determine
the quality and composition of sea water

Rivers cross the coastal plain of every part of
Australia. Since 1788, European settlement has
developed and changed this zone more so than ever
before.
The ecology and chemistry of the sea has been
altered significantly and whatever is produced on
land usually ends up in the sea.
Generally speaking, we rarely see the end result of
what happens to wastes that we put into our sewage
and storm water systems and water being such a
great solvent tends to dilute much of this waste.
Later in this book we will discuss sustainable growth
and sustainable development. We cannot ever hope
to discuss this unless we understand the very basis of
ecology; and that's the chemicals, their concentration
and the effects this has on the cycles in the sea.

Wet Paper
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What is water pollution?

Acknowledgement. The author
wishes to acknowledge the
cooperation of Bill Stapp, in
permitting the reproduction of the
weighted curve charts in this
chapter and urges that the data
collected be fed into the computer
data GREEN project (Global
Rivers Environmental Education
Network), information is
appendixed.

•

If you find that the water is
polluted don't go rushing off to
the newspapers or TV channels
because you may be wrong and
legal liability and very bad PR
can result from incorrect
information going to press.
There are hundreds of
examples of where an issue is
sensationalised due to
distortion of facts for sales or
promotion of product. Local
councils are the responsible
authority so discuss your results
with them first. Confrontation is
no way to solve our problems.
Logical debate with public
participation in management
issues makes progress, as we
shall see in later chapters.

Pollution can be defined as anything that humans introduce into
the environment which has a deleterious effect on the natural
cycles in nature. Pollution has been identified by scientists for
many years but it was not until the late 1980's, that two researches
in America came to the conclusion that if we studied nine aspects
of water quality systematically, some estimate of water quality
could be made of water pollution. These nine aspects are:
1. Dissolved oxygen (D.O)
2. Faecal coliform.
3. pH.
4. Biochemical Oxygen demand
5. Temperature
6. Total phosphorus
7. Nitrates.
8. Turbidity.
9. Total solids
The researches were Mitchell and Stapp (1988) and their book
- Field Manual for Water Quality Monitoring gives much of the
history behind the techniques about to be described.
Marine Studies begins at the mountains where salt was first
added to water in the birth of our planet. Natural materials such
as trees, plants, soil, rocks are "added" to rivers and end up in the
sea. Floods from centuries ago can be recorded in coral growth
patterns by looking at sediments that have been trapped in their
calcium carbonate skeletons. It is only in recent times that
chemicals which have the potential to pollute our seas have been
added to the river system.
A study of the river system or watershed as it is now called,
gives an insight into the effect human activities are having on the
coastal zone and surrounding water. The effects on the oceans
in general are unknown.
What is legal?
As a result of the best research evidence available to them at the
time, Government Department Officers advise the Government
of the day, the concentrations of chemicals which can legally be
allowed to enter a river or sea system.
These figures can only be as good as the research evidence that
is available, which in turn is dependent on Government spending
on research.
It can immediately be seen that here is one fundamental flaw in
our democratic system, where ignorance and attitude can lead to
environmental disasters. It is easy however to take a "doom and
gloom" approach to environmental issues and this has been
characterised by much educational writing in the past.
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The approach taken here is one that presents the facts and then
works to obtain the best possible solution to the problem at the
time.

For further information on the wastes that
our society produces, you should read
Tim Ryan's(1990) book on Pollution issues in marine conservation, Chapters 2
and 3.

Licence
requirement

Non filterable residue (NFR)

< 20 mg/L

Biological oxygen demand BOD

< 15 mg/L

Chemical oxygen demand (COD)

- mg/L

So what is legal? Let's take a sewage system discharge situation
as an example. Sewage is everything that passes through drains
and pipes that are connected to a sewage system. After the
sewage is treated, it is called sewage effluent.

Ammonia/nitrogen NH - N

< 5 mg/L

Nitrite/Nitrogen NO2 - N

- mg/L

Nitrate/Nitrogen NO3 - N

- mg/L

Total Nitrogen

< 10 mg/L

pH

6.5 - 8.5

Dissolved oxygen

>2 mg/L

Faecal coliforms

< 200 /100mL

Alkalinity

- mg/L

4

Phosphate/Phosphorus PO4- P

- mg/L

Free chlorine

- mg/L

Non filterable residue (NFR)

< 20

Non filterable residue (NFR)

< 20

Fig 13 A example of criteria set by one
particular Government for a sewage treatment
plant with secondary treatment located at a
certain place at a certain time
Wet Paper

Land

This effluent has to meet certain standards set by the Government
of the day and each sewage treatment plant has different criteria
set. A set of figures for a secondary treatment plant, located
near the sea, and discharging into a tidal race at the mouth of a
river that has been modified by a series of harbour walls, is
given in Figure 13. This is for a plant that discharges into the
sea at say point B in Figure 14.
Officers from a State Government Department will monitor the
treatment plant at point B and prepare reports on how successful
the plant was at meeting the licence requirements. Sewage can
be treated to a primary, secondary or tertiary stage. The licence
requirements are set according to this stage as well as the type
of environment to which the effluent discharges. A highly
efficient treatment plant will remove very high percentages of
chemicals which have the potential to cause pollution. Some
sample figures for an efficient plant could be:Test criteria

Licence
requirement

Secondary
effluent

Non filterable residue (NFR)

< 20 mg/L

5.6 mg/L

Biological oxygen demand BOD

< 15 mg/L

4.3 mg/L

Faecal coliforms

<200/100mL

81/100mL

< 5 mg/L

.9 mg/L

Ammonia/nitrogen NH - N
4

A

D

How is water pollution measured?

Offshore
island

B

Effluent
discharged
point

Effluent
dispersal
C

Sea

Wet Paper

Watershed

Wet Paper

Test criteria

One attitude that is extremely important in the next decade, is
that we as a community must face up to local issues and solve
problems together. Confrontation and demonstration is not the
solution for the nineties - co-operation and problem solving is.

Fig 14 A example of a watershed and siting of
a sewage treatment plant.
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To measure the effects we need to examine the watershed as a
whole. Samples need to be taken from various parts of the river
system and data collected about the nature of the system so that
a full picture can develop. Maps and charts of the system need
to be drawn so that an analysis of currents, water salinities, wind
patterns, geographical features both on the surface and under can
be identified. Waters with low tidal flow locked in by islands
(such as in position D Figure 14), may be potential sources for
pollution whereas river estuaries with fast flowing currents with
high wave action will show little evidence.
Chapter 13 Seawater quality and pollution 361

But look down the coastline where the waters slow down, and the
evidence of pollution may be found. To measure offshore
pollution ocean currents need to be measured requiring ocean
going vessels with sophisticated current measuring devices.

Sampling methods
The simplest way to collect water is with a pole with a bottle
attached. In many cases 200 mLs of water sample will be all that
is required.

Wet Paper

Water samples can be collected from offshore by boat but only
if you have mastered all of the necessary skills from Chapters 1
- 6.
• Before you begin revise Chapter 3
• To get out and anchor, revise Chapters 1, 2 and 4.
• To radio your data back revise Chapter 8.
• To plot your sample sites, revise Chapter 6 and 7.

Fig 15 Collecting water samples. Note that
for oxygen analysis it is important that no
oxygen be introduced into the sample

Once you have completed this revision, you can use your boats
as research vessels to fine tune your skills but more importantly,
collect water from a variety of depths.
If you are sampling and then testing for oxygen, you have to be
very careful not to introduce oxygen into your sample.
Some sampling suggestions are detailed below, however, don't
be constrained by these and try to invent some of your own.
Bathymetric surveying

From the start it must be
stressed that the quality of
your results will be determined by the quality of your
sampling methods. The
danger in just taking one
sample with a quick sloppy
method is obvious. Taking
many samples is called
composite sampling and
the results are averaged.

The basis requirement for an estuarine study is an adequate
chart.
These charts should be used with care for research
purposes, however, because their quality is usually in direct
relation to the importance of local shipping, if your study area is
not a busy port, the charts will often be out-of date. Also, silting
can be quite rapid in estuaries, and this too may invalidate the
available charts.
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Fig 16 One school hired a set of BB pontoon
boats for their experiments through their P and
C. (Photo Ann Summers)
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ter

Chimney

Hill

Use your navigation skills to fix position, and your boating skills
to determine depth. The simplest way to operate the survey is to
run your boat at a slow constant speed on predetermined lines
evenly spaced within the estuary. As a general rule in small-boat
surveys, it is wise to run as slowly as possible. Your initial
survey lines should be plotted on your chart using the skills you
have learnt in the chapters on Navigation and Chartwork.. A
hypothetical survey is illustrated in Fig 17. At regular time
intervals (perhaps 30 seconds if you are using an echo sounder,
longer if you are using a sounding lead), the depth should be
measured and recorded. If you are sounding with a lead, practice
a good bit before you attempt to run your survey lines. In this
technique a 1 or 2 kg weight is tied to the end of a line graduated
at appropriate intervals (1-metre spacing is adequate). As the
boat proceeds along its track, the leadsman heaves the lead
underhand ahead of the boat, pulls the line taut, and reads it as
it comes vertical; he then recovers the line and coils it for the next
cast.

a
Breakw

Lighthouse
Jetty

Church
Conspicuous
tree

Sea

Fig 17 Bathymetric plot. Use the skills you
have learnt in the Chapters on Navigation
and Chartwork.
Wet Paper

Coloured cotton or line

x
x

x

x

x

Lead weight

x

Fig 18 Parts of a lead line
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Back at the laboratory, the soundings' tracks should be transferred
to an enlarged version of your base map. When all the tracks
have been marked, transfer in your soundings (corrected for tidal
height as necessary). Once all soundings have been recorded,
the map should be contoured at an appropriate interval and then
reduced to a convenient size for field use.
Water sampling

x
x
x
x

Fig 19 Water collection using the "wine bottle
sampler". Based on original ideas by Marsh
and Tulip 1978.
Wet Paper
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The principle of the water collecting device is that you should be
able to collect a water sample from any depth. At your sampling
site, water samples are taken from a number of depths by setting
the water collecting bottle and lowering it carefully over the side
of the boat. The stopper knots are let through your hands, and
when you are at your depth, the cork is pulled and the observer
watches for bubbles to rise. When no more bubbles can be seen,
the bottle is pulled on board and the sample taken. (After Marsh
and Tulip). If you can't use a boat try to sample from the middle
of a bridge or the end of a jetty. Samples taken from the shore
are often very unrepresentative and bias can creep into your
sample.
If you intend comparing data and drawing conclusions, systematic
sampling methods should be used. Take many samples from the
same place many times to make sure you are right.
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Water quality

Wet Paper

World health authority categories used for making recommendations
on water uses are the following:1. Water supply for domestic and industrial use.
2. Recreation for total body contact like swimming, water skiing,
skin diving, wind surfing or surfing.
3. Partial body contact like fishing and boating.
4. Protection of organisms like fish, wildlife and other aquatic life.
5. Agricultural uses like livestock watering, irrigation and spraying.
6. Commercial uses like navigation, hydroelectric and steam
generated power or cooling.

Fig 20 Using the "wine sampler" on
board your boat.

The bottom line is that water is classified and signposted according
to the categories above. We are going to have to get used to using
grey water. This is recycled water from washing machines, sewage
treatment plants or dams.

Water quality tests and pollution
The techniques described here are from Mitchell and Stapp (1990
with modifications by Bullocks 1991 )

"The attitude that we
must use 100% clean
water for everything
need to change"

Variable

Results
(Column A)

1. Dissolved oxygen

130%

2. Faecal coliform

colonies
130/100ml

3. pH
4. B.O.D.

41

0.16

6.56

8.8 units

58

0.11

6.38

6.5 p.p.m.

48

0.11

4.28

0

5. Temperature

+0.5

C

90

0.10

9.00

6. Total Phosphorous

0.3 mg/l

82

0.10

8.20

7. Nitrates

0.62 mg/l

98

0.10

9.80

8. Turbidity

90 cm

30

0.08

2.40

42

0.07

2.94

9. Total solids (-salinity) 430 mg/l

Overall water quality index

65.03

Wet Paper

Some would argue that

Once you have water samples you can now test them for water
quality. Water is measured in terms of a water quality index or WQI
based on the results of 9 tests. These tests are dissolved oxygen,
faecal coliform, pH, biochemical oxygen demand (5 day), temperature,
total phosphorus, nitrates, turbidity and total solids. After completing
the nine tests, the results are recorded and transferred to a weighted
curve chart to obtain a numerical value. This value is called a Q value
for each test and is multiplied by a weighted value for each test
according to its importance. Dissolved
oxygen has a high value because it is
Column B
Factor
Column D
important. The nine values are added
(Column C)
together to give an overall value (WQI) 91
0.17
15.47
see Figure 21.
The overall water quality index is expressed
as a value out of 100 and in the USA most
state water quality ratings of 50-58 are
acceptable levels for general use. WQI
values and their significance are
summarised below:
• 90 - 100
excellent
• 70 - 90 good
• 50 - 70 medium
• 25 - 50 bad
• 0 - 25 very bad

Fig 21 Water quality measurement table After Mitchell and Stapp
1988. (Reproduced with permission)
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Immediately it should be recognised that a body of water may have a high
faecal coliform (human bacteria) count and still come up with a 70 WQI. The
results of individual tests should be considered independently as well as a
whole when making decisions about the use of the water.
The chemical kits used to determine some of the Q values are manufactured
by the HACH (pronounced haark) company and called HACH kits. Here are
some safety suggestions to consider:• You should examine each of the chemicals used in these kits consulting
your state safety manual as to their dangers. Refer also to the label.
• Safety goggles must be warn when using or shaking chemicals in bottles.
It can be windy in the field or you can be bumped by accident and any splash
in the eye could leave you with a serious injury.
• Wash your hands before and after all experiments.
• If possible work on a flat surface - a board or table to avoid spillage.
• Take a slop bottle with you to put all used chemicals in after use. It's no
good studying pollution and then polluting the environment yourself. Take
the slop bottle back to the lab and dispose of the chemicals as determined
by your State safety manual. If in doubt ring your regional office or local
city council for advice on how to dispose of chemicals.
Now you are going to complete nine tests to determine water quality, so draw
up, or copy, a data table like the one shown in Figure 22 and read through the
nine tests before starting.

Results
(Column A)

1. Dissolved oxygen
2. Faecal coliform

Column B

Factor
(Column C)

%

0.17

colonies
/100ml

0.16

3. pH

units

0.11

4. B.O.D.

p.p.m.

0.11

5. Temperature

0

C

0.10

6. Total Phosphorous

mg/l

0.10

7. Nitrates

mg/l

0.10

8. Turbidity

cm

0.08

9. Total solids (-salinity)

mg/l

0.07

Column D

Overall water quality index
After Mitchell and Stapp 1988

Fig 22 Water quality data table (After Mitchell and Stapp 1988)
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Variable

The kits described here is the HACH Dissolved Oxygen Kit and
is available from your local Selby Scientific Agent. Addresses
are appendixed.

1. Dissolved oxygen (D.O.)
The major gases dissolved in sea water are nitrogen, oxygen and
carbon dioxide. Gases can dissolve in water from the atmosphere.
How well these gases dissolve depends on three factors:
1. The temperature of the seawater and the solution
2. Depth of the water
3. The salinity of the solution

See also page 540 in the Chapter on Aquaculture which discusses seawater, oxygen and
temperature

Oxygen concentration varies with depth and in surface waters it
is related to temperature of the water.
As water temperature increases, solubility of oxygen decreases.
Waves mix oxygen with sea water as does water rushing over
rocks in mountain streams. Water rich in oxygen creates an
environment which has a distinctive odour. e.g. sea or mountain
air has a different smell than air of an inner city street.
Plants are also responsible for providing much of the world's
oxygen by photosynthesis. During sunny periods the green
chlorophyll in microscopic floating sea plants, called
phytoplankton, combines the carbon dioxide produced by the
animals of the sea with their body water to produce oxygen and
sugar. The sun's energy is trapped in the body sugar and provides
food for the other animals in the sea. Photosynthesis takes place
from dawn to dusk, and during the night the cycle is reversed and
it is used up. It follows therefore that the greatest levels of
dissolved oxygen should be found in the afternoon and the lowest
sometime before dawn.
Dissolved oxygen is an essential element for the maintenance of
estuaries because most aquatic plants and animals need oxygen to
survive. In the ocean depths where dissolved oxygen is very low,
animals and bacteria have evolved to function on very low levels.
Environments with high levels of dissolved oxygen are usually
able to sustain as high species diversity.

Respiration (Plants and
animals - occurs throughout
the ocean

Photosynthesis - occurs in plants
and in the upper layers of the
oceans

organic matter (CH O) + O
2
2
CO2 + H 2O

CO + H O + nutrients + solar energy
2
2
organic matter (CH2O) + O2

Wet Paper

Wet Paper

O2

Fig 23 Oxygen dissolves in water in a number of different ways
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Dissolved oxygen (ml/L)
Surface

0

2

4

6

8

10

Surface water
500

Depth (m)

Thermocline
1000

1500

2000

Deep water

2500

Fig 24 Typical graph of dissolved oxygen
v's depth of marine waters (After Lerman
1986)
Wet Paper

1
1 Water temperature =
20 0

Barrier reefs are bathed in oxygen rich waters. Shallow, warm sea
conditions with high water clarity, low nitrogen and phosphorus
levels, no human faecal pollution and very few suspended solids,
make great places to develop a tourist facility. A few ways this
could be changed are:• The accumulation of organic waste. The term organic means
anything that contains the element carbon. Our living planet
is based on this element. Plants, animals, bacteria and the
wastes they produce all contain carbon. So any materials that
contain carbon are called organic. Sewage is one form of
organic waste.
• Discharges from food processing plants, meat packing works
and dairies will contain organic materials.
• Leaves, twigs and dead plants can also contribute organic
material. If the natural removal of these is inhibited by changes
to natural river patterns like weirs or canals, they can accumulate
causing a depletion of water quality.
• Places where the current is slow and wave action is reduced are
places for low DO levels. Surf beaches with high currents
would be places for high DO levels. Clear surface waters will
have a high DO whereas deeper muddy waters will have a low
DO. You may like to predict other places for high and low DO.
As mentioned earlier, the temperature of the water determines the
solubility of the dissolved oxygen and % saturation levels.
A graph (Figure 26) must be used to change the figures of mg/L
of dissolved oxygen into a % saturation level.

3 % saturation =
3
3 65%

After you calculate your concentration (mg/L) of dissolved
oxygen, you measure the temperature of the water sample and
then draw a straight line connecting the two. You can now read
the % saturation from the point where the line crosses as shown
in Figure 25.

2 Dissolved oxygen
6 mgl/L
Fig 25 How to calculate % saturation
Wet Paper

Fig 26 Percent saturation calibration graph - you use this graph after Step 8
on the next page (Reproduced from Mitchell and Stapp (1988)
Wet Paper
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Other kits
There are other kits available to
test oxygen. The instructions
printed below are from the HACK
kits but other kits also contain
instructions too. The HACK
instructions are reproduced with
courtesy
of the HACK
corporation.

The dissolved oxygen test
The kit described here is the HACH Dissolved Oxygen Kit .

Safety warning

Wet Paper

In addition to the instructions
over you are to wear goggles
and gloves for the rest of the
exercise.
Fig 27 Dissolved oxygen kit

This is the DO test described in the HACH kit. If you are using another kit or titration, use the instructions in it.
1. Fill the Dissolved Oxygen bottle (round bottle with glass stopper) with the water to be tested by allowing the water
to overflow the bottle for two or three minutes. (If you have sampled from depth, bring your water sample to shore
and siphon off the water sample so that no air bubbles can enter the bottle. Allow the water to run out of the bottle
for 30 seconds). To avoid trapping air bubbles in the bottle, incline the bottle slightly and insert the stopper with a
quick thrust. This will force air bubbles out. If bubbles become trapped in the bottle in steps 2 or 4 the sample should
be discarded before repeating the test.
2. Use the clippers to open one Dissolved Oxygen 1 Reagent Powder Pillow and one Dissolved Oxygen 2 Reagent
Powder Pillow. Add the contents of each of the pillows to the bottle. Stopper the bottle carefully to exclude air
bubbles. Grip the bottle and stopper firmly; shake vigorously to mix. A flocculant (floc) precipitate will be formed.
If oxygen is present in the sample the precipitate will be brownish orange in colour. A small amount of powdered
reagent may remain stuck to the bottom of the bottle. This will not affect the test results.
3. Allow the sample to stand until the floc has settled halfway in the bottle, leaving the upper half of the sample clear.
Shake the bottle again. Again let it stand until the upper half of the sample is clear. Note the floc will not settle
in samples with high concentrations of chloride, such as seawater. No interference with the test results will
occur as long as the sample is allowed to stand for four of five minutes.
4. Use the clippers to open one Dissolved Oxygen 3 Reagent Powder Pillow. Remove the stopper from the bottle and
add the contents of the pillow. Carefully re-stopper the bottle and shake to mix. The floc will dissolve and a yellow
colour will develop if oxygen is present.
5. Fill the plastic measuring tube level full of the sample prepared in steps 1 through to 4. Pour the sample into the
square mixing bottle.
6. Add Sodium Thiosulphate Standard Solution drop by drop to the mixing bottle, swirling to mix after each drop. Hold
the dropper vertically above the bottle and count each drop as it is added. Continue to add drops until the sample
changes from yellow to colourless.
7. Each drop used to bring about the colour change in step 6 is equal to 1 mg/L of dissolved oxygen (DO).
The following steps are now to be followed regardless of which kit or titration you used
8. When you have established the DO concentration in mg/L, measure the water temperature and use the "level of
saturation" chart in Figure 26 on the previous page to determine the percent saturation of dissolved oxygen. Record
this under Column A on the Table on Page 365.
9. Now use the chart in Figure 30 to determine the Q value. Record this on your data table under Column B and multiply
by the weighted factor (0.17) and record the Q value in column D.
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Safety
warning

Use gloves
and goggles

Use gloves
and goggles

Wet Paper

Safety
warning

Fig 28 The kit contains chemicals in plastic pillows. Use the
callipers to cut the top carefully so as not to spill any reagent or get
it on your hands or in your eyes

Safety warning

Wet Paper

Be very careful not to splash any chemical-ladened
water and wash your hands immediately if spillage
occurs.
Dispose of all solutions used in your slop
bottle and take it back to school

Fig 29 If oxygen is present a brownish- orange
precipitate will form
Table 1. Dissolved oxygen (DO) test results

Percent saturation
100

To determine the quality of
this result you must determine % saturation.

90

The saturation level is determined by the temperature.

70

Q value

Stapp (1988 says that "Rivers with a constant 90 percent dissolved oxygen saturation value or above are
considered healthy. Rivers
below 90 percent saturation
may have large amounts of
oxygen-demanding materials (organic wastes)

80

60
50
40
30
20
10
0

Fig 30 Use this graph for step 9 to
determine the Q value
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20

40

60

80

100

120

140

160

DO: % Saturation
Note: If DO % Saturation > 140.0, Q = 50.0
After Mitchell and Stapp (1988) Page 66. Reproduced with permission.
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0

2. Faecal coliform

Faecal
coliforms

Safe colony
numbers

Drinking
water

1/100 ml

Swimming/
Surfing

200/100 ml

Boating/
Fishing

1000 / 100ml

Treated
sewage
effluent

No more than
200 / 100 ml

Faecal coliforms are bacteria derived from the faeces of humans
and other warm blooded animals. These bacteria can enter rivers
through direct discharge from mammals or birds, from agricultural
or storm runoff carrying bird or mammal wastes or sewage
discharge into the water. These are microscopic bacteria which
in themselves are harmless, but signify that there may be other
harmful bacteria present such as those causing gastroenteritis,
dysentery, typhoid fever, hepatitis or outer ear infections. The
standards for these bacteria are summarised opposite. The
faecal coliform count is also used as a indicator of water quality
as shown in Figure 31.
Aim
The aim of this test is to count the number of colonies present.
This is done firstly by trapping them in a filter and then growing
them under controlled conditions in a petri dish. The bacteria
grow and multiply into colonies like those shown in Figure 31.

Remember its not the coliform colonies that are harmful, its the indication
that other more harmful pathogens
can be present and alert the water
control officer to begin serious testing
for these.

Wet Paper

Data supplied Dept of Environment

Sampling
• You can use the same sample bottle as for oxygen, but do not
touch the inside of the bottle with your hands.
• Sample from below the water as the surface film contains
coliforms in greater concentration than the actual river sample.
Avoid sampling the bottom for the same reasons,
• Collect several samples and test within one hour. If this is not
possible, keep the samples in ice to stop the bacteria from
multiplying and so giving a false reading.
Method
The kit and procedure described here is the Sartorius membrane
filter method which involves trapping the bacteria in a filter and
then culturing colonies on a nutrient pad set.

Fig 31 Photograph of E. coli colonies
growing on a specially prepared nutrient
pad that has been embedded with MFC medium that only E. coli can grow
on to produce a blue coloured colony of
1-2 mm in diameter. Colonies of
different colours are not evaluated.
Wet Paper
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100 mls of sample
added

Sartorius 14068047N Nutrient pad sets which include sterile
petri dish, nutrient and membrane filter. The filter pores are
small enough to trap the bacteria but big enough to let the water
through. All equipment must be sterilised otherwise you will
introduce more faecal coliforms than are actually present and
obtain inaccurate results.
• A household pressure cooker can be used in the absence of a
commercial autoclave. You will need a hot plate, the pressure
cooker, forceps supplied, pipette and bulb, petri dishes and
filtration system.
Make sure the pressure cooker has an efficient gauge which
should be run at 15 psi or 120 for 10 minutes. You can also
sterilise forceps by passing them through a flame. When all
equipment has been sterilised, you are ready to add your water
sample. The membrane filter, nutrient pad and petri dish are
all presterilised for immediate use.
• Unscrew the top half of the filtration system. Place a sterile
polymer membrane filter on top of the support plate, in the
filter holder with sterile forceps, grid side up. Be sure the
filter is completely flat with no wrinkles. Screw on the top
half of the filtration system.

Lid

Top half

Filter paper on which
bacteria are trapped

To hand
vacuum pump
Bottom half

Fig 32 Membrane filter set
Wet Paper

Autoclaving techniques
Consult with your local water control officers or science department
to obtain details on correct sterilisation procedures.
Also instructions are usually contained in the filter holder box.
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Water is sucked
through

• Add your predetermined amount of water sample (This
predetermined amount could be 1, 2, 5, 10 or 100 mLs.
depending on the density of coliforms you suspect are present
- in early attempts, this will be trial and error and it is
suggested you start with 100 mLs).
The ideal number of colonies to find are 20 - 60.
• Transfer the predetermined volume of water to the funnel
though the top of the filter holder. If the water does not cover
Chapter 13 Seawater quality and pollution 371

the entire filter (i.e. where a small volume is used), add distilled
water to the funnel so that the whole membrane filter is covered
with water.
• Use the suction pump to suck all the water through the
membrane filter. Take care not to suck the membrane right
through and continue to squeeze until the membrane appears
dry. Unscrew the top half of the funnel and carefully remove
the membrane filter with the sterile forceps.
• Prior to transferring the membrane filter to the petri dish, the
nutrient pad needs to be "wetted" with sterile distilled water
using a sterile syringe or glass pipette so that the nutrient pad
is wet but the petri dish is not awash with excess water.
Approximately 3 mLs of water is required.
• Open the top of the petri dish and place the membrane filter
onto the wetted nutrient pad with the grid side up. Ensure that
no air bubbled are trapped beneath the membrane filter. Petri
dishes should be incubated within 30 minutes of filtering the
sample. The plates should be incubated at 370C for 24 hours.
• After incubation, carefully count the bacterial colonies on the
filter using a magnifying glass or stereo microscope. Each
dark blue spot is counted as one colony. Figure 34 shows
some of the problems you may encounter.

1
1

100 mls of sample
added

3
3
3

Top of the filter holder
unscrews and membrane
filter is transferred to nutrient
pad
The nutrient pad is "wetted"
4 and the membrane filter is
4
placed onto it so that no air
bubbles are trapped beneath

Bacteria are
trapped on filter
Membrane
filter

2

Water is sucked
through

To hand
vacuum
pump
Nutrient pad in
petri dish

Replace petri dish lid and
incubate at 37 degrees for 24
hours

5

Fig 33 Using the membrane filter set
Wet Paper
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t!

The number of colonies should be recorded in your note pad
and use Figure 35 to determine the Q value. Now record this
in column B of the table in Figure 22, Page 365 or your data
table and multiply by the weighted factor of 0.16 to obtain the
Q value for Column D

Ri

gh

When the experiment is
done correctly there
should be 20 to 60
faecal coliform colonies
evenly dispersed

A dry spot without
growth shows
improper seating of
filter

Growth around
sealing edge
means unclean
filter holder or
poor seal

Safety warning - disposal
of plates
A common method of disposal of petri dishes is to
burn them, however schools
or institutions are to follow
the disposal methods recommended by their local
safety officer or regional office

Uneven distribution is from
not swirling the sample
while filtering or not adding
distilled water to sample

Sample size
was too large

Fig 34 What to look for (After Stapp and Mitchell 1990)
Wet Paper

Table 2. Fecal coliform (FC) test results
100
90
80

Q value

70
60
50
40
30
20
10
0
1

2

5

20

10

50

200

100

500

2000 5000

1000

20000 50000

10000

100,000

FC: /100ml
Note: if FC>10, Q = 2.0
After Mitchell and Stapp (1988) Page 67. Reproduced with permission.

Fig 35 Faecal coliform Q graph (After Stapp and Mitchell 1990)
Wet Paper

Marine Studies Copyright Wet Paper 2014

Chapter 13 Seawater quality and pollution 373

3. pH
We saw how salt in water can ionise into sodium and chloride ions. pH is a
measure of the concentration of hydrogen ions (H+) in water.
These ions are measured on a 0 to 14 scale as follows.
—> H+ + OH-

H2O
The definition of an
acid is where a
substance ionises to
form hydrogen H+ ions
in solution.

Acidic

Neutral

Alkaline

0

7

14

As the pH value decreases, the hydrogen ion concentration increases.
Natural waters will have a pH of approximately 7. Sea water has an average
pH of 6.5 to 8.5.
At extremes of pH ranges, organisms diversity decrease. Ranges of 5 and
below have been recorded in many places overseas which affects the larval
stages of fish and other small invertebrates.
pH is measured here with a pH metre.
• The metre must be calibrated first with the solution supplied by pouring it
into a beaker and immersing the bottom of the metre in the pH 7 buffer
solution. Stir and wait till the reading is stable, then adjust the metre to read
pH 7.0.
The metre shown in Figure 37 has a calibration screw located at the back.
• The metre is then placed in the water and the pH read off the digital display.
With some water samples the metre may take up to a minute to stabilise.

n
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7
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c
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1
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utr
Ne

ac
0

st
Mo

st
Mo

Marine
environment

8

9

10 11 12 13 14

Bacteria
Plants (Algae, seagrasses)
Fish and some insects
Shellfish, clams
Most marine animals

Fig 36 Some animal and plant tolerance to pH (After Stapp and Mitchell 1990)
Wet Paper

374 Chapter 13 Seawater quality and pollution

Marine Studies Copyright Wet Paper 2014

Wet Paper

Fig 37 The metre must be calibrated first with the solution supplied by pouring it into a beaker and
immersing the bottom of the metre in the pH 7 buffer solution. Stir and wait till the reading is stable, then
adjust the metre to read pH 7.

Read off the Q value from the graph in Figure 38 and record it
in Column B in Figure 22 on Page 365. Then multiply this by
the weighted factor of 0.11 to obtain your Q value which you
write down in column D.

Table 3. pH test results
100
90
80

Q value

70
60
50
40
30
20
10

Fig 38 Q value determination of pH (After
Mitchell and Stapp 1990)

2

3

4

5

6

7

8

9

10

11

12

pH Units
Note: If pH<2.0, Q = 0.0; if pH >12.0, Q = 0.0
After Mitchell and Stapp (1988) Page 66. Reproduced with permission.
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Fig 39 Adding reagents for BOD test

4. Biochemical Oxygen Demand

The process by which plants die
is a major cause of high BOD's.
When the oxygen runs out this
process of decomposition uses
sulphurous compounds forming
sulphides,
giving
the
characteristic rotten egg smell.

The BOD test (Biological Oxygen Demand) measures the amount
of organic material in water. Organic matter is fed upon by
aerobic (able to live only with oxygen) bacteria. In this process
the organic material is broken down and combined (or oxidised).
Single celled animals called Protozoans, prey upon the growing
population of bacteria and also require oxygen.
Biochemical oxygen demand is a measure of the quantity of
oxygen used by these microorganisms in the aerobic oxidation
of organic matter. Organic matter comes from pulp mills, meat
packing plants, food processing industries and waste water
treatment plants. Natural sources include twigs, leaves, dead
animals and plants.
These sources come from one point and are called point sources.
However much pollution comes from non point sources like
playing fields where lunch scraps, dog droppings, leaves,
fertilisers, car wash detergents, bottles, cans, oil, topsoil, garden
scraps, to name but a few, enter the system.
The influx of chemicals such as nitrates and phosphates stimulates
plant growth. More plant growth leads to more decay and
nutrients can be the major force in the BOD in rivers. Waste
accumulates where the water slows, such as mangrove swamps,
causing bacteria numbers to increase with the large amount of
available food. Percent saturation of oxygen will therefore fall.
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So much of the available dissolved oxygen is consumed by the aerobic
bacteria leaving very little for mud crab larvae or fish larvae. As most of
these larger order consumers live out to sea, stocks are reduced by a
depletion of the immature stages in the mangroves. The diversity of the
rich mangrove swamps is decreased by the deaths of the smaller animals
on which the larger ones feed.
Testing for BOD
Use the same HACH kit you used for oxygen.
• This time however two samples are taken. One tested immediately and
the DO recorded as before.
• The other is wrapped in aluminium foil and incubated in a dark cupboard
for 5 days at approximately the same temperature as you recorded for the
first bottle. After five days determine the DO using the appropriate
method.
• Now subtract the two DO readings. This value = BOD. Now use the
table below to compute the Q value.
Take this Q value and record it in the Column B in Figure 22 on Page 365.
Now multiply this value by 0.11 to obtain the weighted Q value which is
recorded in column D of the same table.

Table 4. 5 - day Biochemical oxygen demand (BOD tests)
5

100
90
80

Q value

70
60
50
40
30
20
10
0
5

10

15

20

25

30

35

BOD5 :mg/l
Note: if BOD5 >30.0, Q = 2.0.
After Mitchell and Stapp (1988) Page 66. Reproduced with permission.

Fig 40 Q value determination of BOD (After Mitchell and Stapp 1990)
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5. Temperature changes
Temperature affects many physical, biological and chemical
characteristics of sea water.
• The solubility of oxygen, the rate of photosynthesis, the
metabolic rate of most organisms and the sensitivity to toxic
wastes and disease are all controlled by temperature.
• Gases are more soluble in cool waters. As temperature
increases, the rate of photosynthesis increases causing more
algae to grow, which in turn uses more oxygen causing fish to
die. As the temperature increases fish metabolism slows
down making them easy prey.
• The hot summer months in the cities heat roads, buildings and
footpaths. Rain falling in summer storms absorbs this heat
and storm water run off .
• Water that is slowed down by the building of marinas, jetties,
or waterways that are clogged by tress or other organic matter,
is heated rapidly.
Pollution of water by heat is called thermal pollution and can
have a number of effects:• Fish die or move to other environments since certain fish can
only live within certain temperatures e.g. Rainbow trout
(15˚C), Perch (24˚C), Carp (32˚C). Each of these species can
only tolerate a temperature rise of 5 degrees C
• Warmer water tends to lie on top of cooler water because it has
a lower density. Consequently the cooler water is prevented
from coming into contact with the atmosphere reducing the
dissolution effect.
• Poisoning by other elements is greatly accelerated by an
increase in temperature

The effect of temperature is also
discussed in Chapter 18 Aquaculture

T1 - T2 =

T

The water sampling bottle and a bucket can be used to measure
surface and shallow subsurface temperatures. As soon as the
bottle is hauled on board, place the bottle in the bucket and read
the temperature directly. Temperatures from a variety of depths
can be determined in this way and used in conjunction with
salinity, and oxygen can be used to draw a profile of the water
column.

x
x

T1

x
x

Alternatively, you can measure water temperature from the side
of the estuary. Ideally the thermometer should have a temperature
range of about 2˚C + 35˚C but it must have at least a minimum
range that will not be exceeded in the field.

T2
Fig 41 The determination of Q value is from
the temperature change. This can be depth
as shown above or comparing two sample
sites as shown in Figure 42
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Measurement of temperature
The measurement is the difference from one point to another so
you have to select two regions of the river or estuary. Lower the
thermometer 200 mm into the water and read the thermometer
direct to the nearest ˚C. Proceed immediately one kilometre
upstream to a point with similar conditions.
Marine Studies Copyright Wet Paper 2014
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Fig 42 The temperature should be measured with the thermometer bulb in the water and comparing two sample sites

Repeat the test with the same thermometer and record the temperature
in ˚C. Now record the difference and read the Q value from the table
below. Record this Figure in column B in Figure 22 on Page 365.
Multiply by 0.10 and record in Column D.

Table 5. Change in temperature

T: 0C

Test results

100
90
80

Q value

70
60
50
40
30
20
10
0
0

5

10

15

20

25

30

0

T: C

35
Wet Paper

Fig 43 Q value determination of
BOD (After Mitchell and Stapp
1990)

After Mitchell and Stapp (1988) Page 70. Reproduced with permission.
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6. Total phosphorus
This test includes organic phosphorus and inorganic phosphorus.
If an animal dies and gets washed into the sea, the phosphorus in
its body will be combined with other chemicals. So it is classed
as organic phosphorus. Detergents and inorganic phosphorus
ions attached to soil particles make up the inorganic components.
Phosphorus is an essential component of life and is required for
plant growth. It is usually found in very small concentrations in
the sea or estuaries and is rapidly taken up by plants (the section
on dunes discusses the phosphorus seeking behaviour of coastal
spinnifex roots). So if the phosphorus increases rapidly, plants
will grow very quickly. Algae are the most common form and
they colour the water a pea soup colour, indicating a condition
called cultural eutrophication.
Cultural eutrophication
Cultural eutrophication is an enrichment of the water, usually by
phosphorous and usually by human pollution.
Natural
eutrophication is caused by fallout from volcanic eruptions, forest fires or natural underwater
springs.

Tip all solutions into the slop bottle for return to school and disposal according to Departmental
Safety Instructions

Pollution comes from human and animal wastes Inadequately
treated sewage can cause increases in phosphorous levels. With
this increase in phosphorus, plant growth is rapid. Massive
amounts of oxygen will be produced during the day, however,
decomposition will also occur at night. The plant bloom will
actually destroy itself in the advanced stages of cultural
eutrophication and dead organic matter flows to the bottom of
the estuaries and marshes choking itself along with fish and
other larger consumers. Anerobic conditions occur now in the
bottom sludge and the characteristic rotten eggs gas, hydrogen
sulphide, can be smelt in these backwater marshes.
The amount of phosphorus can be reduced by reducing the
amount of fertilisers we use in housing estates, encouraging a
decrease in the amount of phosphorus used in farm fertilisation,
preserving natural vegetation wherever possible near shorelines,
requiring industry to pre-treat wastes.

Safety warning
Safety goggles to be worn during this experiment.
This kit contains dangerous
chemicals and wands should
be washed after the experiment
and all solutions disposed of
according to Departmental
Safety Instructions.

Wet Paper

The chemicals contained in the
pillows are listed in the kit.

Fig 44 Total phosphorus kit

380 Chapter 13 Seawater quality and pollution

Marine Studies Copyright Wet Paper 2014

Wet Paper

Fig 45 Before you do the Phosphorus test, sit down and read the procedures carefully. It takes about 40-50
minutes to complete and is the longest of the nine tests

Testing for phosphorus

Safety warning
The hexamine burner will get
hot so be careful not to burn
yourself when packing up the
equipment.

All equipment should be acid washed by soaking in dilute
hydrochloric acid and rinsed with distilled water. Use protective
gloves and goggles when working with acids.

Wet Paper

If this test is done in a laboratory, a bunsen burner can be
used. Again be careful when
packing up to let the heating
equipment cool before packing
up.

Which Phosphorus range to
choose?
At first you may not know how
much phosphorus is preset in
your sample. Start with the 0-50
mg/L range and from this result
select a more appropriate range.

Marine Studies Copyright Wet Paper 2014

Fig 46 The test involves the use of a haxamine burner kit. If the test is
done in a lab, this may be replaced by a bunsen burner

The kit consists of a small hexamine burner, square mixing
bottle, 50 mL conical flask, potassium sulphate power pillow, 5
N sodium hydroxide solution, phosVer 111 Phosphate Reagent
powder pillow, one black box and colour comparator.
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Clear sample

Prepared sample

Support

Fill line
Figure 3
Heat tablet
Cookit
Figure 2

Prepared sample
Untreated sample
Figure 1
Swirling technique

Figure 4
Figure 2a

Fig 47 Sample instructions from the Hach kit. If you are using a different kit follow the instructions in that kit
Wet Paper
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Fig 48 Hold the comparator up to the light and rotate the disc until you get a colour match.

When the concentration in mg/L has been determined use the table below to
obtain the Q value. Record this Figure in column B in Figure 22 on Page 365.
Multiply by the weighted factor of 0.10 and record the value in Column D.
Table 6. Total phosphorous (TP) test results
100
90
80

Q value

70
60
50
40
30
20
10
0

Fig 49 Total phosphorus Q
graph (After Mitchell and
Stapp 1990)

1

2

3

4

5

6

7

TP: mg/l
Note: if T-PO4 > 10.0, Q = 2.0

8

9

10
Wet Paper

0

After Mitchell and Stapp (1988) Page 71. Reproduced with permission.
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7. Nitrates
Nitrogen is important for plant and animal growth. It makes up
approximately 79% of the air we breathe. In water, nitrogen is
in the form of nitrates (NO3 -), nitrite (NO2 -), ammonia (NH3 +),
and in organic matter. In the air it exists as a molecule N2.
This molecular nitrogen has to be broken apart, combined with
other elements such as oxygen and hydrogen to form the smaller
ions which can be absorbed by the roots of plants.
Applications of the nitrogen
cycle

Inside the plants this nitrogen is taken up by the root systems and
transported to cells which take the ionic nitrogen forms and
combine them to form plant proteins. As animals and plants die
or excrete wastes, this combined nitrogen re-enters the waterways
and estuaries.

A further discussion of the nitrogen
cycle can be found on Pages 494,
495 and 508

Decomposer bacteria break this down and release it back to the
atmosphere. The cycle is called the nitrogen cycle. Ryan,
(1991) describes this process in greater detail and its relation
with pollution, in the Book, "Pollution - Issues in Marine
Conservation".
When nitrogen is combined with hydrogen in the form (NH3+)
and (NO3- ), it can stimulate plant growth. Blue green algae
thrive on this form and rapidly multiply causing eutrophication.
This increases plant growth and finally causes a decrease in
available oxygen.

Atmospheric Nitrogen
Industrial fixation
Biological
Fixation

Atmospheric
conversion

Denitrifying
bacteria

Run off
Air
Water
Wastes
and dead
remains

Fish and
animals

Plants

Nitrates in water

Fig 50 The nitrogen cycle (After Ryan 1991)
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Nitrifying
bacteria

Overflow
Septic tank

Water table

Pollution of water
table

Wet Paper

Creek

Fig 51 Septic tank (After Mitchell and Stapp 1990)

Sewage and septic systems are one large contributor to the nitrogen ions. Septic
tanks are just a pit in the ground with an overflow pipe into a trench. This usually
drains into a field where plants absorb the nitrates. Storm water runoff also will
contain nitrates from fertilisers and pet droppings, or from farms and feed lots.
Testing nitrates
The kit again is the HACH kit using a colour comparator. Because nitrates vary so
much in water samples there are two tests - a low and high range. Note :- All
glassware should be washed in dilute acid and only demineralised or distilled water
should be used.
Cadmium warning

Wet Paper

The NitraVer reagent contains cadmium metal which should be disposed of in accordance with your local safety officer's recommendation. Some suggestions are given on
Pages 66 and 67 of Mitchell and Stapp (1990)

Fig 52 A nitrate testing kit
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Fig 53 A nitrate testing set of instructions (After HACH 1990)
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Fig 54 Colour comparison
is again used to determine
nitrates
Wet Paper

Record this in Column A in the table on Page 365. Now use the table below
to compute your Q value which you record in Column B of the same table and
then multiply by the weighting factor of 0.10 . Record this weighed Q value
in Column D.
Table 7. Nitrate as (NO )
3
100
90
80

Q value

70
60
50
40
30
20
10
0
10

20

30

40

50

60

70

80

90

100

NO 3: mg/l

Fig 55 Nitrate Q value graph
(After Mitchell and Stapp (1990)

Note: If NO 3 > 100.00, Q = 1.0

After Mitchell and Stapp (1988) Page 72. Reproduced with permission.
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8. Turbidity
As can seen from the diagram on Page 306 , wind and water are
largely responsible for what is blown offshore or cannot dissolve.
The list could be endless.
Look in a river during flood. There will be branches, twigs, mud,
topsoil and dead animals, apart from the pollution caused by
humans. This particulate matter goes to form the suspended
solids in the sea which is called the turbidity.

How to use the disc
A Secchi, or visibility, disc is used to
measure the transparency of the
water column.
The usual procedure is to lower the
disc over the sunny side of a vessel
that is motionless in the water, and
then to note the depth when it
reaches the point at which you can
barely see it.
This measurement is especially important for your collection of biological samples, and it may also give
you some information on currents
and sediment transport.
A simple secchi disc can be made
as illustrated in Figure 56

Turbidity is a state of reduced clarity in a fluid caused by the
presence of suspended matter. At higher levels of turbidity:• Water loses its ability to support a diversity of aquatic
organisms.
• Waters become warmer as suspended particles absorb heat
from the sun.
• Warmer water reduces the amount of dissolved oxygen which
can affect fish and plant populations.
• Less light can penetrate water depths which effects
photosynthesis.
• The suspended particles can sink and cover fish eggs or the
burrows of crabs and prawns in the larval or sub adult stages.
• In areas where coral reefs are close to land, sediment can
cover the corals causing death and subsequent loss of habitats
for other reef creatures.
To measure turbidity, simply lower the disc until it disappears.
Take care with the disc so that it does not bend out with current.
(If it does, add weights). Note the depth D1.
Lower the disc even further and raise it again. Note the depth D2.
Add D1 and D2, divide by two and read off the Q value from the
table below. Now multiply by 0.08 to give the weighted Q value.

20 cm

Fig 56 A secchi disc is made at school by your manual arts department
Wet Paper
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Fig 57 A secchi disc

Table 8. Turbidity test results
100
90
80

Q value

70
60
50
40
30
20
10
0
1.5

1.2

0.9

0.6

0.3

Metres
Fig 58 A secchi disc Q table
After Mitchell and Stapp (1988) Page 73. Reproduced with permission.
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9. Total solids
This measure includes all suspended and dissolved materials in water. If we set up
a filter system and pour a water sample through the filter paper, dissolved substances
(filtrate) will pass through the filter paper along with the water and undissolved
materials (the residue). If these can be weighed, they will give an indication of the
amount of solid material in the water. High concentrations of total solids leads to:• Reduction in nitrate and phosphate levels, so decreasing the amount of
phytoplanktonic activity.
• High concentration of suspended solids leads to decrease in water clarity, reduces
the amount of light that can enter the water column, and so reduces photosynthesis.
• Oil on water has dramatic consequences. No light can get through and planktonic
life is killed in vast qualities. The plankton contains the next generation of fish,
crabs, barnacles etc., and so a seasons reproductive activity can be wasted. Birds
are coated with oil as they fly through and die because they cannot find food.
Dead birds accumulate and increase nitrogen and phosphate levels and the chain
reaction sets in motion. This is why oil spills have to be cleaned up very quickly
and some marine park authorities want to ban ships completely from certain
regions.
• Suspended sediments gradually settle and stop all invertebrates that filter feed.
Tube worms, corals and barnacles are but a few of the animals that are affected
by mud that settles as a result of storms or flood.
Measurement
To measure the total solids simply collect a sample of water and boil off all the water
and weigh what remains.
• To do this you will need a good balance that weighs to 1/1000 of a gram. This is
called a milligram balance and is very expensive. Usually the science section will
have one such balance but if not you will need to use plan B. Here you just use
a larger volume and divide by 10)
• Collect 100 mLs of water sample (1000mLs if you are going to use plan B)
• Take a 300 mL (1.5l) beaker and dry it for one hour in a 1030C oven. Remove the
beaker with tongs, allow it to cool and weigh it to the nearest .0001g (0.01g).
Record the weight as W1.
• Add the sample (100 or 1000mLs) to the beaker. Make sure all materials have
been transferred. To do this you use a wash bottle containing distilled water and
squirt water into the bottle so that the sample bottle is clean.
• Evaporate the sample, dry the beaker overnight and the resulting residue in the
1030C oven. Don't touch the beaker with you hands or anything that may give a
false reading. Now weigh the beaker and record as W2.
Sample
Suspended
solid
minus salinity = Total solids

Fig 59 Total solids are the suspended solids plus
the dissolved solids minus the salinity
Wet Paper
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3.5 grams of
solid salts

96.5 grams
of water

Wet Paper

Remember that in seawater
there is approximately 35
grams of salts and these
occur naturally.
So don't forget to take these
away.
One suggestion is to take 1
litre of very clean unpolluted
seawater and boil it all away.
Then take one litre of your
sample. Boil all this away
and subtract the two to obtain
the mg/L.

Fig 60 A milligram balance is used to measure TDS

• Subtract W2 - W1, multiply by 1,000,000 and divide by the number of
mLs in the original sample to give the ppm. Now read the Q value off
the table below and multiply by 0.07 to give the weighted Q value and
record in Column D of your data table.

Table 9. Total dissolved solids
100
90
80

Q value

70
60
50
40
30
20
10
0

Fig 61 TDS Q conversion table
(After Mitchell and Stapp 1990)

50

100

150

200

250

300

350

400

450 500

TS: mg/l
Note If working with salt water you must take away salinity and
if TS > 500.0 Q = 20.0.
After Mitchell and Stapp (1988) Page 74. Reproduced with permission.
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How polluted was your sample?
Now that you have the nine weighted Q values in column D add
them up to give the overall Water quality index. A clean table
for you to copy is given below. As mentioned earlier values 050 indicate a very serious condition, 50 - 70 indicate a problem
and values over 70 should pose no health problems. However it
must be stressed that the individual values must be considered
separately. High concentrations of faecal coliform should be
reported to school authorities who can make appropriate
decisions.
A school environmental committee is one avenue to report
findings and then the school should make the appropriate decision
as to how the data should be treated. If individuals become
involved then they are subject to individual criticism and this
should be avoided where possible.
Fig 62

Analysing the results
Date

Time

Location
Weather conditions
Results
(Column A)

1. Dissolved oxygen
2. Faecal coliform

Column B

Factor
(Column C)

%

0.17

colonies
/100ml

0.16

3. pH

units

0.11

4. B.O.D.

p.p.m.

0.11

5. Temperature

0

C

0.10

6. Total Phosphorous

mg/l

0.10

7. Nitrates

mg/l

0.10

8. Turbidity

cm

0.08

9. Total solids (-salinity)

mg/l

0.07

Column D

Overall water quality index
After Mitchell and Stapp 1988
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Variable

Additional data
Current measurement

Drift bottle

Currents are certainly the most important physical processes at
work in estuaries. They exist in three dimensions throughout the
entire system and are produced by several factors. The flood and
ebb of the tides usually produce the greatest currents, but there
is often a residual gravity-driven flow or river or stream water,
and wave or wind-driven currents may have considerable local
influence. Currents often change both velocity and direction
with depth, and it is by no means uncommon to find surface river
water flowing out of the estuary while deep-sea water flows in
underneath.

Drift can
Current
marker

Wet Paper

Drift card

Fig 62 Types of free trajectory current
measuring devices

Two methods can be used:• The bottle method with a card, and recover the bottle at a later
date. Inside the bottle, place a return questionnaire postcard
and enough sand or other weight so that the bottle floats with
only its top above water. Cork or seal the bottle securely.
• The drogue method as shown below:- The angle gives the
current speed. The compass direction gives the current
direction.

Cleat

Level

Pole

Boat

Determination of current
speed and direction is important when we are considering pollution

Measuring board

Biplane
drogue
Water current

Weight
Fig 63 A bi plane drogue
Wet Paper
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Sediment composition
Slits
Plastic
tubing

Core catcher

Core catcher at
work

Fig 64 A core catcher
Wet Paper

Sediments reveal many aspects of environmental composition
and pollution. A hand corer can be used to collect the sediment.
It consists of a clear plastic tube, 40 mm in diameter and about
6 metres long, with a core catcher inserted into the end that will
penetrate the sediment.
You can build a core catcher as follows.
• A core catcher can be made from a tennis ball which is cut in
half, and slits cut from the apex to about two centimetres from
the equator. It should fit snugly into the end of the core tube,
and should be attached by bolts through holes cut in the end
of the core and in the equator of the core catcher.
• After a core is taken, cut the core tube with a saw just above
the sample, remove the catcher, seal the sediment core in the
sawed off part of the tube on top and bottom with plastic
electrical tape and bottle caps and store vertically (in a cold
place if possible). The core catcher is then inserted into the
remaining part of the empty tube (now about four feet shorter)
for reuse.
For ready reuse of the core catcher, you can drill holes at about
350 mm intervals along the tubing before you go into the field,
or you can take a hand drill with you into the field. In this way,
you will be able to take three cores or more with each core tube.
If you do not have a long plastic tube, you can make the corer
from a metal pipe. Upon retrieval, slide the core out into a tray,
or push it out into a tray gently with piston plunger, as shown in
Figure 64 .
Wave Determination and Analysis

Your research report may be deferred
until you have completed Chapters
14, 15 and 16.
It is important that you know the methods and are skilful with them so that
you reduce the experimental error.
The research report here is based on
the work of Bishop (1991), but acknowledgement is given to the teachers at Malaney High School and Acacia Ridge SHS as well as the others
involved with Project GREEN whom
the author has been unable to contact at time of publication.

Wave effects within sheltered estuaries are usually of minor
importance. To develop waves of any real size, the wind must
have the opportunity to work on the water surface for a
considerable time and over a considerable distance.
The only estuarine areas, then, where waves are likely to be
significant are places exposed to waves coming in from the open
sea. In these areas, there is likely to be considerable mixing of
surface waters and long shore currents developing in the shallow
water. Also, the energy of breaking waves is such that finer
sediments are carried away and sand or gravel is left behind to
form a beach.

Fig 65 Wave determination
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Your research project
Details of a case study and associated report can be found in Chapter 5 of the
Book, A Field Manual for Water Quality Monitoring, by Mitchell and Stapp
which is available from your local Environmental Education Centre. Bishop
(1991) has modified this program as follows for his group of Year 11
Environmental Studies classes over a period of two - three weeks.
A. An identification and mapping of a watershed and places on the coastal
plain that are study sites that lead into the estuary of ocean basin. This could
be done using aerial photographs and topographical maps. 2 lessons.
B. Beginning the project where community members are involved in
planning committees and workshops are conducted. Letters and telephone
calls. 2 lessons.
C. A bus trip where the entire study site is traversed and photographed
collecting initial samples. Discussion of water use in the catchment area. It
is advisable to contact local authorities during the trip. Half - one day.
D. Discussion and practice in using test equipment. Discussion of the
factors that affect the parameters to be tested. Allocation of groups to each
test. Students work in the laboratory using either collected samples or tap
water, in order to understand each test procedure. Seawater samples are
analysed to determine dissolved salts. 2 Lessons
E. Allocation of groups. Collection of water samples from sites to be tested
and analysis of water. Determination of water quality index as each group
reports their findings. Completion of data table from Page 392.
F. Communication with other schools. Letter, visit or fascimile of results to
other schools. Computer input to computer network.
G.Building skills to identify and define problems and their sources.
H.Action planning - community involved to increase awareness of water
quality in local area. Working with local water quality control officers and
councillors. Planning action through school P and C if necessary.
I. Communicating with other students overseas and interstate.
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Resources
Emphasis has been placed on the need to provide low cost easy to assemble resources that can be duplicated in
multiples and easily built by students. However some chemicals are needed and the lists below show the recipes for
the solutions mentioned in the chapters.
Silver nitrate solution for the eye drop titration
Weigh out 4.97 g of silver nitrate and dissolve in 100 mLs of distilled water. Store in a painted bottle to reduce
deterioration of the solution. You must use eye droppers that will deliver the same size drop or use the same eye dropper
for each experiment.
Artificial Sea water
To 10 litres of distilled water add 310 grams of analytic reagent quality sodium chloride, 100 grams of magnesium
sulphate and 5 grams of sodium bicarbonate
Bottles, eye droppers and storage containers.
Ice cream container with eye dropper bottles and a conical flask that most Science labs have. Try to use cheap and
inexpensive materials such as orange drink containers, lots of electrical tape or masking tape and plastics which will
not break in the sea.
Student worksheets
Packaging companies (look in the yellow pages) have zip top plastic bags that can store student field worksheets. A
stiff piece of cardboard used as a backing inserted into the bag provides a low cost field clipboard that contains
worksheets, pencils etc.
For the more scientifically minded Selbys Australia have a range of scientific supplies and purchases can be made from
these.
Selbys Address are:Queensland PO Box 1263 Milton Centre 4064. Telephone: 07 3711 566
Sydney Locked Bag 65, Lidcombe, 2141. Telephone 02 643 2666
Melbourne Private Bag 24, Mulgrave North, 3170 Telephone 03 263 4444
Adelaide GPO Box 550 Adelaide 5001 Telephone 08 297 0177
Perth PO Box 300 Cloverdale 6105 Telephone 09 353 3577
Hobart GPO Box 914J Hobart 7001 Telephone 002 732 455
Darwin Unit 4 4 Durand Court Coconut Grove 0810 Telephone 089 480 622

References
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Bullocks (1991) Personal communications. Selbys Scientific.
Mitchell, M., and Stapp, W. (1991) Field Manual for Water Quality Monitoring - 3rd Ed. 2050 Delaware, Ann Arbor,
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Process skills

Content
●

Key terms applied to the marine
environment

●

Discuss some inter-relationships between
marine organisms.

●

Interactions among and between
organisms

●

Observe adaptations in various marine
organisms

●

Food chains and food webs found
in a selected environment

●

●

Features of a particular organism

Describe characteristics of the marine
environment which make these adaptations of value

In depth study
●

Use key to identify marine organisms

●

investigate the characteristic features of
a marine organism including external features, feeding, life cycle and adaptation

●

Interpret data complied by direct observation during field study in a selected
environment

●

Construct a food chain and write a report
describing the selected environment

Topics

Classification
Phytoplankton
Zooplankton
The photic zone
Barnacles
Jellyfish
Marine bacteria
Food chains and food webs
Food pyramids

Skills

Attitudes

●

Use appropriate sampling equipment
with due care for sound conservation
practice

●

An understanding of the relationships
between abiotic and biotic resources of
the sea

●

Pencil sketch an organism from the
marine environment

●

An appreciation of the finiteness of the
biotic resources of the sea
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The marine environment can be divided into two main areas above and in the water. Above, the water plants, animals and
microorganisms can live in a variety of habitats some of which
are:
• Coral reefs or islands
• Wet lands and mangrove swamps
• Coastal plains and beach systems.
• Rocky headlands.
In the water, plants, animals and microorganisms can live as:• Plankton (the drifters).
• Nekton (the swimmers).
• Benthos (bottom dwellers).
This chapter discusses the plankton. The next two discuss the
nekton and benthos.

Classification
Plankton are organisms that drift in the ocean because they either
do not swim or are too small to resist ocean currents. They are
caught in a plankton net which is towed through the water at a set
speed. Plankton are trapped in a bottle at one end. This bottle
unscrews allowing samples to be taken for microscopic analysis.

Marsh (1991) has identified plankton as
being classified according to the following sizes:"Ultraplankton - below 5 µ

Removable
bottle

Nannoplankton between 5 - 60 µ

Net of bolting
silk

Bridle to keep
net open

Microplankton between 60 - 1000 µ
Mesoplankton between 1 - 5 mm
Macroplankton above 5 mm
Megaplankton - very large forms"
The mesh size of the bolting silk opposite will determine what type of plankton is caught. For large forms, the size
of the bridle will also determine which
forms are caught.
1µ =

1
1 000 000 metre
10 µ
100 µ

1 mm

1000 µ

1 cm

10 000 µ

1000 000 µ

Wet Paper

1 metre

Wet Paper

100 000 µ

Fig 1 A plankton net
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Under the microscope it becomes obvious that some plankters
are plants , some are animals and some are bacteria and viruses.
Plankton can be classified as follows:Plankton

Phytoplankton

Diatoms Dinoflagellates

Zooplankton

Permanent Temporary

The animal portion is called Zooplankton, the plant part is
called Phytoplankton and the third group is bacteria and viruses.

Wet Paper

Plankton adaptations

Fig 2 Most plankton is only visible under a
microscope

Fig 3 Biddulphia - a Diatom
Wet Paper

Plankton have developed a number of adaptations to assist them
stay floating and drifting and involve slowing the rate of sinking.
Size. Most plankton are small ranging from 5 - 60 m. This
smallness, reduces the surface area to volume ratio and means
that the density of the seawater is greater than that of the
plankton, allowing it to float. Small size also means that the
individual can ingest and excrete straight through the body wall.
This reduces the need for a complicated digestive system which
would add weight to the plankton.
Shape. Most plankters use shape to stay afloat. Some examples
of this are:
• Long and flat, like Chaetocerus in Figure 6.
• Bell shaped, like sea jellies
• Long chains with air filled sacs like those behind Chaetocerus
in Figure 6
• Having a flagellum or antennae that constantly beat to swim
upwards, like Ceratium sp.
Phytoplankton

Fig 4 Noctilucia - a Dinoflagellate
Wet Paper

Fig 5 Coscinodiscus- a Diatom
Wet Paper
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Phytoplankton need light to survive and consists of two main
groups called Diatoms (di-a-toms) and Flagellates (fla-gelates). Diatoms have a characteristic feature of two shells. There
are four common diatoms, Coscinodiscus, Rhizosolenia,
Chaetocerus and Biddulphia. Two of the most common
Dinoflagellates are Ceratium and Noctilucia. Dinoflagellates
are characteristic by having two flagella.
Structure. Diatoms are very small about 1/1000 of a cm and
have two shells made of silica, which gives them a glassy
appearance. Inside they have a structure called a chromatophore
which contains the pigment chlorophyll. This pigment is used
in the photosynthetic process to produce oxygen and
carbohydrates.
Marine Studies Copyright Wet Paper 2014

CSIRO

P e r m a n e n t
zooplankters spend
all their life as
plankton. Temporary
forms are those
immature or larval
stages of many sea
creatures. A sea jelly
would be a permanent
form whereas a crab
larvae would be a
temporary form.

Fig 6 Chaetocerus sp. Photo courtesy CSIRO Fisheries

Feeding During daylight hours, water and carbon dioxide are
drawn into the chromatophore and the chlorophyll reacts with
the sunlight to convert this water and carbon dioxide to oxygen
and sugar. The sun's energy is trapped in the sugar molecules
which helps the diatom grow and reproduce.

Fig 7 Rhizosolenia - a Diatom (4 species
shown)
Wet Paper

Reproduction The diatom grows to a set size determined by the
genetics inside its body, and then splits in half each half
duplicating the other. The process, as shown in Figure 9, is
called fission, and is used by many microscopic plants, animals
and bacteria. At the time of reproduction, it splits in half, then
each half continues to duplicate the other to produce large
numbers of diatoms.
Chromatophore
(Pigment)
Plate made of
silica
Nucleus

Vacuole

Fig 8 Ceratium - a Dinoflagellate
Wet Paper

Fig 9 Diatom reproduction
Wet Paper
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When a diatom dies, most of it decomposes, except the shell made of
silicon dioxide. These shells sink to the bottom of the ocean where
they form great deposits of diatomaceous earth. Some of these
deposits have been found on dry land in areas once covered by the sea
millions of years ago.

Wet Paper

Commercial applications. Diatomaceous earth is used commercially
as a base for toothpaste, paint, polish and kitchen cleaners. It is also
used as a lubricant, a rust preventive, and in filters for swimming
pools.
Ecological importance. It has been estimated that up to 80 percent
of all the worlds' oxygen comes from the phytoplankters in the sea.
In return, they "soak up" large qualities of carbon dioxide and play a
significant role in reducing greenhouse gases. Diatoms also can also
trap nitrogen from the air and recycle the element nitrogen in nature.
The energy trapped by these phytoplankters is passed on to all
animals that eat them along the food chain. Without diatoms it would
be doubtful whether we would be able to survive.

Fig 10 The blue green algae Oscillatoria
erythraea - responsible for the red tide

Conservation strategies. Very little is done at present to manage
this resource as we continue to pour sewage effluent and pollutants
into the sea. The long term effects of continual nitrogen, phosphorus
and chlorine ions is unknown as is the effect of metals and other
pollutants from land.

Atmospheric nitrogen - a
gas

Nitrogen fixation

The photic zone

Fixed nitrogen in the bodies
of phytoplankters

This zone is where the maximum amount of light can penetrate in the
sea or estuary. It varies with depth according to the amount of
dissolved and suspended matter present in the water. It is also called
the Photosynthetic zone which refers to the region where
phytoplankton are able to carry out the photosynthesis as shown in
Figure 12. (See also Page 495 and the carbon cycle)

Fig 11 Nitrogen fixing \in the sea
Wet Paper
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(diatoms)
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Cellular respiration
(fish)
CO

2
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Aphotic
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Chemical reactions
as CO2 dissolves in
water

Fig 12 Photosynthesis and the photic zone
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Ciguatera symptoms commence 1 24 hours after fish are eaten and include according to Lewis (1991) *:★ "tingling and numbness in fingers
and toes but also around the lips,
tongue, mouth and throat.
★ burning sensation or skin pain on
contact with cold water.
★

joint and muscle pains with
weakness and or cramps

★ nausea, vomiting, diarrhoea and
or abdominal cramps
★ muscle weakness, headache, fatigue, fainting
★ extreme itchiness, often worsened by drinking alcohol and in
severe cases breathing difficulties"
Ciguatera prevention includes
★ Avoiding fish that cause ciguatera
poisoning E.g: Red bass, moray
eels, Chinaman and paddletails.
★ Avoid eating large ocean fish from
warm waters.
★ Avoid eating more than 250 grams
of fish at any one time.
★ Do not eat the head, roe, liver or
other viscera as the toxin concentrates in these parts.
Treatment. A new drug called mannitol has been tried with guarded success* Ring the poisons information
line in your state if suspicious symptoms appear.

Planktonic blooms. Usually the number of planktonic organisms
remains roughly constant. Occasionally, however, conditions
change and there may be a sudden “blooming” period where the
number of plankton increases rapidly. It is believed that “blooms”
are caused by a change in ocean conditions which may affect the
plankton reproduction. Some conditions which may change and
affect the plankton reproduction are; salinity, nutrients, currents
and biological factors (such as the absence of predators). Certain
phytoplankton “blooms” have caused what is known as a “Red
Tide”, with large numbers of blue green algae called Oscillatoria
erythraea making the ocean look a rusty red colour.
Bioluminesence. Some phytoplankters, such as Noctilucs
scintillans, produce a light at night when the water is disturbed.
This light is a cold chemical light similar to that produced by the
fire-fly on land. The ability to produce light or bioluminscence,
also occurs in other marine forms, including sea jellies and some
deep sea fish
Ocean colour. The colour of the ocean indicates whether
plankton is present or not. A blue coloured ocean usually
indicates a sparse population, while a green colour indicates an
increase in plankton density. Phytoplankton stay in the photic
zone of the sea and seldom are found more than 200 metres
below the surface.
Ciguatera. Certain dinoflagellates can produce a toxin which
kills a great number of fish. Shellfish (mussels, clams and
oysters) appear to be immune to this toxin, but may pass it on to
humans as well as fish. A particular type of dinoflagellate called
Gambieriscus toxicus, see Figure 13 which produces a toxin
called ciguatoxin, is responsible for fish poisoning.

References.
Lewis, R. et al, Ciguatera Poisoning,
Department of Primary Industries Leaflet 1991.
* as reported in the Medical Journal of
Australia Vol 151 July 17 1989.
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Fig 13 Scanning electron microscope of
Gambieriscus toxicus Photo courtesy Richard
Lewis Deception Bay Fisheries. The numbers
indicate the thecal plates used to classify this
dinoflagettate. The two shells can be clearly
seen.
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Ciguatera and the food chain. Gambieriscus is attracted to a
certain type of algae growing in reef areas. The toxin is
transferred to a plant eating fish and then to larger predatory fish
where the toxin accumulates as shown in Figure 14.

Slightly
poisoness fish

Dinoflagellate

More
poisoness fish

Fig 14 Ciguatera and the food chain (After Southern Fisheries Research Centre
Brochure, Deception Bay 4508)
Wet Paper

Reference

Fish that cause ciguatera are moral eels, Chinaman fish, red bass
and paddle tails. Few problems are experienced with these as
they are banned from sale, however, other known carriers are
coral trout, Spanish mackerel, reef cod, barracuda, emperor fish,
grouper, surgeon fish, travelly and kingfish.
Lewis (1991) reports that, "the presence of toxin, even in high
concentrations, does not alter the appearance, smell or taste of
the fish and no known culinary method removes it.
Zooplankton
The permanent members are those who spend their entire lives
as plankton. Permanent zooplankters include such animals as
Lucifer, jellyfish and some copepods.
The most abundant of the permanent zooplankton population are
the copepods. These individuals and other crustaceans make up
70% of total zooplankton population. There are more copepods
than all multicelluar animals combined, including insects. There
needs to be, because they are the most important food source for
countless larger animals such as small fish and large whales.
Copepods must continually use their antenna to stay afloat.

Available in your school archives

404 Chapter 14 Plankton

Wet Paper

A good reference to local plankton can
be found in this publication Edited by
David Tulip and complied by Bernard
Cook, Tony Edwardson and Jack Marsh.
This publication not only deals with
plankton but gives suggestions on Fish
Recognition and Algae of a local area.

Male and female copepods copulate by the male grasping the
female with his antennae. Sperm, in packets called
spermatophores, are transferred to the female receptacle where
her eggs are fertilized. In most copepods, the eggs develop in
masses as shown in Figure 15. After the eggs reach a certain
stage they break free to form larva which grow back into adults.
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Larval stage of a jellyfish
called a medusa

Rows of fine
hairs that beat
in a regular
pattern

Comb jelly fish

Statocysts for orientation

Antenna are constantly beating to keep
the animal afloat

Mouth

Head
Intestine

Tail
A copepod

An arrow worm
Tail

Eye spot for orientation

A copepod with
eggs
A copepod
Egg mass

Eye

Antenna
Tail

Head

Wet Paper

Lucifer
Appendages

Fig 15 Other permanent zooplankton - see how many you can find
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Fig 16 Larval stage of a rock lobster

The temporary zooplankton is composed of members who spend
part of their life as drifting plankton, either as eggs or larvae, and
then later grow into non-plankton adults such as prawns, lobsters,
barnacles or crabs Many other crustaceans, worms, echinoderms,
slugs, jelly fish and sponges have planktonic larval stages. With
the exception of marine mammals and reptiles, nearly every
creature in the sea spends part or all of its life as plankton. Let's
have a look at one - a barnacle.

Wet Paper

Larval stage of a sea urchin
called a pluteus

Larval stage of a snail called
a veliger

Larval stage
called a zoea
First
laval
stage of crab
Larva 2

Larva 1

Prawn planktonic larval stages
Larva 3

Crab planktonic larval stages

Larval stage
called a
megalops
Adult
crab
Adult
prawn

Wet Paper

Larva 4

Fig 17 Temporary zooplankters
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Fig 18 Adult barnacles on a rocky shore.

Larval stages spend most of their life in the plankton

Barnacles
Barnacles are found all over Australia and are commonly found
on our rocky shores as shown in Figure 18. They also occur on
buoys, pylons, floating materials and cause serious fouling to the
hulls of ships. Barnacles have a outside plate called a carina and
feed as the waves wash over them. Pairs of feeding cirri flick in
and out of an opening called an operculum catching other
plankton such as copepods in their fine hairs. The operculum has
four plates which close as waves break. When the wave recedes,
the operculum opens and the feeding appendages are extended
to catch food as shown in Figure 19. Very few other animals can
live, feed and reproduce in such a harsh environment.

Wave washes back
with food

Feeding
cirri

Fig 19 Adult barnacle external structure and feeding (Left illustration after Underwood 1977)
Wet Paper
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Food is taken in by the mouth and passed to the stomach for breaking down. After
it is much smaller, it passes to the small intestine where it is taken into the blood
stream for growth.
Reproduction

Stomach

To reproduce, the barnacle has a testis which
makes sperm and an ovary to make eggs. These
organs are in the same animal as shown in Figure
24 which make it possible for self fertilisation to
take place.

Mouth
Operculum
Intestine

Feeding cirri

Sperm travel to a seminal vesicle where they are
stored and then to a penis located near the feeding
cirri. The female gonopore is an opening into
which sperm can be placed.

Carina
Anus

Rock

Fig 20 Adult barnacle internal digestive system
Wet Paper

The eggs are fertilized and develop in some
species inside the barnacle. When tide and time
are right, the eggs are released and float to the
surface of the sea to become part of the plankton.

These eggs quickly develop into a nauplius stage
(Figure 21) which is characterised by two horns and external feeding cirri.
These cirri catch phytoplankters and using the sugar energy we discussed earlier,
grow rapidly and change into a cipris larvae (Figure 22). This larvae has to find
its way back to shore or onto a solid object and uses its chemical senses to swim
back to shore (quite a remarkable feat for such a small individual).
Shortly before settling it has changed again into a juvenile stage with a stalk. This
juvenile stage lands on the rocks and crawls around (Figure 23). It has the
capacity to recognise the protenaceous substance in the adult barnacles carina and
so can locate other barnacles of the same species.
Fig 21 Nauplius larvae
Wet Paper

It crawls over these and finally settles close by thus ensuring that reproduction
capability with the same species is close by. The stalk helps the barnacle attach
itself to the rocks and grow to the adult stage.

Juvenile stage
settles

Fig 22 Cipris larvae
Wet Paper

From plankton

x
Attachment
site

Juvenile searches for chemicals
on carinal plates to help it
recognise barnacles of the same
species

Fig 23 Juvenile settling behaviour
Wet Paper
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Barnacle Nauplius
stage

Barnacle Cipris
larvae

Barnacle
life
cycle

Rock
Barnacle
Eggs
ADULT

Settles
Penis
Female
gonopore

Oviduct

Stalk
Gut

Egg mass
in mantle
cavity

Feeding cirri
Ovary

Testis

Seminal vesicle

Barnacle newly
settled juvenile

Fig 24 Barnacle reproductive organs and life cycle
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Not all plankton is microscopic. The jellyfish can be seen with the naked
eye, floating with the tide in our estuaries and seas.
Sea jellies

Marsh (1991) says that,
" Jellyfish are not only a
good example of permanent zooplankton, but also
a large number are macroscopic in size. They can
easily be seen with the
naked eye, floating with
the currents and tides in
our estuaries and seas"

Sea jellies or jellyfish have a float, sometimes filled with air (gas). They
can actively swim using the float to pulsate backwards and forwards, as
well as up and down. Jelly fish have tentacles which hang below the float.
The mouth is located under the float also so that as prey are caught in the
tentacles, they can be easily digested.

Sail
Float

Fig 25 Velella - The by-wind-sailor, has
adapted a sail and a float to keep it afloat

Mouth

Wet Paper

Tentacles
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Tentacle
Normal cell

Floating
gas filled
bell

Trigger

Barb

Tentacles
with stinging
cells called
nematocysts

Thread
Nematocyst

Nematocyst
bag

Toxin

Barb
Body of victim

Fig 26 Portuguese Man of War
Wet Paper

Treatment - Jellyfish stings
Treatment these days is to pour vinegar over the sting area. At one stage
ice was recommended and readers
should consult and cover with ice. The
vinegar paralyses the nematocysts
bags, or stops the nematocysts from
firing. The ice relieves the pain.
The most important thing not to do is to
rub the area. This will cause the
nematocysts to fire. Never rub sand
into a jelly fish sting, always take some
vinegar to the beach in the stinger season (summer).
An antivenin is available for swimmers
and was developed by the Commonwealth Serum Laboratories in Victoria.
This antivenin should be administered
by a qualified person only. As it reacts
to immobilise the toxin direct. Further
information is available from the national stinger hot-line at the Townsville
hospital on telephone 008 079 909.A
box jellyfish is shown on Page 85 as is
the treatment recommended by the
SLSA. A national stinger hot-line is
available to all Australians at the
Townsville hospital.
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Tentacles of the jellyfish are loaded with special stinger cells
called nematocysts, and in the Box Jelly Fish, it produces a
poison which can kill humans.
Figure 26 shows the specialisation of these nematocysts cells.
When the trigger is activated, e.g.. when the tentacles brush up
against some prey, the barb penetrates the prey's flesh, the thread
fires out, and the toxin seeps into the open wound. Death to small
animals is instantaneous. Death to humans can be as quick as
three minutes.

Marine bacteria
Bacteria are found everywhere in the marine environment and
are clearly evident when we get coral or rock cuts. They are
extremely resistant to antibiotics and all wounds at sea should be
cleaned and dried so that they cannot multiply in your wound.
Thurman and Webber (1984) recognise four main types, viz:1. Those which work at depths to reduce the dead bodies, faeces,
skeletons and other remains of animals and plant below - they
are called saprobic bacteria and are vital to food webs in that
they return the nutrients, as shown in the figure above, to the
surface in upwellings.
They don't need light and take the organic molecules as a
source of their food.
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Bacillus

Spirillum

Vibro

Pseudomonas

Fig 27 Marine bacteria (After Thurman and Webber 1984)
Wet Paper

2. The chaemosynthetic bacteria can produce body sugars where
there is no light. This is important to the animals who live
below 100 metres who cannot feed on the photosynthetic
phytoplankters above. They provide an energy source for the
dark regions of the sea.
3. The photosynthetic bacteria do not have chlorophyll and are
important in mangrove and salt marshes. They often give it the
characteristic odour.
4. Pathogenic/parasitic bacteria. Yes, fish and marine mammals
get sick just like we do. Dolphins respond to antibiotics as do
sharks and rays. The understanding of sicknesses of animals
is enhanced by sealife parks.

Food chains and food webs
The plankton form a crucial part of the seas ecology and involve
food webs and feed chains. Marine life is tied together by food
chains (eating-eaten relationships).
Larger fish
Sunlight
Phytoplankton

Zooplankton

Small fish

Primary
producers

First order
consumer

Second order
consumer

PRODUCERS

Third order
consumer

CONSUMERS

Fig 28 A typical food chain.
Wet Paper
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Food webs
Organisms that produce their
own body sugars are called
producers.
Organisms that cannot do this
and must eat this sugar are
called consumers.
Later on we will see that there
are first, second and higher
order consumers in the food
chain. Organisms that break
down the sugars are called
decomposers.
Phytoplankters are producer
organisms that trap the sun's
energy and make it available
for use by other animals that
feed upon them.

The food web of the sea, is the total of all of the food chains in the
plants and animal communities. The food chain begins at the “top”
of the ocean, where sunlight provides for photosynthesis as shown
in Figure 28. The plants, marine algae and phytoplankton, use this
sunlight to grow, and give off oxygen. Plants are basic for all animal
life in the marine environment. Without plants, none of the animals
in the ocean would exist as zooplankton feed directly on the
phytoplankton, which, in turn fed on small fish, which are then
eaten by larger fish and so on.
Food webs on the other hand are poorly understood, due to the
vastness of the oceans, the difficulty of study at sea, and limited
resources in terms of staffing and funding of oceanography. What
we know about food webs, tells us that the more feeding relationships
in the web, the greater is an individuals chance of survival.
Complex food web of a mud flat
Pelican
Heron
Large fish

Turtle

Worms
Mud whelk
Prawns
Crabs

Small fish

Eel grass

Wet Paper

Phytoplankton
Zooplankton

Fig 29 Typical food web of a mud flat community (After Ryan 1991)

Food pyramids
The survival of an organism
at each step relies on the
survival of the organism
below it in the food chain.
For example, zooplankton
depend on phytoplankton
to survive. If the population
of the phytoplankton is low,
the small fish population will
decrease, and so on
through the food chain.
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Plants are known as primary produces because they are the primary
food source of food in the food chain. Phytoplankton and eel grass
(see later) are examples of primary producers. Part of their food is
converted into energy for performing the plant’s activities as a living
organism. The remainder of this plant food is stored as sugar and
probably eaten by a herbivorous animal. Animals are consumers and
are placed in groups called orders. The more an animal depends on
plants for its food supply, the lower the order to which the animal
belongs. Since zooplankton feed directly on phytoplankton, they are
called 1st order consumers. Crabs, mud whelks, small fish and
prawns are examples of first order consumers. They are the first of
the animal kingdom to consume plant food directly for energy.
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Sun
100 000 kilojoules

Fourth
order
consumers
1 Kilojoules
Heron
Pelican

Third order consumers

10 Kilojoules

Large fish

Second order consumers

100 Kilojoules

Pelican
Turtle

Worms

Small fish

Prawns

First order consumers
Mud whelk
Crabs

Zooplankton

Small fish

Producers
Eel grass

1000 Kilojoules

10 000 Kilojoules

Phytoplankton

Fig 30 Typical food pyramid showing the decrease in available energy through the energy or trophic levels
Wet Paper

Trophic levels
A trophic level is a position in a food
chain determined by the number of
energy steps.
Each level shown in the pyramid above
is a trophic level.
Energy transfer is accomplished by a
series of steps by groups of organisms known as autotrophs (producers), heterotrophs (consumers) and
decomposers (discussed on page
414)
Marine productivity
The rate at which organic molecules
are produced in an ecosystem is
known as primary productivity. The
producers at the base of the pyramid
are responsible for this. Marine productivity or ecosystem productivity is
discussed in Chapter 17.
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Other first order consumers might include certain types of fish,
molluscs, crustaceans and even whales, that sometimes feed
directly on phytoplankton.
The 2nd order consumers, such as small fish worms, turtles
and prawns, feed on the 1st order consumers. Large fish such as
sharks, and birds are representative of the 3rd order consumers.
These animals feed on lower orders and are in little danger of
being eaten themselves. Several animals fit into two or more
categories depending on what they are eating. Birds, for example
can be 1st, 2nd, or 3rd order consumers.
The producers and consumers can be arranged in a feeding
pyramid like the one shown in figure 30. . If we start with 10,000
kilograms of phytoplankton, then at each step, the weight is
reduced by a factor of 10. So 1st order consumers only receive
1,000 kg, 2nd order consumers - 100 kg, 3rd order consumers
10 kg and if we sat down and consumed 1 kg of fish for dinner,
we would be eating fish that came from the original 10,000
kilograms of plankton. So enormous numbers of individuals are
involved in the seas food chain. This is one reason why the food
chains of the sea should be conserved and managed.
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CONSUMERS
Animals

Photosynthesis

Animal
wastes
Death

PRODUCERS
Phytoplankton
Eel grasses

DECOMPOSERS
Marine bacteria
Decay

Fig 31 The decomposer cycle
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TO THE SEA

Zooplankton occur in all ocean waters, but are most abundant
where there is a lot of phytoplankton. This is because many
zooplankton are herbivores and feed on phytoplankton. In turn,
many species of fish and crustaceans feed on zooplankton. The
fish that eat zooplankton are called “filter feeders” because they
strain out the zooplankton by passing the water over their gill
rakers. These fish include bream, flathead, mullet, perch or
whiting.

Marine productivity

A ecosystem with high
productivity will have a
large number of
producers and so will
support a food pyramid
with high species
diversity

Decomposer organisms
Scavengers and decomposers (microscopic bacteria and fungi)
play a special role in the food chain. All living organisms
eventually die and are decayed and decomposed by microscopic
fungi and/or bacteria called decomposers. Decomposers perform
the important function of releasing the nutrients (phosphates,
nitrates and other minerals) from the dead animals back into the
ocean water. These nutrients are then used by plants for growth.
All organisms of a food chain are linked.

Destroy the producers
and you destroy the
ecosystem

The decomposers represent the final trophic level that reconnects
producer and consumer organisms thus ensuring the cycling of
matter in our world.
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We have already discussed upwellings on Page 298 and their
importance to the sea productivity. Japanese engineers are
experimenting with creating artificial upwellings by using
artificial reefs and making use of undersea currents.

Fig 32 Destroy the plankton and you
destroy the ecosystem
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Seaweeds
The proper name for seaweed is algae. Not all algae however, are
seaweeds, as some live on dry land or in fresh water. Not all
seaweed are plankton.
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Seaweeds are also
discussed in Chapter 16
when we discuss the
Benthos

The most famous sea weed is Sargassum which floats in large
areas of the Atlantic Ocean. As Christopher Columbus sailed
into this area, his crew thought they had run aground. Microscopic
algae are called phytoplankton. Only the marine algae is large
enough to be seen without the aid of microscope. Other seaweeds
are part of the benthos which will be discussed later.

Diurnal migration
Many planktonic organisms in the top 1000 metres of water
spend their daylight hours in deeper water and move towards the
surface at night. Plankton samples at night will reveal a greater
biomass (number of and their weight) of plankton. Phytoplankton
tend to stay near the surface as they require sunlight and lack the
swimming mechanisms like that of the copepod or arrow worm.
Different species of phytoplankton can tolerate different depths
as shown in the diagram below. Quantities of oxygen and higher
order consumers can be regulated by this depth factor.
Because of their vast numbers, wide distribution and helpful
biological activities (such as making oxygen) plankton are
considered the most important inhabitants of the marine world.
All forms of life are directly or indirectly dependant on them.
Without plankton, the sea would surely be wet desert.
Main Ideas
1. Plankton are surface dwelling organisms which move with the ocean currents.
zooplankton (animal) and phytoplankton (plant).

There are two types -

2. Phytoplankton inhabit the photic zone and produce oxygen using light and carbon dioxide. This process is
called photosynthesis and produces over 70% of the earths oxygen.
3. Photosynthesis also produces sugar ( C6H1206) which is stored in the phytoplankters cell walls. This process
introduces energy into an ecosystem at a series of trophic levels. These trophic levels are arranged into a
pyramid, where the energy is lost at each level.
4. Phytoplankters are called producers because they produce this food. Zooplankters receive this sugar and the
associated energy it releases by eating the phytoplankters. They are called consumers.
5. A chain of consumers and producers is called a food chain. A combination of food chains is called a food web.
6. Energy cycles in this web, but is reduced when you move up the food chain.
7. Many adult life forms have their young develop as plankton. A barnacle is an example that has adapted its
shape to withstand the forces in nature.
8. Plankton have many adaptations to help stop them from sinking. Some of these are a size and shape.
9. A jellyfish is a good example of a planktonic animal. The bell helps it float, the mouth and feeding mechanisms
hang down under the float and specialised cells kill the prey and entangle it so that it can decompose before
being eaten.
10.Marine bacteria and viruses are also part of the plankton. Nitrogen fixing bacteria live in the sea and take
nitrogen out of the atmosphere and fix it in their cells so that when other animals eat them, this nitrogen can
be incorporated into proteins inside their bodies.
11.Decomposer organisms help recycle nutrients in the sea. Some decomposer organisms are the identifying
bacteria which return fixed nitrogen compounds to the atmosphere.
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Review Questions:
1. What is the difference between meso, macro and mega plankton? Give an example of each.
2. What size are marine bacteria?
3. Draw a diagram of a plankton net and describe how it works.
4. Draw up a simple table to show how plankton are classified. What is the difference between zoo and phytoplankton?
5. What are three plankton adaptations?
6. Draw diagrams of the Biddulphia sp., Noctiluca sp. and Coscinodiscus sp. Draw a diagram of Ceratium labelling
its flagellum.
7. How do diatoms reproduce? Draw a diagram.
8. What is a "red tide" and what species of plankton causes it?
9. What is the difference between the photic and aphotic zone? Draw a diagram.
10. What is ciguatera? Name the organism that causes it and suggest a possible treatment.
11. Draw diagrams of an arrow worm showing its mouth and intestine; a copepod showing antenna, eye spot, eggs and
tail; a Lucifer showing eye, head, appendages and tail and comb jellyfish showing the rows of cilia hairs that keep
it moving.
12. Distinguish between the larval stages of a sea urchin, snail and rock lobster. Use diagrams to explain your answer.
13. Compare the larval life cycle stages of a prawn with a crab.
14. Draw a diagram of the external features of an adult barnacle and describe how it feeds.
15. Draw a diagram and internal cross section of a barnacle showing the relative positions of the digestive track.
16. What is the difference between the nauplius and cipris larval stages of a barnacle?
17. How does the juvenile barnacle establish itself on a rock?
18. Draw a diagram of the barnacle life cycle.
19. What is a nematocyst? Draw a diagram of how it works to kill other animals.
20. Draw any four examples of marine bacteria distinguishing each from the others.
21. What is a food chain? Draw a diagram to illustrate your answer.
22. What is a food web? Using the individuals listed below construct a possible web of a mangrove swamp.
List: Heron, worms, pelican, large fish, turtle, prawns, crabs, eel grass, phytoplankton, zoo plankton.
23. What is a food pyramid? Draw a diagram to illustrate your answer using the organisms described in Question 22.
24. What is a trophic level? Give an example.
25. What is the difference between a heterotroph and an autotroph?
26. How does a decomposer fit into an energy pyramid?
27. How does the sun's energy enter a food pyramid?
28. Why are phytoplankters important to a food pyramid?
29. How is energy lost in a food pyramid and what relationship does position on the pyramid have to do with size?
30. What percentage of the world's oxygen do the phytoplankton supply?
31. What role do you think phytoplankton play in the reduction of greenhouse gases?
32. What types of seaweeds are phytoplankton?

Study Assignments
1. Design a poster showing the first aid procedure for marine stingers.
2. What types of marine bacteria affect dolphins and what is the method of treatment?
3. Can phytoplankton be farmed and if so who is farming them?
4. What is ciguatoxin and how is it treated?
5. Suggest a possible relationship between the decline in turtle populations and the increase in marine stingers.

416 Chapter 14 Plankton

Marine Studies Copyright Wet Paper 2014

Activity 1 Phytoplankton and Zooplankton
You will need
*

A stereomicroscope (you may share this with your class)

*

A monocular microscope (you may share this with two others)

*

Good drawing paper, pencil and an eraser

*

Reference books (Like the one mentioned on Page 404)

*

Petri dish, 2 microscope slides and coverslips

*

Preserved or fresh plankton samples

What to do
Part A The Stereomicroscope - this is for mega, macro and meso plankton)

A steromicroscope is shown in Figure 2, Page 400)
1. Take about 1 mL of sample and place it in the petri dish and examine under a stereomicroscope.
Record as many different shapes as possible
2. Select 6 to 10 plankters and mount them on 2 microscope slides.
Part B: The Monocular Microscope and Permanent Plankters - for Microplankton
(A monocular microscope is shown below)
1.

Focus on low, medium and high power, to attempt to locate permanent phytoplankton and zooplankton (your teacher
will help you with this).

2. Draw as carefully as you can each of these.

Wet Paper

3. Use reference books to identify each, and assign labels to parts. Try to find prawn, crab, barnacle or fish larvae
stages.

Fig 33 Old monocular
microscope for viewing
microplankton

Activity 2 Jellyfish Arms
Try to obtain a tentacle from a jellyfish and press it onto a microscope slide. Look for the nematocysts.

Activity 3 Make a plankton net
Look at figure 34 over of a handmade plankton net. (Net in photograph made by Ann Coopersmith)
Collect an old stocking, some coathanger wire, needle, thread and small bottle. Now make your own similar to the
photograph above. When towing the net through the water make sure your boat is travelling at a slow speed.
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Make a plankton net
A more elaborate but very efficient plankton net.

To make the bottle arrangement, look under your house sink
and you will notice a male and female pipe connection. The
bottom of the sink (3) is the part you connect to the bolting silk
with a screw clamp. The pipe that screws out of the sink (1)
and the fitting (2) becomes the plankton bottle . Have your
plumber seal off the end of about 300mm of pipe and then cut
five or six slits in the bottle (so the water can come out). Now
seal over these slits with bolting silt off cuts with araldite and
that's it. Make sure your knots are good because a lot of effort
has gone into the making.

Wet Paper

Another type of net can be made by purchasing the proper
bolting silt. See Selby Addresses end of last Chapter. The
bolting silt (4), is then cut into a triangle and a hem (6), stitched
on with eyelets (7) to allow draw string to pass through. This
drawstring is wrapped around a stainless hoop (5) which is
made by purchasing some stainless steel and bending it
around a drum. Take this to a welder and have three stainless
eyes (8) welded on. Now buy some chain, shackles and rope
and you have all but the bottle.

Fig 34 A simple plankton net - wire, stocking and bottle

Fig 35 More elaborate but longer lasting marine plankton net
Wet Paper
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Content

Process skills

●

Key terms applied to the marine environment

●

Discuss some inter-relationships between
marine organisms.

●

Gross anatomical structure of two
marine organisms from different phyla

●

Observe adaptations in various marine organisms

●

Potential resources that can be derived from the sea

●

●

Three types of industry based on the
sea

Describe characteristics of the marine environment which make these adaptations of
value

●

The positive and negative effects of
commercial exploitation of the sea

Interpret data concerning the economic
value of marine and maritime industries

●

Identify potential commercial applications
of the sea and describe the current barriers
to their development

●

●

International conventions on the law of
the sea and their implications

Nekton

Classification
Adaptations
Squid
Sharks and Rays
Bony fish
Commercial fishing methods
Recreational fishing
Bringing the catch to the table
Management of fish resources
Turtles
Birds
Marine mammals
Activities and experiments

Skills

Attitudes

●

Dissect a marine organism to display
and identify the main internal and external features

●

An understanding of the relationships
between abiotic and biotic resources of
the sea

●

Use appropriate sampling equipment
with due care for sound conservation
practice

●

An appreciation of the finiteness of the
biotic resources of the sea

●

●

Pencil sketch an organism from the
marine environment

Acknowledge the obligations of those
engaged in the industry to the community
as a whole for the use of a shared resource
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Classification
People who work in the marine environment often talk about
marine seaweeds, crustaceans, mammals, molluscs, vertebrates
and invertebrates. Although not strictly correct, these words
serve as a useful way of classifying the enormous variety and
diversity of marine life. The scientific system of "Bi-nomial
nomenclature" where individuals are places in Phylum, Class,
Order, Family, Genus and species, is not dealt with in this book.
Some consider it more important to become aware of how each
individual fits into the ecosystem, rather than how it fits into its
classification. This is not meant to downgrade the importance
of classification, merely a convenient way of dealing with a vast
body of knowledge. A simple system is shown in Figure 1,
using these common terms and a "marine family tree".

Dugongs
Whales
Octopus

Crayfish

Squid

Scallops

Dolphins

Prawns

Oysters

Lobsters
Seals

Snails

Crabs
Copepods
MOLLUSCS

CRUSTACEANS

Segmented
worms
Jellyfish
Corals

Round worms
WORMS
Flat worms

Sponges

MAMMALS
Birds

Sea
urchin

Turtles and
sea snakes

Bony fish
Starfish
VERTEBRATES

Rays and
sharks
Algae

Protozoa
INVERTEBRATES

ANIMALS

A classification of
marine life

Seaweeds

PLANTS

Bacteria

Benthos
Nekton
Plankton

Fig 1 One system to classify Marine Life (After
Oxenhorn and Goldfield 1975)
Wet Paper
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Ever since “Jaws” and "Moby Dick”, the Nekton have been famous.
This group includes the animals that swim freely in the sea from top
to bottom. Some live very close to the bottom and are called
Demersal while others move freely between the middle and upper
layers of the estuary. These are called Pelagic. Types of Nekton
include Sharks, the bony Fish, Turtles, Sea Snakes, Dolphins,
Whales and Squid. In this chapter you will learn a little about each
and discover how humans seek to manage their population for
commercial and conservation purposes, but first let us have a look
at where nekton live and some of their adaptations.

Adaptations
Shape

plasticine shape

glycerine

Fig 2 A streamlined shape falls quicker

To swim through this environment animals must have a streamlined
shape and individuals have some form of streamlining. We can
investigate this with a cylinder filled with glycerine. If three shapes
are made and dropped, we find the one with the pointy tail falls
fastest. But why?
If we take the three shapes and place them in a stream tray and pass
water over them we find the answer. Drops of condy's crystals
placed in the stream show that behind the square shape large
disturbances occur, whereas the streamlined shape shows an even
flow of water.

Wet Paper

plastic tube with water
flowing past condys crystals bag

condys crystals bag

plasticine shape
3

tray

2

1

Fig 3 A streamlined shape shows least drag
Wet Paper
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Physiology

Osmosis
In order for water to enter cells, it has to pass through a cell
membrane. The mechanism which regulates this is called
osmosis.
The membrane through which the water moves is called a
semipermeable membrane. It allows some substances
through while inhibiting others, e.g. water can pass through
easily but salt has a greater difficulty.
Substances tend to move from a region of high concentration
to a region of low concentration. This movement of molecules is called diffusion.
The diffusion of water will depend on there being a difference
in concentrations on either side of the semipermeable membrane as shown in Figure 4. Applying the laws of diffusion,
water will diffuse from an area of high concentration to an area
of low concentration. Salts are actively excreted by the gills of
salt water fish These fish produce very little urine.

Saltwater fish
continually drinks
seawater
very little urine
Outside fish
Seawater

Excretion.
Salt and water balance
concentrations are important and animals have
to rid their bodies of harmful concentrations of
urea in the form of urine. To do this, water is
used in conjunction with an excretory system.
In marine birds, salt concentrates in glands and
is washed off. In salt water fish, large quantities
of water are used to "flush the system" and so
the fish actively drink salt water. This
continuous drinking of sea water increases the
water concentration in the blood. This water is
lost by osmosis as shown in Figures 5 and 6 and
explained in the box opposite.

continually drinks
seawater

steady water loss
by osmosis

Inside fish
Blood
Water and salts
diffuse out by
osmosis

Low water
concentration

High water
concentration
Semipermeable
membrane

salts actively excreted by
gills
little urine

Freshwater fish
continually excretes
seawater
with lots of urine
Outside fish
Seawater

Inside fish
Blood

Fig 5 Marine fish excretion
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steady water
uptake by osmosis in gills

Water and salts
diffuse in by
osmosis

does not drink
High water
concentration

Low water
concentration
Semipermeable
membrane

Fig 4 Comparison of physiological adaptations of fresh
and marine fish

salts actively
absorbed by
gills

Wet Paper

Freshwater fish do not drink water because the water in their
blood has high concentrations of salts causing water to be
taken up automatically in the gills by osmosis as shown in
Figure 4. This water has to be removed by the urinary system
and excreted as part of the urine.

large amounts of
dilute urine
Fig 6 Freshwater fish excretion
Wet Paper
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Circulation. The larger the animal
is in the neretic zone, the greater its
need for an efficient oxygen supply.
Fish use gills whereas turtles, sea
snakes, birds and mammals use
lungs. There has to be special adaptations for this to occur. Oxygen
from the air is extracted by a respiratory system. Oxygen from water is
extracted by a gill system as we
shall see later on Page 432. As
oxygen concentrations are affected
by pollution, it is very difficult to
avoid death in a polluted estuary.

Buoyancy
There is the constant problem of sinking for nekton. To counteract
this many animals swim all the time however a large amount of
energy is used in the process. Others use an inbuilt buoyancy device
called a swim bladder, as shown in Figure 23, Page 431. Some
animals have a parachute shape of body to help them, and some
sharks actually gulp air at the surface to buoy up their stomachs.
Many fish larvae have oil drops and the cuttle bone of the squid is
light to assist its buoyancy.

Squid
These animals belong to a group of animals called the molluscs (see
Figure 1). They are closely related to the octopus and the cuttle fish.
Most of you would have seen a cuttlefish “bone” on a beach. The
equivalent to this for the squid is called the pen. This is the only
remains of the shell that once covered these animals. Other animals
in the Mollusc group have shells (e.g. Cowries, Limpets) and are
discussed in the Chapter on Benthos. The animal has a eye, mouth,
head, arms and tentacle all arranged for feeding at one end and have
a ferocious feeding pattern. Squid make excellent bait for the
fishermen or exquisite restaurant delicacies. Many interesting
experiments have been done on their cousin the Octopus and its eye.
Scientist have found that Octopus can discriminate between shapes
and can learn in a maze. A great deal of our current understanding
of nerve function is based on the squid giant nerve fibres.

mouth

arms

tentacle

eye

male
female

juvenile

mantle

shell
egg bundle
Fig 7 Squid external features

Fig 8 Squid reproduction (After Niesen 1982)
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Squid live on the continental shelf and have a long elongated
body with triangular fins extending along a quarter of the body.
Some squid can grow up to .75 of a metre and weigh up to 1.5
kg (Source Aus. Fisheries). The common Pacific Squid
congregate and mate in large groups. According to Neilson
Marine Biology Colouring Book Page 65, " A male approaches
a prospective female with his arms and legs ablaze with red and
white markings and changes to generally solid maroon when
actual copulation ensues."
"The animals mate either head on or with the male grasping the
female from under the left side" Using one of the tentacles, the
male picks up sperm in a packet called a spermatophore,
delivered from his penis and transfers it to the females mantle
cavity. He holds the tentacle there until the sperm from the
spermatophore are released into the females body. The sperm
swim inside the mantle to fertilize the eggs of the female.
Fig 9 Calamari (Courtesy Markwell Fisheries)

Copulation lasts about 10 seconds. Following mating the
female produces long cases containing the fertilized eggs. The
cases swell and become firm when in contact with sea water.
The young squid develop inside the cases and emerge as
juveniles as shown in Figure 8.

1. Loosen the tentacles and body
from the hood and gently pull out
the head and intestines

Calamari
Australians now like to eat
calamari or squid rings. The
mantle of the squid is stripped
and the calcareous mantle
sheath is discarded. The
mantle is then cut up into rings.
The rings are then battered
and deep fried for 1.5 - 2
minutes at 1800C.

Fig 10 How to clean a squid
(Illustrations courtesy Qld Fish
Promotions Unit PO Box 344
Fortitude Valley Q 4006
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2. Remove the quill and
backbone and peel off loose
coloured outer membrane
3. Rinse thoroughly and use as
required

4. Honeycombed
Slit down the side of the hood and flatten out.
Make cross slashes 3/4 way through flesh
and then cut into sized pieces. Also
cut the tentacles off from just
below the eyes and remove
beak from centre, rinse
tentacles under cold water and
its ready for cooking
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Commercial methods of catching squid
Squid are caught on jigs which are long fishing lines with lures
and hooks that are wound on a jig as shown in Figure 11. Lights
help attract the squid who are voracious eaters and will attack
anything from crustaceans to small fish. They school and are
easily attracted by the lure and the light of the trawler. It is just
a simple matter of winding them in once they are found.
According to an article in Australian Fisheries, the major
indicators used in squid detection are:• Areas where dense concentrations of zooplankton are found.
• Thermoclines tend to attract a variety of organisms. A ships
bathythermorgaph is used to detect this
• Echosounding.
Once the squid are caught they are placed on trays and frozen to
about -400C. Larger squid usually end up on the table and
smaller ones are sold as bait for tuna long line fishing or
recreational fishing.

Fig 11 Squid jig and frames (Photographs and illustrations courtesy of Australian Fisheries)

Fish
Spiracle
In rays and skates, the gills lie on
the underside of the head. Instead
of taking water in their mouths as
do sharks, the rays take the water
in through two openings called
spiracles, lying on top of their head
in the back of their eyes. Each
spiracle is fitted with a special valve.
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There are three major groups of fish:• Fish with no jaws (The Agnatha) such as the lamprey and
hagfish.
• Fish with gristle or cartilage skeletons - the cartilaginous fish
(The Chondrichthyes)
• Fish with bony skeletons - the bony fish. (Osteichthyes)
Sharks and rays
Rays Rays have their mouth and gills on the ventral surface as
shown in Figure 12 whereas sharks have their gills on the side
and spiracle in the head as shown in Figure 14. Rays are well
Marine Studies Copyright Wet Paper 2014

adapted to a duel life. While feeding on the bottom, they have a ventral
mouth and dorsal eye. They are light underneath and dark on the
surface so that when viewed from above they appear like the bottom and
viewed from underneath - look like the surface waters.
Eye

Nostril

Flap

Spiracle

Mouth
Gill slits

ventral view

dorsal view

Ventral fin
Tail
Dorsal fin

Clasper in
male only
Barb

Fig 12 A stingray and ray general external features
Wet Paper

Sharks There are 250 species of sharks found all over the world.
While some of the species prefer shallow water, others are found
in water as deep as 3000 meters.
While some sharks and rays may look like fish, they are not true
fish as they have a skeleton made of cartilage instead of bone.

embyro

Sharks breathe through gills, as fish do, but their gills are behind
their heads, slightly above their pectoral fins. Most sharks have
five gill slits, although a few have six or seven. When the fish
breathes out, the valve is shut off and water is forced out through
the gill openings on the underside of their flat bodies.
yolk sac

Fig 13 Developing ray embryo (After
Lerman 1989)

Sharks lack air bladders (sacs filled with air that help keep fish
buoyant). Because sharks don’t have air bladders, they have to
continuously swim or they will sink, which many of them do
when they are resting.

Wet Paper

1st dorsal fin
spiracle
eye

lateral line

nostril

2nd dorsal fin

gill slits
pectoral fin

pelvic fin

anal fin

caudal fin

Fig 14 The Shark - external features
Wet Paper
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Reproduction Sharks and rays have varied breeding habits.
Unlike bony fish, they reproduce by internal fertilization.
male
pelvic fin

clasper

female

Fig 15 Make claspers
Wet Paper

Fig 16 Copulation in sharks
Wet Paper

Some sharks and rays lay eggs which are covered by hard cases
that protect them while they develop. In others, the eggs hatch
within the mother and the young are born live. A tiger shark may
produce as many as 50 young in one litter. Sharks skin is rough,
made up of thousands of tiny “teeth” or scales called placoid
scales which are modified teeth (see Figure 17) . These sharp
scales extend into the animal’s mouth, where they are modified
into rows of sharp teeth. As soon as a tooth breaks off or wears
out, another takes its place. It is estimated that in the course of
ten years, a shark may produce and shed 24,000 teeth.

Fig 17 Shark - placoid scale
Wet Paper

olfactory pit

How do sharks find food? Sharks have an incredible sense of
smell that lets them detect the blood of an animal more than half
a kilometre away, or the body fluids of a dead tuna although it
is diluted to one part in the half million. The inner surface of their
organ of smell, called the olfactory pit, has many thin folds.
These leaf-like folds, called lamellate, are constructed so that
the water from the outside constantly flows over this sensitive
surface. As each shark gets closer to its prey, its sense of hearing
takes over. Sharks possess a highly complex system of pressure
sensors called the lateral line system. This system allows them
to “feel” vibrations in the water such as those which a struggling
or injured fish might make. Finally, when a shark gets within 15
meters of its prey, it can see what it has been smelling and
feeling.

Fig 18 Finding food
Wet Paper
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Bony fish

Management of sharks
Of the 250 species of sharks, only
about 24 are potentially dangerous to
humans.
Along the coastline of Australia shark
meshing programmes operate to protect swimmers in the surf.
Contractors are allowed to catch
sharks by either nets or lines of up to
3 - 4 meters.
The catch numbers since 1969 declined for some years, but have increased again. The shark nets also
catch dolphins, turtles and other protected marine animals.
Why not write to Sea World Australia,
PO Box 190 Surfers Paradise for their
brochure on Sharks and Rays or
GBRMPA for their Shark brochure PO Box 1379 Townsville.

The bony fish include up to 40 thousand species of fish. These
include cod, whiting, flathead, perch, bream and many, many
more. The fish of this group have bony internal skeletons and a
single pair of external gill openings. Fertilization may be internal,
but usually is external.
External features
Fish have fins to assist movement through the water. The pectoral
fins can be used individually to turn the fish in either direction or
control the up and down movement. Together, these fins act as
brakes, or when used in a reversing motion, they allow the fish to
swim backwards. The ventral fins are used for braking and
steering. The pectoral and ventral fins are paired
Fish also have three unpaired fins- the dorsal, anal and caudal.
The dorsal (back) fin may consist of two parts, the first spiny, and
the second one soft, or the entire fin may be composed of soft rays.
The number of rays in a fin are often used to identify fish. Also
the dorsal and anal fins are used like a keel or rudder to stabilise
the fish. The caudal fin or the tail fin is used to give the fish power
to move through the water.

radius
anterior dorsal fin

circulus (growth ring)
operculum
(covers
gills)

annulus (age 2)
annulus (age 1)

posterior dorsal fin

eye

focus

exposed portion
of scale

caudal fin

nostrel

pectoral
fin
ventral
fins

anal fin
myomere
(muscle
sections)

lateral line

Fig 19 Bony fish external features and scale
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Scales Most fish have scales. Fish are scaleless when they are
hatched but develop scales in the first year. Scales serve as a
protective covering and provide further protection against
bacterial infection. All fish secrete a slimy coating. There are
four types of scale. Placoid scales are the type found on sharks
and rays, and are small tooth - like in shape. Ganoid scales are
found on gars are shiny and plate - like, and are found on
overseas fish.. Cycloid scales are found on sole, and are over lapping scales. Ctenoid scales are found on most bony fish and
have comb - like edges.
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Scales grow from pockets in the skin with growth being marked
in rings as shown in Figure 19. In winter, growth is usually less
and rings are closer together, forming annulus or annual rings.
These can be counted like a tree, and the number of rings tell the
age of the fish.
Skeleton
Fish have three skeletal parts; the skull, vertebral column and the
fin skeleton. The skeleton provides support to the body, protection
to the brain and an attachment place for muscles.
dorsal spines
vertebral column

orbit
upper jaw
orbit

lower jaw
pectoral girdle

Fig 20 Bony fish - skeletal system

ribs

pelvic girdle

caudal spines
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Fish with large mouths and long, sharp teeth are carnivorous.
Some deep ocean carnivorous fish have a large enough mouth to
swallow fish almost as large or larger than themselves. This is
an adaptation for survival in a habitat where food is scarce.
Feeding
Those with smaller mouths and cutting teeth are generally plant
eaters. Those with molar teeth eat primarily shell fish.
jaws

teeth

algae

Fig 21 Parrot fish - jaws and teeth
Wet Paper
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Those with large lips and toothless mouths are suckers and suck up their
food.

mouth
sea urchin
spines

sea urchin

worm
Fig 22 Longnosed butterfly fish - modified jaws and mouth
Wet Paper

Fish with toothless mouths and well developed gill rakers are plankton
feeders, taking in water through their gills and straining plankton out.
Sardines and anchovies are well known examples of plankton feeders.
The pharynx is located in the gill region. It connects the mouth to the
stomach. This organ is very stretchable so that it can accommodate
anything the fish can get into the mouth. The stomach (or gullet) is the
place where much of the digestive process takes place.

Gill rakers
These are specially modified feather like structures
which move over the gills of
a fish moving food back into
the area behind the mouth.
From here it can pass to the
oesophagus and stomach
for digestion.

Digestion
In carnivorous fish, the stomach is quite long, and in omnivorous fish,
it is sac - shaped as in humans. The pylorus is a constriction between
the stomach and intestines. It opens to let the food pass into the intestine
for further digestion.
Swim bladder
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Mouth
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Oesophagus

Intestines
Stomach

Fig 23 Generalised fish - digestion
and swim bladder

Pylorus

Wet Paper

Marine Studies Copyright Wet Paper 2014

Chapter 15 Nekton 431

Those fish with short intestines are carnivorous. Those with long
intestines are herbivorous. Digested wastes are eliminated from
the intestine through the anus.

Excretion
Figure 25 shows the kidneys which
extract urine from the blood. These
organs control the water balance in
the fish and allow the fish to compensate for changing salinities.
The kidney is connected to the
outside by the urinary duct.

Circulation
Bony fish breathe through gills, which are best observed by lifting
the gill cover, the operculum, and peering under it, but can also
be seen from the mouth.
Water passes through the mouth and over the gills where some of
the oxygen dissolved in it is removed.

operculum
open

operculum
closed

water
in

valve open

valve closed

water
out
water

gill

Fig 24 Fish gills and role of operculum
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Blood is circulated by a two - chambered heart as shown in
Figure 25, and passes through the gills, where it receives a fresh
supply of oxygen before coursing through the remainder of the
body. The swim bladder, a thin - walled sac, also aids breathing,
in some fish as well as keeping the fish buoyant. In some cases
the air bladder is connected to the oesophagus and in others it is
a separate organ.
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Fig 25 Fish gills and circulation
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lens

cornea

A well developed eye with an almost 360o vision, is one of the
adaptations that help the fish survive.
Reproduction

iris
retina
optic
nerve

190
0

In some fish species, it is often hard to tell the difference between
males and females . "Barramundi for example mature as males
from 3 to 5 years, at which time they are about 700 mm long. After
spending several years as a breeding male, the fish changes sex to
become a fully functioning female. This is known as sex
inversion and occurs when the fish is 6 - 8 years old and about 800
mm long. Large barramundi are nearly always female. During
the breeding season adult barramundi move downstream into the
salt water reaches of rivers, creeks and coastal shallows. The fish
often breed in shallow water on incoming tides during evenings
of a full or new moon. Males and females come together to
spawn. The male produces sperm in his testis and releases it into
the water in the vicinity of the female.

Fig 26 A fish's vision
Wet Paper

Fig 27 Fish reproduction
Wet Paper
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Some fish spend part of their life in fresh water and part in salt
water. These are the andromous fish. Salmon are the best
known fish which travel hundreds of kilometres to spawn.
These fish must have the ability to regulate their salt intake

Ed fish
For a more detailed look at
Barramundi Write to the Qld
Department of Primary Industries and ask for the Ed Fish Kit.
GPO Box 46 Brisbane 4001.
Fish for the future
Why not write to MESA, (see
page 599) for their booklet on
Fish for the Future.
Local
Department of Fisheries have
brochures, and books as well.
Find out their address from the
phone book and write for their
brochures.

Commercial Fishing Methods
Australia is surrounded by some of the world’s largest oceans
but it's fisheries resources are confined mostly to the relatively
shallow waters of the continental Shelf. The term Fishery is used
to define an area used by fishermen to catch their fish. To protect
our fisheries, Australia declared the Australian Fishing Zone
which is an area extending 200 nautical miles out to sea off the
coast.
The Australian Fishing Zone
In 1979 Australia proclaimed the 200 nautical mile Australian
Fishing Zone, an area which covers 7 million square kilometres
of ocean territory.

The Australian Fishing Zone

Ne

wG

uin

ea

Australia
Norfolk
Island
Lord
Howe
Island

Australian Fishing Zone
(Also includes Christmas,
Cocos and Heard Islands)

Protected Zone
(Australia and New Guinea)

Macquarie Island

Fig 28 Australian Fishing Zone. (Source CSIRO)
Wet Paper
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200 miles
Exclusive economic zone

Fig 29 Australian Fishing Zone sometimes called EEZ
Wet Paper

Implications
Claiming such a large Area is one
thing, managing it is another. This
zone is owned by Australia and anyone who enters is governed by Australian Law. Fishing agreements and
the ownership of minerals is negotiable under Australian Law.
Positive and negative effects
Australia now can use its AFZ to
protect valuable marine life. In the
1990's a project called oceans 2000
will address the issues of making one
big marine park around Australia.
Many people who use the sea will feel
threatened by this new idea of management, however, realise its importance. The continental shelf and slope
are rich in fish and mineral resources
and represent an untapped potential
for Australian prosperity. The challenge to marine conservationists will
be to manage and develop this new
resource.

Fishing in Australia is limited to small family groups or
cooperatives. There is nothing like the large ocean going vessels
of the Russia. or Japan which go to sea for months at a time
stocking a mother ship. Our fishing vessels operate on the
continental shelf taking fish by using a variety of nets, traps or
lines. Dynamite and poison fishing is not allowed in Australia.

Fisheries
Commercial
Fish that live near the sea's surface are called pelagic fish and are
usually fast swimmers like the Australian salmon or tuna. These
are usually caught on baited or lured lines dragged behind a boat
(trolling) or by poles as shown in Figure 31.

Flathead
0m
continental shelf

continental slope

International conventions
The law of the sea generally states
that each nation has the right to claim
an exclusive fishing zone up to 200
nautical miles. In some nations, this
is referred to as the exclusive economic zone or EEZ. Because many
countries overlap this area, a series
of international meetings concerning
the laws of the sea were held in the
1980's and most of the conflicts have
now been resolved. Just imagine the
fun they would have had in the North
Sea!
See also Chapter 19
A more complete discussion of implications, international conventions and
positive and negative effects is given
in Chapter 19

Jackass Morwong

150 m
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340 m
Gemfish
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Dory

Royal red prawns

540 m

720 m

Fig 30 This diagram of a NSW fishery shows how different species are
caught at different depths on the continental shelf (Source NSW Fisheries)
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Pole fishing for
tuna

squid
feather
jig with
barbless
hook

swivel

Trolling

Fig 31 Commercial fishing methods (After NSW Fisheries)

Lures

Fizzer

A baited line has some form of live or dead animal. A lure is an
artificially made bait. Lures are used by many recreational
fishermen to attract pelagic fish, the idea being that as the lure
is dragged through the water it will rise and fall like a swimming
fish. The larger predators like tuna will be fooled and take the
bait. Trolling or lure fishing requires the boat or fisherman to
make the lure move at speeds similar to the fish's normal food.
Nets

Bladed spinner

Pelagic fish can also be caught with nets and the Danish seine is
one traditional method as shown in Figure 32.

Popper

Metal tuna jig

Fig 32 Danish seine (After NSW Fisheries)
Paddler

Fig 33 Lured types (After Fishing World Nov
1989)
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Figure 34 illustrates the method. "In this method a buoy is
dropped [1] and the boat begins to pay out a line. [Near the end
of the rope, [2], the boat shoots the net, turns and returns to the
buoy where the first rope is picked up [3] and the boat begins to
steam slowly ahead. The action of the ropes, [4], guides the fish
into the net." NSW Fisheries.
Marine Studies Copyright Wet Paper 2014

Fig 34 The Danish seine - as described on the bottom of Page 436 (After NSW Fisheries)

When the ropes and net are almost closed
the net is hauled in and winched up. The
end of the net containing the fish is
called the cod end, and this has a rope
called a draw string.
The cod end is positioned over the deck
by the use of cables, winches and a
gantry. The draw string is pulled so that
the fish fall out on to the deck or sorting
tray.
The fishermen then sort the fish out and
return protected species to the sea.
Fish for which they have a licence are
then placed into trays.
Fig 35 The cod end (After NSW Fisheries)

Some positive and negative effects
of the AFZ

Positive
*

More control for Australia

*

Possibility of Australian Marine
Park

*

We are able to "lease our waters" to foreign vessels

Negative
*

Disputes between nations

*

Incompetence of one nation to
manage its EEZ

*

Activities in one EEZ may affect
productivity in another

Fig 36 Sorting fish into trays on deck (After NSW Fisheries)
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gantry
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radar
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net
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tray

otter board
To
net

To
net

Fig 37 Plan view trawler rigged with otter boards
Wet Paper

Another method involves the use of spreading the net with otter boards as shown in Figure 37. This is called
trawling and involves a different boat rig. Here the gantry is modified so that two extension arms can be
lowered over the sides of the fishing vessel. The arms carry cables from a winch. At the end of the cables
is the net but closely following are two boards called otter boards which spread the net apart.
The advantage of this net is that it can be shot away immediately without the need for circling as in the Danish
seine and can be weighted so that the net can work at a deeper depth. A similar principle is used for bottom
trawling discussed next chapter. Other fishing methods such as trawling long lining, trapping or
recreational fishing shown in Figures 38 and 39. Some demersal fishing require the use of deep nets or lines
and employ similar methods as shown in Figures 38 and 39.
Trawling fish

Long lining

shooting
the net
buoys

glass
float
ganging
line

Beach seining
beach
boat
floats

Fig 38 Other fishing methods (illustrations
courtesy NSW Fisheries)
net
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Drop lining
buoys

floats
glass
float

Trapping
cork float
1800 mm

weight
Fig 39 Other fishing methods (illustrations courtesy NSW Fisheries)

References
The topic of fishing and fishing methods is enormous possibly
due to the fact that fishing has been such a time honoured
profession and in many countries the sole source of food for a
village. Each state will have either a Department of Primary
Industries or Fisheries who have publications for commercial
and recreational fishermen. An example is shown in Figure 40 as
are other references found in the MESA publication in Figure 41

For information
about MESA refer
to Page 599

Fig 40
An example of a state
publication. Other publications in
this series are:
* Gear and Net Technology
* Seafood handling
* The seafood quality book
Available from
Qld Fishing Management Authority
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Fig 41 An example of a MESA
publication.
This publication
contains addresses of State and
Commonwealth Departments as
well as many activities that can
be done on fish and fishing
methods. Available MESA
Secretary - see resource list at
end of book
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Recreational fishing
Based on original teaching notes by Dave Claridge, Maryborough SHS.
Fishing is one of the most popular sports and pastimes in Australia and contributes
greatly to the economy.
Fishing rods
These are mostly made from fibre glass. Before the 1960's cane was commonly
used and split cane (made by gluing together hexagonal sections) is still used for
fly fishing rods. When tubular fibreglass was developed, it sparked a revolution
in design and technology . Rods can now be designed for almost any purpose.

Wet Paper

Some common terms associated with
fishing rods are:Mandrel
-

the steel blank on which the fibreglass rod is made.

Fig 42 Fibreglass blank from which rods are made

Blank
-

the fibreglass shaft which is used
for the rod

soft action

medium action

tip action

Action
-

power butt

the behaviour of the rod when in
use. It may be:
fast (whippy tip action used mainly
for lure fishing).
slow (very soft action, the rod
bends evenly for the whole length,
used mainly for fishing with soft
baits e.g.; prawns.
medium (a combination of the
above)

Cut of cloth determines the action, shape of the mandrel determines the taper

Fast taper - short rod

Fast taper - long rod
Medium taper - short rod

Taper

Medium taper - long rod

-

Slow taper - short rod

the shape of the rod, used sometimes in place of action

Slow taper - long rod

Fig 43 Different shaped pieces of fibreglass cloth wrapped around a mandril will produce rods of different action. The one
on the left will give a soft action whereas the one on the right will give a fast action
Wet Paper
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Fig 44 Runners (left )- carry the line from the reel to the rod tip. Winch fittings (right) is what is fitted to the butt of the rod,
which holds the reel in place
Wet Paper

Fishing Reels
Some additional terms associated with
fishing rods are:Winch fittings
-

made of chromed brass, aluminium
or graphite (used as a base for the
reel foot).

Runners
-

carry the line from the reel to the rod
tip. Materials used include wire,
stainless steel rings, porcelain and
aluminium oxide.

Friction coefficient
-

the amount of heat generated by the
fishing line as it passes over the
runner.

A reel is designed to hold the fishing line and comes in several
types.
The line can leave the reel in a number of ways: As a spiral such
as in side cast or threadline or straight out in overcast reels.
Side cast. - Some consider this to be the best reel for fishing off
a beach or rocky platform. Maintenance is minimal and is easy
to use.
Threadline - The most popular reel world wide and easiest to
use. Requires regular maintenance. In both of these the line is
cast with the spool at right angles to the rod so that the line leaves
in large spirals.
Overhead reels - range in size from massive game reels used for
trolling to small single handed reels. The line is released by
releasing a brake on the spool and the line leaves a rotating spool.

bail harm
antireverse
catch

front drag

handle

Rear
drag

Bail arm roller

Body

Fig 45 Main parts of threadline reel. (After Claridge 1991)
Wet Paper
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Fig 46 Overhead reel (left) Alvey sidecast reel ·right) Photographs courtesy D. Claridge.

Terminal tackle
Terminal tackle

The idea is to make the bait or lure you use behave like the fish's natural
food. To do this a great variety of tackle is used some of which is described
below.
Hooks - vary in shape and size depending on their intended use. They
should be kept sharp and used carefully. As a rule a big hook will catch
a big fish.
Swivels - these stop the line from twisting. As a rule light lines use small
swivels.

Free running sinker

Fig 47 Rocky bottom tackle
Wet Paper

Sinkers - vary in shape and size depending on their intended use but should
always be the lightest possible. The idea is to take the bait to the bottom
so that the bait appears natural and not to anchor it there.
Lures. A lure could be described as a lie told to a fish by a fisherman. Any
fish which is a potential predator will take a lure because a lure represents
either food or an intrusion of another fish into its territory. Now, the secret
of lure fishing lies in the presentation of the right kind of lure at the right
time - the selection of the lure depends on the species being targeted, its size
and feeding habits and the habitat of the target species. There are many
types of lures some of which are:• Poppers are aimed at surface feeding predators. They are usually cast
and retrieved along the surface to create a splashing action to imitate a
frightened bait fish.
• Spinners or spoons are silver or metallic and come in a infinite variety
of sizes, shapes and weights and may be cast or trolled and imitate small
bait fish.
• Jigs are fished vertically and are aimed at predators which feed close to
the sea floor.
• Minnows - can either float or sink. They imitate the swimming action
of a small bait fish and are considered one of the most versatile of the
types and can be cast or trolled in either from freshwater to the open sea.
When using minnows the target species will determine the shape size,
colour or the lure.
The line. Mostly manufactured from nylon monofilament and vary in
thickness to the breaking strain from 1 kg (very thin line) to 100 kg (very
thick line). The breaking strain is the weight necessary to break the line.
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Fig 48 Some lures made by students
Wet Paper

Bringing the catch to the table
Suggestions for extra reading.
The Sportsfishermans Bible, Turnbull,
Angus and Robertson, 1974
Big fish blue water, P. Goadby, Angus
and Robertson, 1987.
Fishing and fishing tackle, Richard
Allen, Golden Press, 1985
The complete book of fishing, Ron
Calcutt, Simon and Schuster Press,
1991.

Once fish are caught they must be handled in such a way as to
prevent spoilage to ensure that the best possible product ends up
on the table.
The fish should be stunned immediately for humane reasons and
bled or gutted so that clotted blood does not release chemicals
into the flesh thus spoiling the taste.
If gutting occurs, this should d be done at sea so that blood can
be removed from the flesh, digestive enzymes cannot be released
to edible parts, and bacteria can be prevented from multiplying.

fillet

Whole fish - scales
and gut removed

Whole fish - with head off

Fillet - best for exposing bones. Most popular method, least messy etc.

Cutlet

Suitable large fish - Jewfish

Fig 49 Methods of filleting and cutting fish for cooking (After NSW Fisheries)
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1. Hold the head of the fish steady on the filleting board 2. Steady the fish by placing your left hand along the fillet in the
with the back of the fish towards you and make an incision direction of the tail and glide the blade along the backbone to
through the back of the head to the backbone. Turn the the tail.
blade so it is running along the backbone.

3. Turn the fish over and repeat the procedure to
remove the other fillet.

4. To remove the rib bones and cavity lining, make an
incision under the bones at the top of the fillet. In a single
action move the blade of the knife down in the direction
of the bones and gently lift to make a clean cut under the
rib bones. Trim further to remove the cavity lining.

5. To skin the fillet lay the fillet skin side down on a board.
Hold the tail with the tips of your fingers to secure.

6. To bone the fish fillet. A row
of vertical bones about 1/3 of the
fillet from the head end are easily
identified by running your finger
down the centre of the fillet. Make
a V , by cutting on each side of
these bones and gently pull the
bones out.

Fig 50 How to skin, bone and fillet a fish. These illustrations from the brochure How to buy and fillet fish - Fish promotions
unit PO Box 344, Fortitude Valley 4000

Keeping it cool
Chilling to 00C as soon as possible withdraws heat from the product and
stops seafood deteriorating.
Ice is commonly used which has the characteristic of 00C. This can be
lowered by about 1.5 degrees if salt is added to the mixture.
Other methods used include, ice brine, chilled sea water, refrigerated sea
water brine spray, refrigerated air. The methods used in freezing large
quantities of fish are an important part of training which occurs at many
places around Australia.
Tasmania has the Maritime College at Launceston, Queensland provides
training in Bundaberg and other states have TAFE centres. Make contact
with the centre in your area and arrange a visit.
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Other brochures
For other brochures on How to
... , write to the Fish Promotions
Unit in your state. The illustrations above are from a set including How to Clean a
Mudcrab, Spanner crab, How
to Bone a Fish and Fillet one as
well, Peeling a Prawn and much
more..
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Management of fish resources
Legal length

Legal width

If there is to be fish for people of the future to eat, then
Australians will have to manage carefully our fish stocks. At
present licences are issued to commercial fishermen. Fishing
seasons are implemented and the type of net and gear are
controlled.
However, much of the damage is done by humans with the
wrong attitudes. For example some fishing trips to the reef
involve those who return with ice boxes full of fish that they sell
off to pay for their trip. If unrestricted fishing practices continue,
then fish stocks will be depleted rapidly.

Legal width

Fish management authorities and marine parks rangers in general,
attempt at all times to change the attitudes of these types of
people.

Male crab

Female crab

Fig 51 Knowledge of legal length and sexes
play an important role in practical fish
management

Today the management of fisheries is gradually shifting to a
centrally controlled piece of legislation that allows multi use of
an area to a level that is called sustainable use. These are
contained in Marine Parks and at the date of publication, these
are in a great state of flux and will continue to change over the
next ten years according to government policies. However,
there are some accepted principles such as:• Whales, dolphins and all other mammals, birds and marine
reptiles are totally protected in nearly all Australian waters.
• Mangroves and other marine plant species that act as basic food
or nursery areas for fish are totally protected. Sea grasses are
important sources of food for turtles and dugongs and reduction
in the food available is almost as good as killing the adults.
• Seasonal closures, seasonal licences, provisions of artificial
habitats, stocking and reviews of fish quotas are revised on a
regular basis.
• Management measures involve control over the number of
licences, size of nets and boats.
• Legal sizes, sex and numbers of fish caught are controlled. In all
cases female egg carrying adult species are protected.
• Net mesh sizes - these set the minimum sizes of fish that can be
caught for a certain area.
• Bag sizes - such as number of crab pots, number of fish that can
be caught in any one time by an individual, number of hooks on
a line.
• Licences - commercial fisherman licences to catch certain types
and number of species in set times of the year
• Protected species for a local area.
• Fisheries officers to enforce the law
Information about these controls is usually published in yearly
publications available from newsagent outlets. Where is the
information published in your state?

Wet Paper
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For more information on Turtles
You can write to the National
Parks and Wildlife Office in your
state or to the Great Barrier Reef
Marine Park Authority, PO Box
1379 Townsville, 4810 for a
project booklet.

Turtles - swimming reptiles
Sea turtles use flippers to move through the water and are protected by
a hard shell. Fatty deposits and very light spongy bones also increase
buoyancy enabling turtles to float easily.

Alternatively contact: Queensland Turtle Research Q.NPWLS
Pallarenda Townsville 4810

Fig 52 Green turtle
body pit

egg chamber

Fig 53 Turtle laying eggs
Wet Paper

Wet Paper

Turtles have a mouth with strong jaws and feed on jellyfish,
sponges, sea grasses, crabs and many other benthic animals. A
female green turtle lays hundreds of eggs in a summer, in clutches
at regular intervals. The eggs hatch about two months later and
the baby turtles make straight for the sea and do not stop
swimming to rest or feed for several days.
By the time this initial frenzy is over they could be over 200 miles
away from their birthplace. They remain at sea until they are
about one year old. During this time many are taken by predators
and it has been estimated only one percent survive to return to the
shallow waters at the beginning of the second year. By rearing
baby turtles in captivity the huge losses from predators are
avoided.
An Australian researcher Dr. Col Limpus has made the study of
turtles a lifetime quest. Initially researchers began tagging turtles
in the mid 70's at Heron Island off the Queensland coast. These
turtles carry the tag through life. One turtle X2757, has been
studied for 14 years because she comes back to Heron Island each
year. Dr. Limpus recently has developed a technique used on
humans, to study the reproductive organs with a laparoscope
This is a fine tube with a camera at one end, which is inserted
through the body wall of the turtle. With this instrument, the
turtles reproductive organs can be viewed and changes recorded
without having to kill the animal.

Fig 54 Researchers Dr. Col Limpus and Jan
Thornton using a laproscope to compile data
on a female turtle (Photo courtesy Sea World)
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Previously it was impossible to tell a small turtle's sex, when they
mated, whether they were adults or at puberty. The instrument
allows the researchers to tell if the turtle is breeding now, whether
it bred last year or the year before. Such data is collected and
logged in a database so that over the years the life cycle of this
remarkable animal can at last be recorded.
Marine Studies Copyright Wet Paper 2014

Coastal shallow water benthic feeding zones. Immature turtles ---> adult turtles

Development migration age at first breeding about 50 years

adult males

adult males and females

breeding migration
at 2-8 year intervals
adult females
Open ocean surface feeding zone

mating

"The lost years"

hatchlings

nesting beach

2 weekly intervals

shallow water interesting
habitat adjacent to nesting
beach

eggs

Fig 55 As a result of more than 20 years of intensive research, the story of the lifecycle of the loggerhead turtle is becoming
known
Wet Paper

The following text is from a brochure that Col Limpus has
written
A shared resource

Hints for turtle watching and tagging
There are now hundreds of tagged turtles
in the Pacific. If you find a turtle with a tag,
record the date and location and anything
else you may think relevant and send the
information to the address on the tag.
Keep the use of lights to a minimum while
walking along the beach. Do not approach
closely or shine lights on turtles leaving
the surf or moving up the beach as they
may return to the sea and not lay again till
next year. Wait till the turtle is laying
before shining lights on her or taking
photographs. Avoid excess noise or
sudden movements and keep dogs away
from nesting turtles.
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"Because marine turtles are migratory animals that regularly
cross international boundaries, no one country has total control
of a population. They are a shared international resource that
needs international cooperation in their management. While
governments must cooperate, individuals must also help. Street
and house lights can be turned off adjacent to turtle rookeries to
minimise hatchling disorientation. Dogs, foxes and pigs can be
prevented from destroying turtle nests and hatchlings. Turtle
mortality can be kept to a minimum in the fishing industry.
When turtles are caught in trawl nets they could be gently
removed and returned to the sea after a period of convalescing
on deck. Plastics are a real problem for turtles and they choke on
bags and bottles thrown into the sea. International travellers can
refrain from buying turtle products such as tortoise shell jewellery,
stuffed turtles, turtle soup, shoes or handbags made from turtle
or other products from endangered species.
Turtle conservation is important today so that our grand children
will enjoy the things we see today tomorrow."
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The birds that prey on nekton
Birds form an integral part of the coastal ecosystem. They are usually the highest order consumer in the food
chain. Any change lower in the food chain usually shows up in birds. They are well adapted with light
skeletons and feathers. They have keen eyesight and are excellent at catching fish.

Pursuit diving

Surface plungingbomb dive

Surface seizing

Pursuit diving with
wings

Dive down and
bottom feed
Chase prey
underwater

Aerial pursuit

Dipping

Pattering
Skimming

Surface filtering

Scavenging

Fig 56 Feeding patterns - birds that feed on nekton (After Aschmole, N.D. 1971. (Sea bird ecology and the marine
environment." in Thurman and Webber (1984)
Wet Paper

Feeding
A variety of methods have been identified as shown in Figure 56. Except for penguins and auks which use
their wings to swim underwater, most birds feed from the surface.
• The most common method is pursuit diving in which the bird dives from the surface and pursues the prey
by swimming, using the feet or the wings.
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SUN

Phytoplankton

• Surface dipping is another method used by skuas, gulls,
terns, pelicans terns and petrels. " Pelicans when they
dive, generally stop at the surface and extend the large bill
into the water. They then actively inflate their mouth and
suck in the fish. The water is forced out and the fish
swallowed. "
• Another method is dipping while flying where the bird
skims the water searching for prey.
• Plunge diving is also used where the bird hovers to pick up
the fish and then dives straight down to capture the prey.
Sea birds typically breed during spring and identify themselves
prior to mating by a courtship display. After the pair-bond
forms, nesting behaviour begins and the pair begin to mate.
After a short period of time the eggs are laid and incubated.
After hatching, the pair fish for the young.

Zooplankton

The pelican dives for fish and fills its beak. It then returns to
the nest and allows the young chick to feed from its mouth.
Birds are badly affected by oil pollution. Many die because
the oil stops them from getting food. Oil can have a devastating
effect on a bird populations.

Large crustaceas

Oesophagus
Fish, squid..

Top predators
(fish, mammals,
birds)

Stomach modified for
grinding food

Crop (Food storage)

Fig 57 Food sources for sea birds (After
Thurman and Webber 1984)
Wet Paper

Intestines

Fig 58 Cormorant (After Lerman 1986)
Wet Paper
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Why not write to Sea World
Australia, PO Box 190 Surfers
Paradise for their brochure on
Penguins or
Great Barrier Reef Marine Park
Authority for the Seabird
Brochure. GBRMPA PO Box
1379 Townsville 4810
Fig 59 Regurgitation from the parents crop is a common form of feeding
young
Wet Paper

Migration. The shearwater migrates great distances over the
Pacific Ocean as shown in Figure 60.

Wet Paper

The Mammals of the sea
Short-tailed shearwater
migration

Whales, Dolphins and Dugongs (sea cows) are the descendants
of sea creatures that once lived on land, but for some unknown
reason, returned to the sea millions of years ago.

Fig 60 Shearwater migration
double blowhole

baleen

dorsal fin

tail
fluke
throat grooves
flippers
(pectoral limbs)

Fig 61 External features - humpback
whale
Wet Paper

Fig 62 Breaching - humpback whale Photo
courtesy Great Barrier Reef marine Park
Authority who produce a brochure on Whales
available PO Box 1379 Townsville 4810

450 Chapter 15 Nekton

Marine Studies Copyright Wet Paper 2014

Feeding
Thurman and Webber describe the feeding of humpbacks as
follows. " Humpback whales are baleen whales and feed on
microscopic zooplankton. The filtering mechanism of these
whales consists of a series of plates that hang down from the gum
region of the upper jaw. These plates are not teeth but actual
outgrowths of the palate made of keratin, the structural protein
that in other mammals forms hair, fingernails and claws. The
baleen plates number between 150 and 400 on each side of the
mouth. Their outer edges are smooth and they resemble the slats
of a venetian blind. Their inner edges are frayed into threads that
intertwine to produce the filter."
"When the mouth is closed the baleen folds inwards, when the
mouth opens the baleen springs forward..."

Fig 63 Humpback whale diving sequence whales are identified by the way the dive and
by their tail flukes

"Humpbacks feed by gulping. They circle a large quantity of
zooplankton and fish and use a method called bubble netting.
They come up from below the food source and gradually encircle
it by sending a steady stream of bubbles up from the blow hole.
The bubbles concentrate the food which is then gulped by taking
in a vast amount of water. The tongue drops and the mouth closes.
The tongue then raises forcing water out through the baleen and
trapping the food. The whale then swallows the food."

Wet Paper

upper jaw
baleen

tongue

front view

front view

plankton

water leaving
side of mouth

tongue

tongue

baleen plates

water leaving
side of mouth

eye
tongue

lateral view
Fig 64 Whale feeding (After Thurman and Webber 1984)
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Whale migration
From time to time they appear along our coastline on their
annual migration from Antarctica. The most famous migration
is that of the humpback whale which migrates northward to mate
and to give birth to pups in the warmer waters of the Coral Sea.
Humpback whales also migrate along the west coast. After the
pups are born they grow rapidly and migrate back to Antarctica
for the winter. Whales feed on Antarctic Krill and have thick
layers of fat to protect them from the Antarctic cold.
Like all marine animals, they are streamlined. What was once
forelegs, have now been modified into flippers with which they
steer themselves, their hind legs have disappeared entirely.
Although they look like fish, they are breathing mammals that
bear their young live and suckle them. These animals also are
warm blooded mammals Whales can dive to great depths the
greatest of which is the sperm whale which dived to a depth of
1134 metres for 90 minutes.
The food web

Fig 65 Whale copulation

Mammals are the among the top order consumers in some cases
but can be primary consumers in others. The dugong feeds off
sea grasses and the baleen whales graze on zooplankton. Because
of this delicate relationship, a preservation of feeding grounds
is essential for their survival.
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Toothed whale

Dugong

Baleen whale
Whaling
Whaling stopped in Queensland in
the late 1960’s at Tangalooma and
at Byron Bay in New South Wales. In
1972, sperm whales where taken in
Western Australia and South Australia, but now there is a total ban on
all whaling in Australia. The International Whaling Commission (I.W.C.)
came into being in 1946 and meets
annually to decide on restrictions
among the whaling nations. Japan
and Russia are the biggest of these.

Squid
Seals
Pelicans
Penguins
Fish
Turtle
Arrow
worms
Jellyfish
Krill

Copepods

Larval forms of fish,
molluscs and crabs
Fig 66 Marine mammal food web - Source
Thurman and Webber (1988)
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Phytoplankton diatoms,
dinoflagellates

Eel grass and
turtle weed
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Information sheets - Whales
Why not write to Sea World Australia, PO Box 190 Surfers Paradise for their brochure on Dolphins
and Whales or GBRMPA for their
brochure on Whales, PO Box 1379
Townsville

Dolphins
Dolphins are one of the best known marine mammals because
of their relationship to humans and their roles in movies such as
Flipper and Dolphin cove. They have all the internal features of
humans and are physiologically very similar.

dorsal fin
back muscles

stomach

blubber

lungs

brain

blowhole

skin

melon

tail fluke
rostrum

bladder
intestine

liver
kidney

tongue
heart
pectoral
fin

Fig 67 Dolphin internal anatomy (After Sea Word Dolphin Project 1988)
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Echolocation
Dolphins are carnivorous and feed by a special adaptation called echolocation, hold their breath while underwater and
dive to great depths. Smell, taste and touch are poorly developed in dolphins and they rely on vision and hearing for most
daily activities. As sound travels further and more clearly underwater, the dolphin has exploited this to the fullest. Sounds
are used in daily communication, location of food and navigation. Dolphins can locate objects as small as 1 mm in diameter
that are thrown into a pool and can distinguish between aluminium and copper (T& Webber P 264). The sound is made
in the nasal cavity and is amplified by the melon and head region including the upper jaw. Sound waves are sent out
at a variety of frequencies and bounce back off objects in front like radar or sonar. These sound waves strike the lower
jaw which transmits the vibration to the inner ear located just below the brain where analysis takes place.

Fig 68 Echolocation in dolphins
Wet Paper
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Diving and breathing

Dolphin brain

As humans, we can only wonder at the diving ability of dolphins
considering the effects pressure has on our bodies. Dolphins
breath at the surface by opening their blow hole and filling their
lungs. This very efficient mechanism removes over 90% of air
in the lungs in less than a second which accounts for the water
spout seen at times.

The dolphin brain is the closest
in size to the human brain being
three times as large as the monkey and twice the size of a dog.
The dolphin is our closest relative and if communication with
animals is possible, it holds the
strongest hope.

Tubular sac
Blowhole
Vestibular sac

Fig 69 To prevent water from entering
the lungs while diving, Dolphins have
a well developed cartilageonous
larynx that is held firm by a sphincter
muscle (After Thurman and Webber
1988)

Nasal plug
extension

Connecting sac
Melon
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Palatopharyngeal
sphincter

Trachea
Larynx

Fig 70 Mother and calf
Wet Paper

Dugongs
The dugong is a herbivorous marine
mammal feeding on seagrasses. Much
of their time is spent grazing on these
seagrass beds mainly close to shore
from latitudes at Shark Bay WA to
Moreton Bay Qld.

This blow hole closes and any water trapped is prevented from
entering the lungs by the tongue The dolphin exhales before
diving and the alveoli in the lungs collapse and any air is forced
into the trachea. Because there is no air during the dive, nitrogen
does not become a problem. The blood of a dolphin has a higher
concentration of red blood cells and therefore can carry more
oxygen. During the dive the blood is shunted to the brain and the
heart rate slows. This increased oxygen aids the muscles during
diving. However the build up of carbon dioxide is similar to
humans. Dolphins can withstand greater concentrations and
muscles can operate anerobically (without oxygen) for longer
times than those of humans.

Dugongs can live up to 70 years old and
breed from as early as nine years.
The calf swims to the surface for its first
breath and suckles milk from its mother
for up to two years.

Fig 71 A sea cow or dugong
Wet Paper
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Review questions
1. What is the scientific system of naming organisms called?
2. What are the anterior, posterior, ventral, lateral, dorsal surfaces of a marine creature?
3. To what family do the following marine animals belong?
(a)

Crayfish, prawns, lobsters and crabs?

(b)

Stingrays and skates?

(c)

Seals and dolphins?

(d)

Scallops, snails and squid?

(e)

Segmented worms, worms and flatworms?

4. Which is more closely related? A Octopus and a scallop or a Bony fish and a bird? Give reasons for your answer.
5. Is a bacterium an animal or a plant?
6. Look at Figure 1 and make up a table of all the plankton, nekton and benthos.
7. List three adaptations of animals to a nektonic existence.
8. Describe an experiment used to show how streamlining reduces drag through water.
9. What is osmosis and what does it do for fish?
10. A saltwater fish was swimming up a river. What problems would it experience and why?
11. What is a semipermeable membrane? Name one place it would be found in a fish.
12. What does the term diffusion mean? What is the rule for diffusion?
13. Why does a marine fish continually drink seawater?
14. Why is circulation an important adaptation to a nektonic existence?
15. Draw a diagram of a squid labelling the following external features. Arms, tentacles, mouth, eye, mantle, shell.
16. How long does it take squid to copulate? What special reproductive apparatus does the male have to transfer the
sperm to the female's mantle?
17. Describe the reproductive cycle of the squid. How is it different from the barnacle?
18. What are calamari and how are they made?
19. What is a squid jig? How is it used to catch squid. Why are lights important to this operation?
20. What are the Chondrichthyes and how do they differ from the Osteichthyes?
21. What is the significance of the spiracle in the ray?
22. Why are rays a dark colour on the top and light on the bottom?
23. How do young stingrays develop?
24. Draw a diagram of a shark labelling the following external features. Nostril, eye, spiracle, lateral line, first and second
dorsal fins, caudal fin, pelvic fin, pectoral fin, gill slits, mouth.
25. How do sharks copulate?
26. If you rub your hand one way down a sharks skin, it feels smooth, but start to rub it back in the opposite direction
and it feels rough. Why is this so?
27. How do sharks find food?
28. Write a paragraph on the management of sharks.
29. Draw a diagram of a bony fish labelling the following parts. Mouth, nostril, eye, operculum, anterior and posterior
dorsal fins, caudal fin, lateral line, ventral fin and pectoral fin.
30. What is a myomere and draw a diagram to illustrate your answer.
31. Draw a diagram of a fish scale showing how it is used to age fish.
32. Draw a diagram of the skeletal system of a fish showing the positions of the following. Orbit, upper and lower jaw,
pectoral and pelvic girdles, caudal spines, vertebral column and ribs.
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33. Draw a diagram of how a parrot fish feeds showing the adaptations of its mouth.
34. A longnosed butterfly fish can feed off worms on a sea urchin. Draw a diagram of the mouth to show how this can
be achieved.
35. What are gill rakers and how do they work?
36. Draw a sketch of a fish showing the positions of the following:- Brain, kidney, liver, heart, intestines, swim bladder,
stomach, pylorus, oesophagus and mouth.
37. Draw two diagrams to show how the operculum works in conjunction with the mouth to force water over the gills.
38. What happens at the gill surfaces of a marine fish?
39. Draw a sketch of a fish showing the following parts of the circulation system. Heart, blood capillaries, dorsal blood
vessel, ventral blood vessel.
40. Draw a diagram of a fish eye and another one to show how a fish achieves an all round vision.
41. Describe how barrumundi reproduce and draw a diagram to illustrate your answer.
42. What is an andromous fish?
43. Draw a diagram of Australia, showing the relative distances offshore.
44. What are the implications of the Australian Fishing Zone?
45. List some positive and negative effects of the AFZ.
46. Draw a diagram of the continental shelf and show where some fish could be caught.
47. How a re Tuna caught? Do you buy dolphin friendly Tuna cans?
48. If you buy cat food from Taiwan, with a seafood flavour, what environmental dangers could there be. Why should
you buy Australian made?
49. What is trolling? Draw a diagram of a squid feather jig.
50. Draw diagrams to illustrate the following lures. Fizzer, bladed spinner, popper, metal tuna jig, paddler.
51. What is meant by the phrase, "A lure is a lie told by a fish to a fishermen"
52. How does a Danish seine work? Draw a diagram to illustrate the four main points.
53. What is the cod end of a net?
54. Draw a plan view of a trawler to show the following points. Sorting tray, wire ropes, motor for winch, winch, extension
arm, otter board, wheelhouse, gantry.
55. Draw a diagram to show how longlining works.
56. What does the term, "to shoot the net" mean?
57. Draw a diagram to show how a beach seine operates.
58. Draw a diagram to show how a drop line and a fish trap work.
59. What is a mandrel?
60. How does a fishing rod get a soft action? If you wanted to make a rod with a fast action, how would you do it?
61. What are runners and where are they found on a rod?
62. Where are the winch fittings found on a fishing rod?
63. Draw a diagram of a threadline reel showing where the bail arm, front drag, bail arms roller, reel drag, handle and
anti-reverse catch are located.
64. What is the difference between a sidecast and an overhead cast reel?
65. What does the term, terminal tackle refer to?
66. What does a swivel do?
67. What are sinkers and how are they used in terminal tackle for fishing off a rocky bottom?
68. Define the term, breaking strain.
69. What is a fish fillet and how is it obtained from a fish?
70. Fish cutlets are to be served for dinner. How are they to be prepared?
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71. A whole fish is to be prepared. What should be removed from the fish?
72. Why is chilling necessary after you catch a fish?
73. What does the term legal length refer to? Draw a diagram to illustrate your answer.
74. What local restrictions apply to the catching of crabs, lobsters, crayfish or other crustaceans?
75. What does a limit on net mesh size ensure?
76. Why are seasonal closures effective in conserving fish stocks?
77. Who gets a fish licence and why is it given?
78. How are whales and dolphins protected under Australian law?
79. Who is one famous scientist who studies turtles?
80. What is a laproscope and how is it used in turtle research?
81. How does a turtle reproduce?
82. If you are walking around a beach with a torch and see a turtle coming up the beach, what should you do? Why?
83. Draw a diagram of a possible turtle breeding cycle.
84. Why is turtle conservation important?
85. Birds can feed on prey in the water in 12 different ways, Name any ten and describe how the bird catches the food.
86. A bird has a crop and a stomach. What are these used for?
87. Name one bird that has a long migration pattern and describe where it goes.
88. Why should you not frighten birds resting on a beach.
89. A humpback whale migrates from Antarctica to where?
90. Does a humpback feed during migration?
91. If you approach a whale what practical conservation steps should you follow?
92. What is baleen?
93. What is echolocation and how is it used to locate food?
94. Do dolphins breathe underwater?
Fig 72 Illustration courtesy
Sea World Australia

95. How do dolphins communicate with each other underwater?

Study assignments
1. Why is there a burramundi season?
2. Find out about Project Jonah - contact 100 Bowen Street, Spring Hill. Q. 4000
3. How dangerous is mercury to the environment?
4. How do whales breathe?
5. Find out about D.D.T. and birds eggs.
6. What is your favourite fish food and how is it prepared?
7. How are dolphins cared for in captivity?
8. What is Greenpeace? What is the I.W.C?
9. How intelligent are dolphins?
10. Find out about octopus behaviour.
11. Do whales use echolocation? If so how do they use it?
12. Are dugongs hunted by humans? If so where and
under what conditions?
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Excursion to the fish board/
trawler
1. Name the parts of a trawler from an outline
drawing.
2. List the types of nets used by the vessel and their
operating depth.
3. List the types caught using the rigging.
4. Describe how the rigging works.
5. Examine where the catch is stored
6. Appreciate the difficulty in operating at sea.

Wet Paper

7. Describe what happens to the catch and the
methods used to prevent spoilage
8. Describe how the catch is marketed.
9. Recall the sale prices for different parts of the
catch.

Fig 74 Student working out prices of fish and seafood

10. Observe how the catch is cooked.

There are five things you are to focus on:
1. The technology of the vessel.
2. How that technology works.
3. What the technology catches.
4. What is the catch worth?
5. How is the catch marketed?

Your report
Answer the following questions
1. Make drawing of the trawler naming the following parts: “bow, stern, deck, winch, gantry, sorting tray, wheelhouse,
net, cod end, tickler chain, otter boards, warp, storage”
2. How does the trawler rig work ? How many nets are set ?
3. Draw a diagram showing how the net operates under water and how the net can catch fish, prawns. You may like
to ask the skipper how this happens.
4. What is the name of the fishing method used.
5. What fish are caught and when?
6. What was the trawler fishing for yesterday?
7. What was caught ?
8. What the catch is worth?
9. What price did the fisherman receive for the catch?
10. Did the catch cover the costs of the trip?
11. What is the trawler worth?
12. How the catch is marketed?
13. What methods are used to prevent the catch from spoiling?
14. How are prawns cooked?
15. What is added to prevent spoilage ?
16. How are fish stored before marketing? What happens to the fish at the wharf and then in the fish processing rooms.
17. How are the fish prepared for sale. What fish are for sale and how much are they per kilogram ? How does this
compare with the price of a “big mac”?
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Activity 1 A dogfish (gummy shark) dissection
You will need
*

A preserved dogfish (available from
fish board)

*

Dissection board and instruments

*

Gloves (bring your own) or soap
and a towel

1st dorsal fin
spiracle
eye

lateral line

nostril

2nd dorsal fin

What to do
Part A: The external features
1. Locate the following - fins,
heteroceral (upswept) tail, fins anterior, posterior, dorsal, posterior ventral, anterior pectoral, posterior pelvis.

gill slits
pectoral fin

pelvic fin

anal fin

caudal fin

Fig 75 Shark external features
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2. Locate the eyes, gill slits, cloaca (identify the claspers in the male) lateral line and denticles in the skin. Draw all of
these features in a line drawing.

Part B: A cross-sectional view
Carefully cut off the tail and examine its cross section under a stereomicroscope. Draw the positions of the vertebral
column, nervous cord, outside skin and surrounding muscle.

Part C: The digestive system
1. Remove the dorsal fin and lay the shark on its back. Make a long cut from the tail to the pectoral fin region in the
middle of the body. Open the body wall and pin back.
2. Identify the liver lobes and pin them back. Now locate the oesophagus, and follow it to the stomach, the intestines,
rectum and anus. Locate the gall bladders (embedded in the liver), the spleen (a dark reddish structure located near
the stomach), the pancreas (a creamy white organ near the intestine with two lobes and a short tube that enter into
the intestine near the bile duct. Make a detailed line drawing of your dissection

Part D: Reproductive system
In the Female: Locate the oviducts and trace them towards the ovaries. Then trace them the other way towards the shell
gland and cloaca. In the Male: Locate the claspers, the kidneys, the testis, vas deferens and sperm
sac. Draw.

Part E: Nervous systems. (Wherever
possible nerves should be traced
from their point of origin in the
brain or spinal cord to their far
ends.)
-

Dissect the brain by
skinning the head
carefully from the snout
to just behind the eye.
Carefully chip away the
cartilage around the
eye.

-

Locate the optic nerve
and draw its relationship
with the brain.

-

Locate the fore, mid and
hind brain, optic nerve
medulla and olfactory
lobes. Make a detailed
drawing.
Fig 76 Shark dissection
Wet Paper
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Activity 2

Fish dissection

The purpose of this activity is to study the external and internal morphology of a typical bony fish. You may like to refer
back to Figures 23 and 24 Pages 431 and 432.

What you need
Dissection board or tray, dissecting pins ( or straight pins or thumb tacks), dissecting kit (scalpel, scissors, probe).

What to do - external features
Identify your fish (scientific name, notable characteristics, colour, size etc..) External Anatomy - using the diagram of the
external parts of fish, locate the following:- spiny dorsal fin (if present), pectoral fin, soft dorsal fin, nostrils, caudal fin or
tail, scales, ventral fin (pelvic), operculum or gill cover, gills (look under operculum), gill rakers.

What to do - Internal anatomy
1. Pin your fish to your dissecting board with dissecting pins, straight pins or thumb tacks.
2. Make a horizontal cut from the operculum to the caudal fin ( down the centre of the fish - 1st cut)
3. Make vertical cuts at the operculum, above, and below the first cut (2nd cut).
4. Make vertical cuts near the caudal fin, above and below the 1st cut (3rd cut).
5. Peel back the flaps of skin, the internal organs should now be exposed.
6. Using the diagram, the internal organs of a typical fish, identify the following structures;
heart, backbone, stomach, muscles, liver, larynx, kidney, phlorus, air bladder, anus, gills, urinary bladder, intestines.
2nd
cut

3rd
cut

1st cut

Fig 77 Where to cut the fish
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Fig 78 Fish internal and external features
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Activity 3 Age determination of Fish
The purpose of this activity is to determine the age of a fish by counting scale rings. To the fishery biologist, the fish scale
represents a valuable tool in the investigative process. The biologist can choose to use the scale to determine the age
of the fish. This information can be used as an interpretation on the life history of some fish. In addition, scientists use
scales in the identification classification of fish. It should be mentioned, however, that not all fish have scales, and those
having scales do not all have the same type. Scales are not exclusive to fish. The more primitive forms of fish have
placoid scales. (Use reference books to find these). This is a scale possessing a dense enamel and dentine layers.
Other fish scales are non-placoid types, having no enamel or dentine.
There are three types of non - placiod scales. First, the cosmoid type scale found in all lung fish of the world. The second
type scale is the tile - like arranged ganoid scale found in gars and reed fish. The third type is the bony - ridge scale.
Typically, they are thin and translucent. There are two types of bony - ridge scales. The first is ctenoid (teen - oid), having
characteristically small sharp spines on the scale with no complete rings. Also the exposed edge is serrated. Having
identified all these features, take a scale and a steromicroscope or monocular microscope and age the fish. You may
like to refer back to Page 429 Figure 19.
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Activity 4 Gyotaku (Japanese Fish Printing)
The technique of Japanese fish printing has been used in Japan for over 100 years to record the catches of sports fish
and to gain ichthyological (fish biology) information.
The art of Gyotaku ( ghio - ta - koo ) is a good way to gain understanding and appreciation of the beauty and great variety
of marine organisms. You can also use this technique for making prints of shells, rocks, flowers, etc..
Before you make a print, identify the fish. What are the distinguishing characteristics of the fish? Study the life history
of the fish. Where and how was it caught?

You will need
*

A very fresh fish - bream, whiting or rock fish are good to start with. If you buy a fish at a
market, select one that has bright red gills clear eyes, and a fresh smell. If the fish has been
gutted, make sure that it has not been cut anywhere else on the body.

*

Newspaper and pins.

*

A stiff 150 mm brush and a very small brush.

*

Rice paper, newsprint or other moisture tolerant paper (since rice paper is so expensive you might prefer to start
with newspaper).

*

Plastic modelling clay.

*

Water - base ink (linoleum block ink is best)

What to do
1. Use soap and water to clean the outside of the fish as completely as possible. The cleaner the fish, the better
the print. Dry the fish well.
2. Place the fish on a table covered by newspaper. Spread the fins out over some clay and pin them in position
by placing a pin behind the largest spine.
3. Brush on a thin, even coat of ink. Leave the eye blank, unless you prefer to fill it in.
4. Place a piece of newsprint or rice paper over the top of the fish.
5. Carefully lay the paper over the entire fish. Use your fingers to gently press the paper over the surface area of
the fish. Be careful not to move the paper too much since this results in double prints. Remove the paper and
you have your fish print.
6. Use the small brush to paint the eye.

Activity 5 The fibreglass fish
Based on an original idea by Perry Kaigan.
Plaster work
1. Wash the fish with sponge and detergent.
2. Rinse off detergent.
3. Wipe dry with cloth or paper towling to remove
all slime.
4. Place fish on side half buried in sand.
5. Fill mouth cavity with clay.
6. Place fins in realistic position.
7. Mix some plaster of Paris - enough to cover
whole side and overlap sides by 2-3 cm.
8. Pour plaster over fish, gently quivering plaster
into all parts.
9. Allow to dry.
10. Remove fish from mould.
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Fig 79 The Kaigan fibreglass fish
Geoff Jensen
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Fibreglassing
Caution: Catalyst used in fibreglassing can cause blindness in 3 seconds if not washed out with water so wear safety
goggles and use a well ventilated area such as under a tree or fume cupboard.
1. Clean mould of any bits and pieces adhering - wash and let dry thoroughly.
2. Brush on a thin layer of release agent.
3. Using a brush, paint on a layer of resin.
4. Allow this layer to dry.
5. Mix more resin.
6. Brush on more resin and work in fibreglass matting - work in well to remove bubbles.
7. Allow to dry.
8. Remove from mould.
9. Trim and paint.

Activity 6 Cooking fish
You will need
Some wood, matches, fish, alfoil, sharp knife,
filleting board, permission to light fire
What to do
Having obtained permission to light fires and
taken the necessary safety precautions as directed by your teacher, light a small fire with wood
and matches supplied.
While waiting for the fire, gut and fillet the fish as
described on Page 444.

Eat fish and write a report on your
successes.

Wet Paper

Wrap the fish in alfoil and cook fish on open fire for
five to eight minutes depending on the size of the
fish.
Fig 80 Cooking fish - open fire in alfoil

References
Biology - The Common Threads. Australian Academy of Science. 1990.
Klemm, B., Pottinger, F., Speitel, T., Reed. A., Coopersmith. A., 1990. The Fluid Earth. Curriculum Research and
Development Group. University of Hawaii.
Lerman, M. (1986) Marine Biology - Environment, Diversity and Ecology. Benjamin/Cummings Publishing Co.
California.
Niesen, T.M. (1982) Marine Biology Colouring Book. Harper Row and Publishers Inc. Toronto.
Oxhenhorn, J. and Goldfield, B. (1975) Oceanography and our future. Globe Book Co.
Ross, D.A. (1982) Introduction to Oceanography. 3rd Edition. Prentice Hall. Sydney.
Thurman, H.V. and Webber, H.H. 1984. Marine Biology. Charles Merril Pub. Co. Ohio.
Weinhaupt, J. (1979) Exploration of the Oceans - An Introduction to Oceanography. Macmillian Publishing Co. New
York.

462 Chapter 15 Nekton

Marine Studies Copyright Wet Paper 2014

Chapter 16
Benthos

GBRMPA

Marine Studies Copyright Wet Paper 2014

Chapter 16 Benthos 463

Content

Process skills

●

Key terms applied to the marine environment

●

Discuss some inter-relationships between
marine organisms.

●

Interactions among and between organisms

●

Observe adaptations in various marine organisms

●

Gross anatomical structure of two
marine organisms from different phyla

●

●

Sampling methods

Describe characteristics of the marine environment which make these adaptations of
value

●

Potential resources that can be derived from the sea

●

Interpret data concerning the economic
value of marine and maritime industries

●

Three types of industry based on the
sea

●

●

The positive and negative effects of
commercial exploitation of the sea

Identify potential commercial applications
of the sea and describe the current barriers
to their development

Topics

Seaweeds and seagrasses
Benthic adaptations
Crabs and prawns
Worms
Molluscs
Echinoderms
Coral
Cunjevoi
Commercial aspects of prawns

Skills

Attitudes

●

Dissect a marine organism to display
and identify the main internal and external features

●

An understanding of the relationships
between abiotic and biotic resources of
the sea

●

Use appropriate sampling equipment
with due care for sound conservation
practice

●

An appreciation of the finiteness of the
biotic resources of the sea

●

●

Pencil sketch an organism from the
marine environment

Acknowledge the obligations of those
engaged in the industry to the community
as a whole for the use of a shared resource
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Adaptations
The word “Benthos” means bottom dwelling. Therefore anything
that lives on the estuarine floor is Benthos. This could range
from scallops, crabs, worms, old tin cans, broken bottles and
even telephone cables. To live on the ocean floor has many
advantages some of which are:• All your food comes down from above.
• Your reproductive products will float up
• It is usually dark and so your predators cannot see you
However there are some disadvantages some of which are:• You can become covered with silt and mud.
• If you live near the wave action you have the problem of being
washed away.
• Your offspring will have difficulty in returning back to where
they came from.
To offset these problems, benthic animals and plants have
developed many adaptations to living on the bottom or attached
to rocks or corals. Let's start with a seaweed to see how it copes.

Seaweeds
Floating seaweeds do not have roots, stems and leaves as land
plants do. The entire body is called a thallus. Seaweeds that are
attached have a thicker root-like or foot-like portion called a
holdfast. Instead of leaves or stems , some seaweeds have a
stem-like area called the stipe, and a leaf like area called a blade.
Most seaweeds have a holdfast, stripe and a blade, although they
may be hard to distinguish on many plants. Green plants
reproduce by forming flowers, which in turn produce seeds,
however seaweeds produce spores on the tips of their branches.

Fig 1 Life cycle of algae can involve two sexual and asexual reproduction
Wet Paper
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These spores are very tiny, and when released, float away to become part of the great mass
of floating phytoplankton.
Seaweeds are an important part of the ocean community.
Animals such as nudibranches, snails, and crabs live on the blades. Starfish, clams, crabs and
worms seek shelter among the holdfasts. Some small fish and crabs, that are the same colour
as the seaweeds hide there from predators. In addition to providing shelter, seaweeds also
provide oxygen for these marine animals. The seaweed therefore has the
adaptation of having a holdfast to prevent it from being washed away, a
reproductive cycle with both sexual and asexual stages to increase its
The following is an extract from
the Seagrass information
chances of survival, green pigments which enable it to make its own food,
sheets produced by the
a long thin shape to stop it being covered by mud, and specialised floating
EDFISH Group Department of
cells to keep the shoots upright in the water.
Primary Industries GPO Box
46 Brisbane 4001.
"Seagrasses are usually found
growing in mud or sand in subtidal areas (areas that are covered with salt water all the
time). Some species can be
found in the intertidal region
(covered by water during tide
and uncovered at low tide).
During low tide intertidal species must adapt to exposure of
their leaves for periods of time
to the wind and the sun. Adaptations include an ability to
survive and grow in a high
saline environment and reproduce entirely underwater." .

Sea grasses
Sea grasses belong to the group of flowering plants called angiosperms
and are different from seaweeds in that they have veins, roots, stems and
leaves along with flowers and seeds.

Fig 2 The structures found in some typical seagrasses (composite
drawing) Illustration courtesy EDFISH 1991

Fig 3 Different types of seagrasses are found at different depths Illustration courtesy Ed
Fish)
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Seagrass ecosystems

Please note that mangrove
ecosystems are discussed
in the next chapter.

"Seagrass meadows perform many functions such as the
stabilisation of the bottom, acting as a food resource and
functioning as a nursery area and shelter for animals and other
plants. Leaves of seagrasses reduce current velocity and increase
the amount of sediment that can 'settle out'. Dense root systems
bind the sediments together, reduce surface erosion and play an
important part in coastal protection."
Sea grasses provide food for parrot fish, turtles, sea urchins and
dugongs while other fish feed off the algae that grows on the sea
grass leaves. Water birds eat seagrasses at low tides and
contribute to the high productivity that is discussed later in the
chapter on ecosystems. The seagrass traps and converts the sun's
energy for the ecosystem and the food for all primary consumers
in the food web.
.

Fig 4 Fauna that can be found in an eel grass bed. From below high water by SA Education Department, 1969, Reproduced
with permission.
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Some benthic animals
Adaptations
Colour adaptations
Pick up almost any benthic
animal and it will be dark on
the top and light on the bottom.
If the animal moves in the water column, it will appear like
the bottom when viewed from
above and like the water surface when viewed from beneath.
The decorator crab is a good
example of an animal who collects pieces of algae, shell,
sand and fixes them to its carapace to give the impression of
being just a big rock.

Shellfish (Molluscs) are examples of well adapted benthic
animals the features of which
are illustrated below.

To help us understand benthic animals we should identify some
external features. The top is the dorsal surface, the bottom the ventral
surface and the sides are called the lateral surface. The front is the
anterior and the back the posterior. If animals are thin and flat they are
called dorsoventrally flattened, e.g. a crab.
Animals have developed a great variety of adaptations to help them
survive their benthic lifestyle. Some of these are:• Long legs to lift them off the muddy substrate or a foot to slide or
burrow through it.
• Protective shells or carapaces to protect body organs.
• A ventral mouth to feed from, with the eye and brain at the anterior
of the animal with the anus at the posterior.
• A specialised feeding mouth, like a radula, or modified mouthparts
to scrap food off tough surfaces or bite through other shells.
• Life cycles that enable the immature stages to develop in oxygen
rich waters of the photic zone near the coast and then migrate back
to estuaries to complete their life cycle.
• Gills protected in a mantle cavity to help extract oxygen from the
water.
Shell
Body
organs

The Molluscs
Are characterised as having
the following identifying features; soft body which secretes
a calcareous shell, no segmentation, the mouth is ventral and usually has a radula a specialised rasp structure.
Movement is by a large muscular "foot". Common molluscs are: chitons, Snails,
bivalves e.g. mussels, clams,
squids, cuttlefish, octopi,
nautili. See also Page 472

Eye
Tentacle

Head

Mouth

Foot

Anus

Gills

Fig 5 Molluscs are excellent examples
of a well adapted benthic animals.
Wet Paper
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Crabs and prawns
The Crustaceans

The crab is also a benthic animal with a hard external covering called a
carapace. This covers the whole of the body protecting delicate internal
organs. Crabs belong to the crustaceans and have many jointed
appendages. The anterior appendages are modified for feeding with
specialised mouthparts and claws. Appendages in the mid section are
modified for walking and those to the rear for swimming.

Are characterised as having the following identifying features:*

body and appendages covered by a
carapace (a hard
exosketeton)

*

many jointed appendages

*

two pairs of antennae,

The prawn is another example of a commercial benthic animal. The
body of a typical prawn is divided into two main parts. The head cephalothorax, and the tail - abdomen. The head is covered by a hard
shield or carapace which extends at the front into six segments, each
of which is covered by its own shell plate. The last segment has a rear
triangular projection called a telson. It is the abdomen, which contains
all the muscle, that we eat.

Crustaceans include
copepods, barnacles,
prawns, crayfish, crabs

2nd antennae

eye

rostrum

cephalothorax
carapace
abdomen

telson

1st paired antennae

swimming legs
Fig 6 The Prawn - external features

walking legs

Wet Paper

mandibles

abdominal flap (male)
(See also Fig 61 Page 445)
Fig 7 The Crab - external features (Diagram to the right courtesy Ed Fish)
Wet Paper
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thelycum

walking
legs

ventral view

A pair of stalked eyes rise from beneath the carapace on either
side of the rostrum. Behind the eyes the animal has a number of
jointed appendages. These are the antennae or feelers, mouthparts
and feeding legs which transfer food to the mouth, walking legs,
swimming legs, and a fan tail at the end of the abdomen used for
swimming.
Reproduction

This prawn lives on the Continental Shelf,
a short distance off the coast in depths
averaging 50m.

Males have modifications on the first and second pair of walking
legs which help in the reproduction process. Males produce
sperm which are put into bags called spermatophores. Females
have a specialised organ called a thelycum which is the female
sperm receptacle. The thelycum is usually hard and impenetrable,
but just after moulting it is soft and that is when the male courts
and copulates with the female.

Spawning takes place out here, and once
the eggs are fertilized they sink to the
bottom. After the first 24 hours on the
bottom, the eggs hatch into the first larval
stage called the Nauplius (Fig 9a ). Notice
the pear - shaped body and appendages.
Already you can see the jointed legs that
give them the name of Arthropoda. From
here the larva sheds its skin in a process
called moulting. Each time the old skin is
shed, a new larger one grows. This stage
is called a Zoe. (Fig 9b). The Zoe has now
moved up to become part of the plankton.

Sperm are produced in the male testis and are put into special
bags called spermatophores which are situated at the base of
one of the walking legs. The male mates with the female by
placing these spermatophores in the thelycum of the recently
moulted female. They are then stored for several weeks until the
eggs are mature. Spawning is when the female releases these
mature eggs which are fertilized at the time of spawning. So,
where do tiger prawns live? Adult tiger prawns are caught off the
coast of Australia, on the continental shelf, in depths of up to
50m. This area, called a fishery is shown in Figure 30 page 435.

Fig 8 Thelycum of a female prawn
Wet Paper

Prawn life history

Now water currents begin to move them
towards the coast. On the way the Zoe
moult a further 5 times into a Mysis stage
(Fig 9c). Notice the small rostrum developing eyes and the fork in the telson. This
stage still forms part of Plankton but begins
to look like an adult prawn. The entire
cephalothorax is covered by a hard carapace and embryonic walking and swimming legs are starting to form.
After 3 or more moults the Mysis changes
into a Post Larval stage which looks like a
baby prawn (Fig 9d). Within a month of
hatching this stage reaches the nursery
areas near the coast. They are now able to
leave the Plankton and start to live on the
bottom again.

appendages
pear shaped
body

moults
A - nauplius
eye

rostrum
moults

B - zoea

telson
C - Mysis

moults

In the nursery areas the settled Post Larval
stages gradually change into juvenile
prawns. For about 3 to 4 months they feed
and grow.
As adult prawns they then migrate to the
sea. At sea the prawns become sexually
mature, mate and spawn and the cycle
begins again.

D - Post larva

Fig 9 Life cycle stages of a prawn. From DPI Ed. Fish Prawn Module.
Reproduced with permission.
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Worms
Worms form an integral part of the benthic ecosystem because
they process dead and decaying matter, aeriate the mud and
filter food. They are the source of food for mud flat birds such
as spoonbills and herons. Because they spend most of their
time burrowed in the mud they have a specialised way of life.
Segmented worms
Segments allow simple animals to have specialised areas in
segments. The anterior end has mouth and sensory parts,
middle regions have digestive and reproductive parts with
posterior segments for excretion. The polychaetes (many
footed) worms are marine worms and live in and under rocks,
corals, shells and even on the backs of other animals. They are
usually free swimming as the one shown in Figure 10 or secrete
tubes that are covered with shells and grit, or grow in association
with corals like the one shown in Figure 12.
Flatworms and round worms

Fig 10 A free swimming polychaete worm
(From Qld Museum article 83/14)

These are unsegmented worms that are either free swimming
or parasitic or fish and other marine animals.

Fig 11 Ribbonworm
Wet Paper

Their simple structure is characterised by having a sucker like
mouth which is used to attach itself to the host organism where
the animals continually feed on tissue or partially digested
food. Many roundworms live in the intestinal track of the larger
marine animals and have specialised hooks around their mouth
to stay attached. Cleaner fish are often seen picking at these
worms on the flesh of or mouths of fish as shown in Figure 13.

Fig 12 A polychaete worm in a tube
(From Qld Museum article 83/14)
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Fig 13 Cleaner fish, worm
and fish
Wet Paper
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Molluscs

Some common molluscs include

Molluscs include shelled animals with a body plan illustrated
below. Notice that the shape, feeding, breathing and excreting
are arranged for bottom dwelling.

The bivalves
★ clams
★ oysters

The gastropods
Shell

★ snails

Dorsal blood
vessel

Visceral
mass

Gonad

Digestive
gland

★ all the shells
★ limpets

Heart

★ nudibranchs

Eye

The cephalopods

Kidney

Tentacle

★ nautilis
★ squid

Head

★ octopus

The chitons

Mouth

Mantle
cavity

Radula
Ganglion

mantle

Nerve
cords

Foot

Gills

Anus

Reproductive
opening

Fig 14 General mollusc internal features
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shell
stomach

Positional
Use photocopy
supplied

gill

oesophagus
Nautilus

anus

clam- a bivalve

Fig 15 Other molluscs (After S. Oats 1985)
Wet Paper

funnel
mouth

tentacle

arms

Fig 16
features

Cephalopod

internal

Wet Paper

Fig 17 Oysters are a well known commercial mollusc
Wet Paper
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Some common echinoderms include

Starfish
Brittle stars
Feather stars
Sea urchins

Echinoderms
Echinoderms are spiny skinned animals whose body is arranged
around a circle. (Biologists call this a radially symmetrical body
plan, as opposed to a bilaterally symmetrical body plan where one
side is the same as another i.e. a cormorant)
Sea urchins live in rocky crevices and have long spines which can
be dangerous if touched - See Chapter 10. Starfish feed from a
ventral mouth and move by a series of tubed feet which protrude from
the arms. One famous starfish, the crown of thorns, has been notable
on the barrier reef in recent years for killing coral. When feeding, the
mouth and stomach of this individual extend outside the starfish
digesting the polyps. The spines make for an excellent protection
from predation and are poisonous if stepped on.

Sea cucumbers
pinnules

Feather stars are usually fixed to the substrate and have their arms
protruding upwards to feed.

calyx

stalk

Feather
star

spines

Brittle stars are very similar to the starfish but have segmented arms
which have break points so that if the individual is caught, the arm
breaks free and the animal can escape. A new one grows in its place
after a time by a process called regeneration.
The sea cucumbers are the last in the group and obtain their food by a
vacuum cleaning process involving their sticky tentacles. Bacteria,
detritus and other waste materials stick to the tentacles which the animal
then retracts to its mouth. Sand and other material is taken in as well and
voided through a cloaca. " It has been estimated that 10 000 of these
individuals can move 150 tons of sand per year" Endean 1982.

mouth

Sea urchin

spines
arms

body segments
anus
calyx

Starfish

Crown of thorns starfish

Brittle star

tubed feet
tentacles

anus

Fig 18 Echinoderms

Sea cucumber
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One adaptation of the
anemone is to retract its tentacles into its coelenteron

mouth
tentacles

Fig 19 A sea anemone - a close
relation of the coral
Wet Paper

Coral
Corals are not plants. They belong to a group of hollow gutted
animals called coelenterates. The coelenterates are a large
group of over 9, 000 species, found on shores, reefs and oceans
of the world. Well-known and easily recognized animals such
as jelly fish, anemones and corals, are included in this group.
Corals are very similar in shape and build to the common sea
anemone (Figure 19) but are generally smaller. The corals
secrete a small cup-shaped structure of limestone (at its base)
known as a corallite. They have a mouth which also serves as
an anus, and is surrounded by a crown of tentacles as shown in
Figure 20. The stinging cells are found in the tentacles which
surround the mouth of the coral polyp. They are called
nematocysts and contain coiled threads which enable the
animal to paralyse its prey. The toxicity of these cells varies
considerably, some being extremely potent. Its hollow gut is
called the coelenteron - which is the animal’s stomach.
Corals feeding

The corallite
The corallite is the cup
shaped limestone skeleton secreted by a coral
polyp.

Corals feed by extending their tentacles armed with nematocysts
and catching microscopic plankton that pass by. When the
tentacle encounters an animal such as a shrimp, the barbed darts
of the stinging cell are fired into the flesh of the prey, killing it
instantly. The prey is then forced into the animals mouth and
into the coelenteron where it is digested.

Fig 20 Corals feeding
Wet Paper
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Seawater containing
calcium and carbonate
ions
++
Ca
-CO 3

Once the food has been broken down and absorbed into the
polyp’s tissue, some of the nutrients are passed to other polyps
by the interconnections that join with other polyps. The limestone
base is added slowly as a result of the polyp absorbing calcium
carbonate from the seawater as shown in Figure 21.
Algae and corals
The reef is not made entirely of coral. The algae play a very
important role in the production of hard calcareous (calcium
type) materials, which helps cement sand, coral pieces, living
and dead material together to form the reef.

Calcium

Carbon
dioxide

CaCO

3

Calcium carbonate limestone skeleton
becomes part of coral
reef when polyp dies

Fig 21 Coral colonies secrete a limestone
skeleton as they grow by extracting calcium
and carbonate ions from seawater.
Ca++ + C03— —> CaC03
Wet Paper

Sunlight

During the day the
zooxanthellae absorb
the sunlight directly by
photosynthesis

Tentacles retracted
during the day
Fig 22 Corals during the day time.
Zooxanthellae live in the tissues of the coral
and convert the sun’s energy into food for the
coral. This is a symbiotic relationship.

Algae also play another important role in promoting coral
growth. Corals are carnivorous animals, but they also obtain
some nourishment from the plant cells embedded in their tissues.
The success of corals as reef builders is due in part to the
remarkable association with these tiny single-celled algae called
zooxanthellae as shown in Figure 20.
The relationship between the zooxanthellae and the coral is one
of mutual benefit (symbiosis). The plant cells gain a suitable
place to live. Like other plants they harness energy from sunlight
to manufacture materials necessary for their own nutrition and
reproduction. They also use the waste products of the coral
polyp for nutrition and growth. The polyp gains oxygen, and
probably food, made by the plant cells.
During the day, reef-building corals usually have their polyps
retracted, or pulled back , into their limy skeletons as shown in
Figure 22. This allows the microscopic plants to absorb as much
light as possible.
Most corals feed at night, and at this time their polyps are fully
extended in search of food as shown in Figure 20. During the
daytime they are retracted within their corallites as shown in
Figure 22.
The night feeding pattern of corals probably occurs because
zooplankton reefs are most active at night. Reef-building corals
flourish in shallow tropical waters, rarely being found below
depths of 60 metres, and with water temperatures ranging
between 20°C and 30°C. Since all plants require sunlight , it is
considered that the presence of the zooxanthellae is a determining
factor, for the depths at which reef building corals flourish.
Recent scientific research has begun to explore the question of
how much nutrition the coral obtains from zooplankton on the
one hand, and from its zooxanthellae on the other.
Some scientists believe that coral obtains most, if not all, of their
nutrient from the zooxanthellae, while others seem to think
zooxanthellae play only a minor role in providing basic nutrition.

Wet Paper
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Coral growth forms
Corals as a group are difficult to
define and generally includes three
types:★ Hydrozoan corals.
★ Soft corals.
★ Stony corals.

When a coral dies, the corallite remains as a hard skeleton giving the
shape we most commonly recognise. The branching coral shown in
Figure 25 below, is one such example. While coral colonies may
form a great many shapes and sizes due to different skeletal patterns,
the coral polyp, which is the fundamental unit, remains the same.
The most important members of the whole Barrier Reef are the reef
builders themselves, the true or stony corals. The builders are tiny
animals called coral polyps, which by building a skeleton of limestone
and by dividing to form new polyps, create the living structures
known as colonies.

Fig 23 Brain coral
Wet Paper

A coral colony is not a group of individuals living together for the
common good, but rather the result of growth and division of an
original founder polyp. In corals which grow as sheets or layers,
new polyps are added, around the edge of the colony. Branching
corals grow by adding new branches as well as extending existing
branches. In mound-like colonies, new polyps are added within the
surface of the mound.
As the colony grows, polyps pull themselves upwards and lay down
a new ‘floor’ of skeleton. The thickness of the floor depends on
weather conditions and other factors, so that accumulation of layers
of floor over the years provides a calendar, somewhat like the rings
in a tree trunk.
The layers of floor allow the age of the coral to be estimated, and
unusual events in its history to be noted. Colonies of stony corals
occur in many different shapes and the intricate sculpturing of some
coral skeletons is very beautiful, while others are so fragile it is
difficult to understand how they survive.

Fig 24 Plate coral
Wet Paper
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Fig 25 Branching coral

These differences among species result in rather specific reef forms
developing under the impact of the environment. The most common
growth forms are the following:
1. Branching colonies that resemble trees or shrubs (Figure 25)
2. Round massive colonies that resemble boulders (Figure 23)
3. Plate or ‘table’ coral which grow as broad circular upward-facing
colonies usually supported by a central column (Figure 24)
4. Corals that occur as sheets sometimes called ‘leaf’ coral. These
are the soft corals you will learn about in Activity 8 on soft corals
at the end of the chapter. (Page 485)
5. Free-living corals that occur unattached on the sea bottom.
6. Solitary corals that consist of a single polyp, often relatively large
(Figure 26 - Mushroom coral is one polyp).
Each of the above types has specific requirements for growth be it
deep, shallow or quiet waters. Corals will die if covered by silt or
exposed to air for long periods of time.

Wet Paper
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How corals reproduce
Coral polyps owe their great success to their ability to reproduce.
They can do this sexually by producing male and female gametes
(sperm and eggs) which unite to form tiny rounded larvae called
planulae. In some corals, separate colonies have either all male
or all female polyps, while in others both sexes occur in the one
colony.
Corals reproduce in late spring and early summer, at night and
usually five or six days after the full moon. Remarkable as it may
seem, this has now been documented by scientists working at the
James Cook University who produced the remarkable video
which you can see as part of one of the end of chapter activities.
Fig 26 Solitary form - mushroom coral
Wet Paper

Sometimes each polyp is both male and female (hermaphroditic)
and contains male and female gonads in the same polyp. The male
gonads produce sperm and the female gonads produce eggs.
These develop in the polyp which releases a bundle of eggs and
sperm into the seawater on only one or two nights each year. The
egg and sperm package breaks open and fertilization takes place
at the surface of the sea as shown in Figure 30 over.

Fig 27 Organ pipe coral

GBRMPA

Wet Paper

Fig 28 An egg and sperm bundle is ejected from a coral polyp
Coral spawning and Figure 28
Photo Peter Harrison, James Cook
University.
From the article The
Annual Coral Spawning Event on the
Great Barrier Reef Great Barrier Reef
Marine Park Authority, available PO
Box 1379 Townsville 4810
A video is also available from
GBRMPA made by James Cook University on Coral Spawning on the
reef. Ask for Reef Report 3/87
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They grow into a planula as shown in Figure 29. The millions
of tiny planulae which are formed live freely in the water for up
to 30 days as plankton, swimming slowly through the water
using their hair-like projections for locomotion. Sometimes the
sperm and egg are fertilized inside the polyp. In this case the
planulae are released from the polyp.
Sometimes the corals are different sexes (gonochoric) and
release separate sperm and egg packages which fertilize
separately. But why at night? Later in this book you will learn
that most fish sleep at night.
Chapter 16 Benthos 477

Do the corals know this and release their reproductive packages
to avoid being eaten? And why all at once after the moon and in
such great numbers? Is it the tides or is it the moon? In science
it takes many years to answer these questions.
After a period of time, the planula will settle down and grow into
a polyp. First it begins to secrete a base of limestone and then
develops a crown of tentacles with a mouth that can ingest food.
As scientists, we are only just beginning to unravel the facts
about the reef. This coral story may only be true for our reef, and
its takes years of research to uncover what really happens.

zygotes

Fig 29 Planula stage. Photo Peter Harrison GBRMPA.

planula larva

Planula larva

Budding
A second form of reproduction
called budding can take place,
where another polyp grows off
one of the sides. As this grows
bigger, it too develops a mouth
and tentacles and finally falls off
and grows beside the “parent
polyp”.
Budding is useful for
corals where there is a lack of
solid substrate

Eggs

Ovary

Egg bundle
Sperm

Testis
Juvenile polyp

Fig 30 Male and female gonads can develop in the one polyp
Wet Paper

Cunjevoi
Living on rocky shores and exposed to wave action are cunjevois
or sea squirts, which are closely related to the vertebrates. The
sea squirt has a backbone made of a "cartilage like " substance
called a notochord.
Water is brought into the animal from an incurrent siphon and
passed over gills and a mouth. Food is filtered from the seawater
and oxygen is exchanged for carbon dioxide at the gill surface.
The food is broken down in the stomach and absorbed in the
intestine and voided at an anus near the excurrent siphon. The
animal is cemented to the rocks and can withstand wave action
because of its streamlined shape.
Fig 31 Cunjevoi on a rocky shore
Wet Paper
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Cunjevois form part of the sublittoral zone on a rocky shore,
which is introduced in the next chapter.
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Commercial methods - prawn trawling

Trawling
Refer back to the discussion of the
trawler on Page 438
gantry

extension
piece

radar
wheelhouse

net
otter
board

Wet Paper

Prawning is big business and requires special equipment and
personnel. Technology has advanced to the point where satellites
and on-board computers track the prawns. However, if 70-80%
of all prawns are caught, the 1% of the population has enough
power to re-populate the 99% catch.
To trawl for prawns, the estuary bottom must be free of rock and
reefs. Apart from those restrictions and depth, prawn fisheries
operate all around Australia. The most famous grounds are the
Gulf of Carpentaria, where a good catch can yield $4,000
A chain called a tickler chain rattles along the bottom just in front
of the net and is said to frighten the prawns. They jump up and
into the net and are caught in the cod end.

Fig 32 Prawn trawler with extension arms down and otter boards
Wet Paper

The net is winched aboard, with the mouth of the net held high
on the gallows. A “lazy” line, which ties together a hole in the
cod end is used to manoeuvre the cod end over the sorting tray.
When in position the lazy line is undone and the catch spills into
the sorting tray. Prawns are then hand sorted and the “trash”
(crabs algae, small fish etc..) is thrown back to a pod of hungry
dolphins which always follow a trawling boat. The prawns are
then snap frozen in the storage area below the sorting tray or
cooked and then frozen.
Buying, peeling prawn and eating prawns
Eating a prawn cocktail is an Australian way of life. When
selecting, transporting and storing prawns, the Fish Promotions
Unit recommends you look for the following:• A bright, clean looking shell with head and shell segments in
tact and no discolourations.
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a. Hold the body and twist off the head

b. Pull back the legs removing the centre
section of the shell in the same motion

• Antenna long and intact.
• A fresh sea smell should be present. A musky or sour smell
is unacceptable.
• Maintain the lowest possible temperature without freezing
the prawns by using a small cooler and ice to transport
them home.
• Store prawns loose in a large bowl or crisper drawer in the
refrigerator. A layer of crushed ice under and over the
prawns will keep the prawns cold and prevent the shells
from drying out.
To peel a prawn requires practice. However after about a
dozen prawns you will get the general idea. The fish
promotions unit recommends the following technique as
outlined in Figure 34.
• Hold the body and twist off the head (Fig 34a.)
• Pull back the legs removing the centre section of the shell
in the same motion (Fig 34b)
• Squeeze the tail segment and gently pull out the flesh (Fig
34c)

c. Squeeze the tail segment and gently pull
out the flesh
Fig 33 Peeling a prawn (Illustrations courtesy
Fish Promotions Unit)

Research questions
1. Find out how pearls are cultured.
2. How much does an abalone licence cost? How many are issued? Write to the Tasmanian
Fishing Industry to find out?
3. Visit a local trawler boat operator.
Ask him how he sets his nets;
where he processes his food.
4. How are prawns cooked.
List 4 prawn recipes.
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Fig 34 A prawn cocktail. Prawn recipes can be found by writing for this
free booklet c/- Fish Promotions Unit, PO Box 344, Fortitude Valley, 4006
(Photo courtesy Qld Fish Promotions Unit)
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Review questions
1. What does the term benthos mean?
2. List 4 adaptations of benthic animals.
3. Outline the life cycle of a seaweed. Use a diagram to illustrate your answer.
4. What is a thallus and how is it different from a holdfast?
5. What are spores and how do they assist a seaweed reproduce?
6. Draw a diagram of a seagrass identifying clearly the following features:- longitudinal leaf veins, leaf tip, leaf blade,
ligule, leaf sheath, erect shoot, leaf scars, internode, branching roots, node, single root, rhizome, leaf scales,
prophyllum, oval leaf blade, petiole, cross vein.
7. Draw a diagram to show how sea grasses differ in distribution along a transect carried out from a saltmarsh, through
a mangrove swamp to a sandy beach.
8. List any five animals found in association with a sea grass bed.
9. How is colour used as an adaptation to help benthic animals survive?
10. Draw a diagram of a generalised benthic animal to show how anatomical features are used as adaptations to this
form of existence.
11. Name any two features of the mollusc group.
12. Why are gills protected by a mantle cavity in molluscs?
13. Draw a diagram of a prawn identifying clearly the following features:- telson, abdomen, carapace, cephalothorax,
2nd and 1st antennae, eye, rostrum, walking legs, swimming legs.
14. Draw a diagram of a crab identifying clearly the following features:- claw, chela, carapace, walking legs, swimmeret,
coxa, gastric region, branchial region, cardiac region.
15. What is the thelycum and how does a male using a spermatophore packet use it?
16. Where does a female crab keep her eggs.
17. Outline the life cycle of the prawn identifying clearly where the nauplius, zoea, mysis and post larval stages occur.
Draw diagrams of each of these stages and identify clearly any characteristic features.
18. Draw a diagram of the head of a polychaete worm identifying clearly the following distinguishing features:- jaws, palp,
eyes, everted pharynx, parapodia, body segments.
19. Draw a crossectional view of a free swimming polychaete identifying the body cavity, gut, muscles and bristles.
20. Draw a diagram of a tube worm showing its filter feeding crown, operculum, bristles, reduced thoratic parapodia and
calcareous tube.
21. What is a cleaner fish and what does it clean?
22. Draw a diagram of the internal features of a cephalopod showing the stomach, mouth, anus, gill, shell, mantle,
tentacle and arms.
23. What are pinnules and for what purpose are they used?
24. Sea cucumbers are sometimes called the vacuum cleaners of the sea. Why is this so and what important function
do they play in the ecology of a intertidal area?
25. What makes a brittlestar brittle?
26. Where is the anus found in a starfish in relation to its mouth? What adaptive significance is this?
27. What is regeneration and in which group of marine animals is it best developed? Give an example.
28. Corals are closely related to which group of animals?
29. Draw a diagram of a coral feeding showing the tentacles, mouth, coelenteron, polyp and corallite.
30. What is the corallite?
31. What are zooxanthellae and what purpose do they serve the coral polyp?
32. How is the limestone of a coral reef made?
33. Name and sketch any four coral growth forms?
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34. Draw a diagram to show how corals reproduce identifying the following parts. Ovary, egg, sperm, testis, egg bundle,
planula larva, juvenile polyp.
33. What is a cunjevoi?
34. What is a tickler chain and how does it help catch prawns?
35. What should you look for when buying a prawn?
36. Name three steps in peeling prawns.
37. Why can’t prawns be trawled off the Continental Shelf.
38. Draw a crossectional view of a prawn trawler.
39. Describe how the prawn catch is brought aboard.

Research topics
1. How are scallops caught? What part of the scallop is trash? Is processed?
2. What is the legal crab length? How is it determined?
3. How are oysters farmed?
4. What is an abalone licence and how are abalone caught?
5. How are mussels farmed?

Research assignments
1. Sea anemones and sponges
1. What is the difference between an anemone and a sponge?
2. What are spicules and where are they found?
3. What is a coelenteron, and what is its purpose?
4. Are sponges commercially harvested? If so where?
5. What is budding and how does it occur?
6. What are the names of the stinging cells in the tentacles of the sea anemone called?
7. Find out about the anemone and the clownfish. Look up Sea World’s Project Neptune Master Kit
8. What is acclimatisation and how does it affect the clownfish?
9. List any five scientific names for the sea anemone. Now list three different species with the same generic name.
10. How is water circulated around the sponge?
11 How many cells thick is a sponge?
12. Are sponges important to humans? How?
13. Write a sponge poem.
14. Research how an anemone feeds.
15. Are any anemones poisonous to humans? If so, which?

2. Clams and cone shells
1. To what phylum do cone shells belong?
2. Are clams in the same phylum as cone shells? If not, to what phylum do they belong?
If so, to what class within the phylum do they belong?
3. Are some cone shells poisonous? If so, which?
4. Can a giant clam crush your hand?
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5. Do clams have algae with symbiotic bacteria? What do they do?
6. What is a radula and what does it do?
7. Are cone shells collected? If so, why?
8. Do cone shells have eyes?
9. Is the term cone shell a good name for the animal? If so, why?
10. List three different cone shell species from the same genus.
11. Name two methods by which clams feed. (Are plants involved?)
12. Find out about the incurrent and out currents of clams?
13. What are the relatives of clams?
14. If stung by a cone shell, what is the emergency procedure?
15. Draw a diagram of the mechanism by which a cone shell inflicts its venom.

3. Echinoderms
1. What does the word echinoderm mean?
2. Is a sea cucumber an echinoderm? Does it have another name?
3. Are Sea Cucumbers harvested and exported for their meat?
4. If so where and by whom? Is there any money to be made from the export trade?
5. Are permits required to collect them on the Great Barrier Reef?
6. Why is the Crown of Thorns such a topical newspaper animal?
7. How does it eat its prey?
8. What is its natural predator?
9. Are the thorns dangerous? What happens if you stand on one?
10. Do sea cucumbers play chemical warfare and why and with whom?
11. What are sea eggs and where are they found?

4. Corals
Here are some questions and statements that will help you focus your ideas in this project:1. What is the difference in feeding patterns between soft and hard corals.
2. Make a coloured poster of the coral polyp as depicted in Reef Note page 3. Use it to show how food is transmitted
from one polyp to another and food is caught.
3. Write a paragraph on coral reproduction and the great spawning event on the Great Barrier Reef.
4. What is chemical warfare as it relates to soft corals.
5. How do soft corals kill hard corals?
6. Can soft corals move? If so, how?
7. What is the natural predator of the soft coral and how does it avoid being stung.
8. Make a drawing of an animal that builds a tube into a coral colony.

5. Lobsters
1. How is lobster cooked?
2. Where are they caught and how are they brought to market?
3. How much is lobster thermadoir in your local restaurant?
4. Write a paragraph on how lobsters mate and
reproduce.
5. Use a diagram to illustrate your answer. You can find one in this book.
6. What is a fishery?
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Fig 35 Hermit crab and shell
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7. How many eggs does a female lobster produce?
8. What is an adaptation, and list any five that you can see in the drawing opposite.
9. Copy the drawing on Page 469, Fig 6, and write in the names of the following appendages:
(a)

walking legs

(b)

swimming legs

(c)

tail fan

(d)

reproductive legs

(e)

antennae

10. Have you ever eaten lobster? If so, where? Did you enjoy it?

The shell brochure refers to the
GBRMPA Brochure on Shells, PO
Box 1379 Townsville 4810

6. Shells
Here are some questions and statements that will help you focus your ideas in this project:1. Use the shell brochure to find out where a Chiton lives. How does this shelled animal feed?
2. How were buttons made before 1950 in Australia?
3. Draw a diagram of how button blanks were made from Trochus shells. How were these shells harvested in
Australia?
4. Write two paragraphs about the
reproductive biology of the Trochus shell.
5. What are the trochus shells natural enemy?
6. To what group of animals do
shells belong?
7. What are the principal shell bearing classes?
8. What is the Queensland shell collectors club code?
9. What are two ways in which clams feed?
10. What is your attitude about collecting shells on the reef?

7. Commercial use of algae

Fig 36 Algae
Wet Paper

Read the following and write a summary on the commercial use of algae. "If someone asked you if you had eaten
seaweed, you would probably say “no”. Who would eat that green slimy, smelly stuff so often seen washed on the beach?
However, if someone ask you if you had ever eaten icecream, and you answered “yes”, then you have indirectly eaten
seaweed. One of the products extracted from seaweed is “agar - agar” which is used in ice cream to make it smooth
and creamy. People in China and Japan have been using seaweed for centuries as a source of food. The ancient
inhabitants of Japan ate certain species of seaweed, Porphyra, as a supplement to their rice diet. Even today seaweed
is known as a delicacy to the Japanese. Known as “nori”, the demand has grown steadily and seaweed is now being
farmed as a vegetable. In Europe, species of seaweeds have been used for food for over twelve centuries. The best
known and most widely used food algae in Western Europe in recent centuries is Irish Moss, Chondrus, which is cooked
in milk, seasoned with vanilla or fruit, and made into a highly edible dish. Many countries today are facing serious food
shortages. Increases in population have forced the agricultural farmers to give up land for housing. Many scientists are
now exploring the possibilities of culturing or farming the ocean. Researchers are looking for substitutes for regular food.
“New” crops must be able to grow a number of times a year, in little space, and at low cost. In addition, they must be
nutritious and produce needed vitamins and minerals. Researchers have found that not only are algae a suitable
substitute, providing the necessary protein, carbohydrates and vitamins, but that they produce a higher yield of food
per acre than regular food crops. What other uses do seaweed have? In addition to providing food for humans, they
provide fodder for sheep and cattle industries. When they are allowed to rot in the field, they can also be used as
fertilisers. Seaweeds also produce a number of very important resources. One of these is called alginic acid. It is used
to prepare soups, sauces and creams; it is used as a thickener in cosmetics and drugs; it is used in preparing polishes
and paints and can be used during surgery to stop bleeding. A jelly - like substance called agar-agar (or simply agar)
comes from a certain type of red algae. The most important use of agar is a substrate for growing fungi and bacteria.
It is also used as a stabiliser or emulsifier in foods such as icecream, jams, jellies, candy and cheese. In addition, it is
used in cosmetics, leather and pharmaceutical industries. Agar is also used in canning fish, sizing fabrics and in the
paper industry. Carrageenin is very much like agar and is taken from Irish Moss, another of the red algae. Carrageenin
is often used as a cough remedy, as a pharmaceutical emulsifier and is utilised in textile, cosmetic and brewing industries,
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(it prevents wines form becoming cloudy). Seaweeds then provide more than oxygen, food and habitat for marine
animals. Without realising it, most of us use some form of seaweed every day. In addition, with a growing population
and decreasing amounts of farmland, mariculture could become a real necessity."

8. Corals
You will need per class
*

8 copies of each of the pamphlets “A Coral Polyp” and “The Soft Touch”

*

A partner

What to do
Half the class can work for 15 min., in pairs on one of the brochures and then swap. Use the information in the brochures
to
*

draw the corallite, which provides support and protection for the soft bodied polyp which is able to retract when
not feeding.

*

answer the questions below

The Soft Touch
1. Define soft corals.
2. What do they lack in their skeletons?
3. What role do small algae play that live inside the tissues of the coral ?
4. Write two sentences on the chemical defence mechanisms of soft corals.
5. What role do the thorn like spicules play in the protection of these corals?
6. How is the egg cowrie able to eat soft corals?
7. What scientific evidence has been obtained which explains why the egg cowrie doesn’t die after eating soft corals.
8. Why is the Great Barrier Reef not a soft reef?

The Coral Polyp
1. Complete the sentence, Coral reefs are the only major.....
2. Describe a coral polyp in two sentences.
3. Explain what happens to hard corals during the day and why?
4. What are corals closest relatives?
5. What are septa?
6. Who are zooxanthellae and what do they do?
7. Describe how corals feed.

Fig 37 Coral clump

8. Make a coloured drawing of the coral colony on page 3 of the brochure.

Wet Paper

9. Coral Spawning Event on the Great Barrier Reef
You will need
A copy of the brochure, ”The Annual Coral Spawning Event on the Great Barrier Reef”. A copy of the Video, “Reef Report
3/87, segment on coral spawning”.

What to do
Watch the video and answer the following questions on the brochure.
1. When do corals spawn?
2. Why do they spawn at night?
3. How long do eggs take to ripen?
4. What do you understand by the terms “hermaphroditism” and “gonochoric”?
5. Do sperm and eggs from the same colony fertilise each other? Give reasons for your answer.
6. What is the planula and how does it form?
7. Is the story the same for all corals or is there some variation in fertilisation methods?
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Activity 1 Crab Paintings
What you will need
*

Preserved crabs

*

Dissection dish or board

*

Water colour paints or coloured pencils

What to do
1. Lay out the crab on the dish or board in front of you
2. Count the number of appendages.
3. Locate the eyes, the mouth parts, swimmerets, carapace, pincers, antennae, abdomen.
4. Determine the sex of the crab. Look at the flap.
5. Now do a pencil sketch.
6. Then paint the colours

Activity 2 Prawn or crab life cycles
You will need
*

Monocular microscope

*

Plankton sample and prawn (green or cooked)

*

Petri dish

*

Microscope slides and coverslips

*

Dissection dish

Part A: External Features
1. Lay the prawn out in a dissecting tray.
2. Remove all the external appendages
and stick them in a folder.
3. Use reference books to identify the parts
mentioned in Figure 6 Page 469

Part B Larval stages
1. Collect a sample of plankton.

Fig 38 Crab life cycle (Illustration undated QFMA Brochure)

2. Use reference books to identify the following stages, nauplius, zoe, mysis, post larval.
3. Make original drawings from microscope analysis. Then write a report of your investigation called the “Biology
of the Prawn”

Activity 3 Using a Key
You will need
*

A selection of prawns

*

Dall’s key to the Common Australian Prawns ( write to the C.S.I.R.O. for this.)

What to do
1. Use the key to identify the structures mentioned in this key.
2. Use the key to identify the prawns in the sample species level
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Activity 4 Pressing seaweeds
The objective of this activity is to prepare herbarium mounts of marine algae. Note: Always check with the National
Parks and Wildlife Service before making any kind of a collection
You will need
* Plastic bags and ties
* Labels
* Shallow pans and trays
* Probes
* Dissecting needle
* Scissors
* Putty Knife
* 5 x 8 file cards or herbarium sheets
* Plant press
* Wax paper
* Cellophane wrap
* Identification keys
* Field notebook
Fig 39 Red Algae (After Oats 1985)
What to do

Wet Paper

Part A In the field
1. Collect seaweeds at low tide. All specimens from each particular habitat should be placed in the same bag.
Remember the specimens should fit the 125mm x 200mm card (with 80 mm free for information) so limit the
size of the specimens. Number the bag and record the information in your field notebook as to where the
specimen was found.
2. Try to collect living specimens. Dried, decaying or insect eaten plants are worthless. The plant’s holdfast should
be carefully removed from the substrate with a putty knife.

Part B In the classroom
1. Wash the specimen thoroughly to remove all mud and debris. Trim the specimen if necessary to fit the 125 mm
x 200 m card.
2. Try to identify the specimen with the use of the key, pictures or comparison. It is much easier to identify
seaweeds when they are wet.
3. If the specimen is coarse, it can be spread out on the card by hand or teased out with the dissecting needle.
4. If the specimen is delicate, it may have to be “floated out”. Place the algae in a shallow pan filled with water.
Float the specimen to a natural position. Slip the card under the algae and carefully lift the card so that the water
will drain.
5. Leave the lower 80 mm of the card under the algae free, for the label. The label should be written in a pencil
and contain all the information on the sample label (see illustration), so you can identify it after pressing.
6. Place the specimen on blotter paper (or newspaper). A number of specimens can be placed on one blotter.
Place a piece of wax paper over each of the specimens.
7. Place the specimens in the plant press in the following manner and make a sandwich in this order:- Cardboard,
newspaper, blotter, wax paper, (specimen on card), newspaper, cardboard. After stacking all of your
specimens, place the pieces of plywood on either side. Secure the press with belts or ropes.
8. Place the plant press near a heater (or a fan) so that air blows through the cardboard spaces.
9. Change the layers of blotting paper and newspaper once each day so that drying is thorough.
10. Most plants “glue” themselves. If not, glue them to a piece of mounting paper and label.
Questions
1. What was the most abundant species of marine alga you have found? The least amount?
2. What educational value does a herbarium collection have?
3. Of what value is the information that is recorded on the label of the seaweed specimen. Note: It is suggested
that the instructor choose the best specimens each year and use them to build up a school phycology collection.
Be sure to cover with a plastic to preserve the collection.
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Process skills

Content
●

The importance of local mangroves

●

Sampling methods

In depth study
●

Habitats of specific life form in a
selected environment

●

Food chains and food webs found
in a selected environment

●

The rocky shore

●

The mangrove swamp

●

The reef

●

An intertidal flat

●

Coastal dune systems

●

Interpret data compiled by direct observation during field study in a selected
environment

●

Construct a food chain

In depth study
●

Use keys to identify marine organisms

●

investigate the characteristic features of
a marine organism including external features, feeding, life cycle and adaptation

●

Interpret data complied by direct observation during field study in a selected
environment

Topics

Biotic and abiotic features
Some ecological principles
The rocky shore ecosystem
Sand dune ecosystems
Offshore islands and reef ecosystems
Mangrove and wetland ecosystems
Research projects

Skills

Attitudes

●

Use appropriate sampling equipment
with due care for sound conservation
practice

●

An understanding of the relationships
between abiotic and biotic resources of
the sea

●

Pencil sketch an organism from the
marine environment

●

An appreciation of the finiteness of the
biotic resources of the sea

490 Chapter 17 Ecosystems

Marine Studies Copyright Wet Paper 2014

This chapter
Chapters 11, 12 and 13 examined
abiotic factors in detail. Chapters
14, 15 and 16 examined biotic factors.
This chapter will take you so far
with each ecosystem and then
leave you to complete your knowledge from your own local ecosystem. Common features are found
in most systems and these are
discussed.

What is an ecosystem?

The marine environment straddles the earth and its diversity of
life forms is immense. Any marine ecosystem is affected by
living (called biotic) and non living (called abiotic) influences.
These influences determine the distributions and abundance of
organisms in the environment. The influences we call variables.
Some biotic variables are
• food, e.g. producers, consumers or decomposers; habitat, e.g.
sponges can also provide homes for other animals and plants;
territory, e.g. many fish are caught because the bait presented
to them threatens their territory and they dart out and bite at
it.
Some abiotic variables include
• oxygen, carbon dioxide, nutrients such as nitrates, phosphates
and silicates, waves, currents, temperature, pressure, light,
salinity, pH, turbidity, biological oxygen demand and available
light. Abiotic influences have already been discussed in the
chapter on seawater quality and it is hoped that in the research
reports that form an integral part of this chapter, you will have
the chance to study their effects.

Wet Paper

An ecosystem is an area in which
animals, plants and/or microorganisms live and die. It could also be
defined as a unit of biological organisation comprised of biotic components. Ecosystems can be as
large as a barrier reef or as small as
the intestine of a fish. Marine scientists have great difficulty in defining them and have trouble researching them because of their vast size.
Is the Pacific Ocean one ecosystem or many interlinked? We should
realise that the activities of one
nation will affect the life of another.
We are a world community sharing
a common resource in the sea and
we all have a duty to develop it so
that the resource can sustain itself
for as long as possible. Why do
you think people who live in Sydney are opposed to underground
nuclear explosions in coral atolls
near South America?

Fig 1 Abiotic and biotic variables affect marine ecosystems
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Some ecological principles of ecosystems
All ecosystems have some common elements and these are summarised below and
elaborated in each of the ecosystems discussed.
• Energy comes in from the sun causing the green plants to photosynthesis to
manufacture organic molecules (carbohydrates) from carbon dioxide and water.
The plants combine the carbohydrates they make during photosynthesis with
inorganic molecules to make the organic molecules such as protein.

sunlight

sea surface

photosynthetic
production

uptake
100 metres

'yield'
of fish

upwelling of
nutrients
grazing animals
thermocline
grazing animals
faecal pellets to
deep water

Fig 2 Energy in the ecosystem.
(After CSIRO Oceanography,
1987)
Wet Paper

nutrients
regenerated by
decomposer
benthic organisms

Living materials
Scientists from the Australian
Academy of Science estimate
that plants are the basis of 99%
of all living materials.

• Organisms that make their own food using sunlight are called
autotrophs or producers.
• Organisms that feed on this organic plant matter and which
cannot make their own food are called heterotrophs or
consumers.
• When one consumer feeds on another a predator prey
relationship is said to exist which usually results in a food
chain.

Cormorant
Diatoms

Copepods

Small cod

Fig 3 A food chain
Wet Paper
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Baleen whale

Toothed whale

Pelican

Squid
Pelicans Seals

Dugong

Penguins

Heron

Fish

Large fish
Turtle
Arrow
worms

Krill

Jellyfish

Mud whelk
Prawns
Crabs

Copepods

Phytoplankton diatoms, dinoflagellates

Turtle

Worms

Larval forms of fish,
molluscs and crabs
Eel grass and
turtle weed

Small fish
Eel grass

Phytoplankton
Zooplankton

Fig 4 Food webs from previous chapters
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• If we draw arrows indicating who eats who we create a food chain.
• If we put all these food chains together we have created a food web. (We have seen
two before as shown in Figure 4)
• Energy is lost along food chains at places called trophic levels and the rate of loss
decreases by a factor of 10 through each
trophic level. The further up you are
the bigger you become.
Small fish
(Primary carnivores)
• The combined weight of
the producers is the
biomass and this gives
Zooplankton
(Herbivores)
an indication of the
Tuna
(Secondary carnivores)
productivity of an
Phytoplankton
ecosystem.
(Producers)

Killer whale
(Tertiary carnivores)

Tertiary carnivores
Secondary carnivores
Primary carnivores

Productivity

Herbivores
Producers

Fig 5 Trophic levels and ecosystem productivity (After Thurman and Webber 1984)
Wet Paper
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Territoriality
In nearly all ecosystems, some animals
claim and defend places they call their
territory. Some fish are extremely territorial and can be caught by fooling them with
bait that enters their territory.
Birds are very territorial as are many other
marine animals. As a result of this defence
of territory, groups of animals can form
societies with territorial rules. These rules
are set down by a set of dominance
hierachies which can be seen in seal and
bird colonies. Dominant males fight for the
right to mate with females.

Symbiosis as defined by the dictionary of biological terms, is "an
association of dissimilar organisms whatever the relationship
between the two partners." Lerman (1986) has classified this
relationship as follows:
• When a consumer lives on another and feeds directly on the
living tissue, a host- parasite relationship is said to exist. e.g
a tapeworm in the gut of a barramundi.
• When one consumer benefits while the other neither gains nor
loses commensalism is said to exist. e.g the goby and the
shrimp. The goby lives in the hole dug by the shrimp, or the
shark and remora form a commensal relationship.
• When both benefit by the relationship, mutualism is said to
exist. e.g. the sea anemone and the anemone fish both benefit
by co-habitation.

Wet Paper

Penguins mark out their territories with
rocks and other animals lay chemical scent
markers with urine.

Symbiosis in marine animals

Fig 6 Symbiotic relationships

Cycles in ecosystems
The goby and the schrimp
In this, relationship is between two animals that
share a burrow in the sand. A burrow provides a
home to raise the young, protection from predators and a place to rest. The shrimp digs the
burrow because it has specialised hands called
appendages which can dig the burrow.
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Important materials cycle in ecosystems so that the organisms in
them do not run out of chemicals. Carbon, oxygen, nitrogen, and
phosphorous are four important cycles that are summarised on
the next page. Each is interdependent upon each other as we shall
see later in the chapter and in your individual research projects.
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Carbon cycle - refer back to page 402 for example
Atmosphere
CO

2

CO

CO

2

2

Sugars,
starches,
proteins
and fats

Photosynthesis
(diatoms)
2

CO
Chemical reactions
as CO2 dissolves in
water

Oxygen cycle

Cellular respiration
(fish)

2

-see page 541 for example
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CO

Cellular respiration
and decay

O2

O2
O2
Atmosphere

O2

Diffusion

Photosynthesis
(Primary producers
marine plants)

O2

Cellular respiration
(Plants and animals)

Nitrogen cycle
H 2O

- see page 508 for example
Atmospheric
nitrogen
Nitrogen fixation

Nitrates
Nitrate

Denitrifying
bacteria

Synthesis of animal and plant protein

Nitrifying bacteria

Proteins
Excretion of nitrogen waste

Decay bacteria

Ammonia

Phosphorous cycle - see page 509 for example
1

Dissolved organic
phosphate

Particulate organic
phosphate
Plants
Animals F
ae
ca
lp
ho
sp
ha
te

Rocks on land are reservoir for phosphorus.
Weathering releases inorganic phosphate to sand
grains which wash down rivers and are carried to
beaches by wave action.

4

Inorganic phosphate

2

3

Detritus

Detritus
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Bacterial decay and
excretion

Roots of the plant actually seek out the phosphorus on sand grains which have been carried

Fig 7 Cycles in the marine world with some page references for examples
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A population is a group of individuals
who get together for a common purpose.
Sometimes the group is bound by a
social order and a society is said to
exist. Whales exist in distinct groups
and travel on migrations together. Seals
and penguins breed in rookeries and
birds migrate as populations for vast
distances travelling through many ecosystems.
The fact that groups of animals do exist
and their population numbers vary, is a
characteristic of ecosystems.

Populations and cycles
The numbers of individuals also varies from year to year .
Seasonal changes in phytoplankton populations in coastal marine
waters can change. Summer plankton levels are often higher
than winter levels. In temperate waters, the second plankton
bloom may not be present due to water temperatures

Phytoplankton

Relative numbers of plankton

Animal groups

Zooplankton

Bloom
Winter

Secondary
bloom
Spring

Summer

Autuum

Winter

Fig 8 Population cycles in plankton (After Lerman 1986)
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Habitat
A habitat is the living place of an
individual. A fish lives in a marine
habitat. A bird can live in trees or
in the air and so have two habitats. A worm can live in a burrow
and so that would be it's habitat.

Productivity
The amount of food produced by
an ecosystem is called its productivity. Coral reef ecosystems
are the most productive ecosystems in the world today, followed
by rainforests, estuaries and
mangrove swamps. Areas close
to upwellings and continents are
areas of high productivity which
is one important reason for the
declaration of the exclusive economic zone.
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Biological succession
If you study the edge of an ecosystem, you can often see changes
from simple organisations of individuals to more complex ones.
This is called succession and is defined as, "the replacement of
populations in a habitat through the regular progression to a
climax or mature community; brought about by organisms that
change the environment" Lerman (1986). A mangrove swamp
has different species at the water's edge compared to 200 metres
inland. Succession has said to have occurred from the water's
edge to the well mature mangrove ecosystem. Succession can be
seen on the beach as you move through the sand dunes to the
heathland behind. Succession can be seen on a rocky shore or in
a pool. The change from one pollution to another is another
characteristic of ecosystems.

Ecosystems
The best way to understand ecosystems is to make a study of
those that are accessible to you. In making the study you should
look at both the abiotic and biotic features, plus discuss the
principles of succession, habitat, populations, food chains and
food webs and some practical ways to conserve and protect the
ecosystem from destruction by humans. In Australia it should be
possible to find one of those listed below.
• Rocky shores
• Coastal dunes
• Offshore islands and reefs
• Mangrove swamps and intertidal mud flats
Marine Studies Copyright Wet Paper 2014
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Fig 9 Most places in Australia have a rocky shore and
a sandy beach

The rocky shore
Most coastal towns of Australia would have a rocky
shore somewhere nearby and it seems reasonable to
use this as the first example in marine ecosystems.
Rocks provide the places for the marine organisms
to live and the tide brings in life giving forces.

What the shore looks like
A rocky shore has a wide variety of
shapes and sizes. It could be a long,
flat wave cut platform with numerous
pools and boulders or a cliff face
with large boulders scattered along
the bottom.

The rocky shore is a hard place to live. Waves
continually break with great force, the tide goes out
twice a day leaving organisms exposed to heat and
predators. If organisms live in a pool, it can dry up
or the water become very saline creating great
difficulties for an organisms bodily functions. Tides
have a great influence on rocky shores, with some
animals and plants timing their reproductive cycles
to coincide with the high waters of the spring tide.

Whatever the case, the gaps and
cracks provide places for animals to
live and they must have certain features that help them survive.

headland
high tide
low tide

Supra littoral
zone
Littoral zone
Sub
littoral
zone

Traditionally scientists have divided the rocky shore
up into three zones as shown in Figure 10.
• The supralittoral or splash zone which is kept
moist by waves and is usually above high water
spring,
• The littoral zone, which can be divided into
three subdivisions upper, middle and lower, is
the area between tides and is shown in Figure 11,
and
• The sublittoral zone .

Fig 10 Zones on a rocky shore
Wet Paper
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Fig 11 The littoral zone (left) and sub littoral zone (right) of a rocky shore provide many different habitats for organisms

high tide

low tide

Fig 12 Some animals can roll up when
exposed to sunlight to prevent desiccation
Wet Paper

Antenna

Shell

High tide

Head

Foot

Operculum

Low tide

Fig 13 Some animals can close up shop with
an operculum at the end of their shells
Wet Paper
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Characteristic features that allow an animal or plant to live in a
particular zone are called adaptations. Some of these can be:• Shape and size. For example if the animal or plant lives
where the waves break directly on or near organisms in the
littoral zone these adaptations would help:• A conical shape is found where animals are found facing the
sea. Barnacles and shells have this shape.
• A flat shape allows a crab to slither in between crevices and
under rocks.
• Shells have a conical shape to disperse the forces of waves.
Algae forms tuffs where wave action is strong or long flat
ribbons in pools.
• A sea anemone can open in a pool and then close when the tide
goes out
• A large muscular foot can be found under animals exposed to
wave action. A single body opening that can be opened and
closed when exposed for long periods.
• Colour adaptations. Animals and plants exposed to sunlight
tend to match the colour of their surroundings. Periwinkles
are light blue, algae brown or hat shells beached to appear like
sand of broken rocks. In pools or cracks, animals tend to be
coloured on one side and light on the other. Animals match
the colours of the algae in the pool or the surrounding
substrate.
• Movement adaptations. Many animals and plants are fixed to
the rocks by a hard sucker such as many shells, or are
cemented by a sticky base in the case of barnacles. Some
animals have long spiky legs which can cling on when water
washes over rocks such as a crab
• Reproductive adaptations. Organisms reproduce with the
highest tides, have large numbers of sperm and eggs to
increase the chance of survival and larval stages are largely
planktonic so that when they grow they have a better chance
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Green algae
Green algae

tough "leathery
"epidermis

thick encrusted
holdfasts

round, flat, thick epidermis
resists desiccation and absorbs waves as they break

base cemented to rocks

Wave washes up,
operculum closed
and shape absorbs
forces of breaking
wave

Barnacle

Crab

Rock

Wave washes
back, operculum
opens, feeding cirri
flick our and catch
planktonic animals

Feeding
cirri

Wet Paper

Barnacle

Fig 14 Some animals and their adaptations to a rocky shore ecosystem
Wet Paper

mouth
(under)

anterior

girdle
plates

strong foot
(under)

• Feeding. There are the scavengers - the crabs which gather up
the remains of animals smashed on the rocks. The producers
are the algae found in the pools and clinging to the rocks by
their holdfasts. These take in the sun's energy and provide
food for the consumers further up the food chain. Small fish,
crabs, shells, prawns would all feed on algae.
• The chiton, (Fig 15), a mollusc, also is well adapted. Some
of these adaptations include - dorso-ventrally flattened (to
withstand the force of waves), hard fleshy gridle, tough
plates, strong foot with a mouth that has a radula for scraping
off algae

Fig 15 A chiton - dorsal view
Wet Paper
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Plant and animal relationships
Mutualism. Examples on the rocky
shore include the sponge crab which
holds a sponge on its back while it
moves around disguised as a sponge.
Hermit crabs can have sea anemones
on their backs also.

Distribution of organisms
Organisms are distributed according to tide and adaptations.
Those that are really well adapted tend to dominate an area.
Barnacles and chitons are good examples in the lower littoral
zone where wave action is high and there are not many animals
that can hang on as well. Figure 16 shows some possibilities.

If you look into the corner of a rock pool
you may see a brightly coloured fish
inside what looks like a flower (see
Figure 6). A closer examination reveals
that the flower is called an anemone,
and the fish , an anemone fish.
A sea anemone is a coelenterate which
has a hollow stomach acting as a mouth
and anus, so it must have a base to
anchor itself to the rock. The tentacles
are armed with rows of stinging cells
which kill the prey on contact. After the
prey is caught with the tentacles the
food is then pushed into the stomach (or
coelenteron) where it is digested.
But what prevents the fish from being
stung and dying also? The answer lies
in the skin which is covered with a mucous that in part protects the animal
from being stung, but allows a controlled stinging to occur.
If you are lucky enough to go to an
aquarium that has these fish, look carefully at the way the fish behave. You
can see how they swim into the tentacles, get stung a few times and then
swim out.
This process has been called acclimatisation and is a behavioural adaptation developed by this species of fish.
By becoming progressively stung the
animal gains a certain amount of immunity to the stinging cells.
But what is the relationship and how will
each benefit from symbiosis? The fish
attracts the food to the anemone which
stings it to death or slows it down. The
fish then chews at the prey and some
bits fall into the anemone's mouth or are
taken in by the tentacles. This way they
are partly digested.
At low tide there is a problem. The pool
that the animals live in dries up or gets
so shallow that it heats up. How do you
think the animals will cope?

Fig 16 Distribution patterns on a rocky shore. (After Baldock (1971) in
Above and Below High Water, SA Ed. Dept. Reproduced with permission)

The distribution of organisms will differ from State to State due
to water temperature, wave action, levels of pollution or use by
local communities. The organisms shown in Figure 16, show
the relative distribution and abundance that can occur on a rocky
shore. Notice how the same species are only found in certain
zones while others are distributed over the entire rocky shore.
Others are dominant at certain places and gradually disappear
from others. Can these be due to abiotic features? Only by
taking a detailed study using sampling methods like those below
will you find out.
A detailed study of a rocky shore pool
Figure 17, after Womersley and Edmonds (1958) and later
published in Above and Below High Water, shows a useful
method for making a study of a rocky pool. The transect squares
mentioned earlier will provide the information necessary to see
what comes into and goes out of the pool community.
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2

1
1

Find food
and energy
pathways

Distinguishing
the different
species in the
area to be
studied

5
5

4
4

Describe the
3 appearance
of the
community

Find adaptations of organisms
to the environment

Find distribution and
abundance of organisms

6

Find the
environmental
factors that
influence the
distribution and
abundance of
organisms

Fig 17 One approach to study a rocky shore. (After Womersley and Edmunds (1958) in Above and Below High Water,
SA Ed. Dept. Reproduced with permission)

One way to complete steps 1 - 6 above is to make a systematic
study using a transect method. Reference books and reading
back over Chapters 14, 15 and 16 should give you a clue what to
look for in 1. A visit to the area, or viewing slides taken by
previous groups, will allow you to make some preliminary
descriptions for 3. Food and energy pathways can only be
worked out after steps 4 and 6 have been completed with a
profile stick and transect square as shown in Figure 18. In this
method a number of stations are chosen and abiotic and biotic
parameters sampled. When all results are collated the ecosystem
can be represented graphically.
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Fig 18
Transect
methods involve a
systematic study at
regular intervals at
places called stations.
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metre
rule

D

To work out the profile

level

1
1

string

1

A profile stick is used made from a metre rule, a home made
level, some tape and string and a rock as shown in Figure 19. A
transect square can be made from PVC pipe or timber and fishing
line as shown in Figure 18.

ROCKS

2

The profile stick

weight

The profile stick is used to establish what the rocky shore looks
like from a side on view and is an integral part of describing an
ecosystem. The level in the stick can be made from a clear tube
filled with coloured water that is taped on to the rule with clear
sticky tape. The rock or weight is stuck on with red tape
(government issue) or string. The stick is used to establish rises
or falls in the slope of the shore from the first point, called at the
datum point.

1 metre

Height below datum point

1
1
1
1

x

2

175

2

x

This is usually above the supralittoral zone. The whole of the
rocky shore is profiled down to the low tide mark in the sub
littoral zone. Extreme care should be taken in this zone for
waves and barnacles are extremely hazardous. The rises or falls
every metre are measured and used to draw a graph as shown in
Figure 19.

200
225
250

9

Distance out from datum point

10

The transect square
Fig 19 Profile stick and conversion of
readings to graph

This can be made from PVC electrical pipe and corner pieces or
timber. Plastic is more resistant and makes for better storage as
it can be disassembled. A transect square is shown in Figure 18.
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The station points
At a preset number of points, say ten, detailed measurements are
taken at places called sample stations shown in Figure 20. As
time will be a constraint, measurements to be made will be done
by groups who have practised their techniques well before the
study.

Datum point

Station 1

Abiotic features could include those you have practised in
Chapter 13 such as dissolved oxygen, temperature, salinity,
nitrates, phosphates, faecal coliforms, BOD, turbidity plus wave
and wind action measurement parameters and estimations of
tidal influences.

1
1

rocks

2

3
3

pool

rock
4
4

5

5

6
6

7
7

6

Fig 20 Profile stick and conversion of readings to graph
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Working out distribution
Data sheet

To work out the distribution of organisms you need to count them. The
transect square is used to do this and if there are too many in the square
to count, a 100mm x 100mm subsampler square can be used as is the case
to count barnacles. After you identify and count all the individuals, you
then decide on the dominance of the individuals. You could use the
following, or you may wish to design your own:• Dominant - the greatest number in the square
• Co-dominant - approximately equal numbers
• Sub-dominant - significantly less
• Not-dominant - one or two
• Absent

Station No 5

7

Sub Dom

Periwinkle

35

Dom

Chiton

1

Present

Algae

80%

Co-dom
Sub Dom

Limpet

7

Water
temperature

28 0 C

D.oxygen

4 mg/L

Salinity

38 mg/L

Turbidity

4 m

Wave action

Low tide - nil, high
tide - exposed

Wind action

Fully exposed

Nitrates

.62 mg/L

Phosphates

.4 mg/L

BOD

6.5 mg/L

Manipulative research?
It must be stressed that great
damage was done to rocky
shores in the sixties and seventies by school and community groups who collected animals and plants.
When
making a study, do not collect
anything and when handling
animals be careful with them.
Take photographs and make
sketches, observe their movements and note where they
live, but the days of manipulative research are numbered
as your teachers will all too
well appreciate. If a collection is to be made, it must be
done by one person who
knows what is in the school
collection and adds to it not
duplicates it many times. A
salt water aquarium, good
reference books, photographs and slides are an excellent substitute for live animals
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From this information you draw kite diagrams on your profile to show
how the pieces of information you are collecting fit together. You will
need a big sheet of graph paper and decide on the number of squares for
the dominance (i.e. 1mm = not dominant, 2mm = sub -dominant etc.)
Adding the abiotic data
Following the techniques described in Chapter 13, you should be able to
do temperature and dissolved oxygen in the field, taking back samples for
biological oxygen demand, salinity, total solids, nitrate and phosphate
analysis. These are added to the profile to establish relationships and
make comparisons.
Sub-dominant

Not-dominant

Absent

Dominant

Barnacles
Periwinkles
Anemones

1. Kite diagrams

2

rocks

4

2. Profile

6

pool

rock
5
55

pool

large
rock

8
ntal distance 0
ation number 1

Temperature
Salinity
D.oxygen
Nitrates
Phosphates

10
2

20
3

30
4

40
5

50
6

60
7

70
8

3. Graphs
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Limpet

Vertical distance (metres)

Dominance

Abiotic parameter

No
counted

Wet Paper

Species present

Fig 21 Presentation of information about your ecosystem (Figures are examples
only and will vary all over Australia)
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Food webs and food chains

Drawing food chains
To establish what eats what, you have
either to trap and kill the predators,
watch them feed, or trap and make
them regurgitate their food. Please
use only the observation method and
leave the others to persons researching their work in order to preserve our
environment.

One of the most productive areas is the rocky shore pool as it
provides many different places for animals and plants to live.
The outline web in Figure 22 is presented only as a template for
you to work from. Don't kill and dissect animals to work out their
feeding relationship but try to make direct observations or use an
educated guess. A chiton that you find over a green patch on a
rock is most probably feeding on the green algae, so there is no
need to take the chiton home and cut up its digestive track to look
at the stomach contents.

PLANKTON
Diatoms, dinoflagellates, copepods,
larger carnivorous plankton

FILTER FEEDERS AND
DETRITUS EATERS
Barnacles, tube worms,
sea squirts, oysters,
mussels.

CARNIVOROUS
ANIMALS
Cart-rut shell, mulbury
shell, octopus, ribbon
worms, sea anemones,
fish

DETRITUS
Finely divided particles of
plants and animals and
the bacteria that break
them down

SCAVENGERS
Crab, flat worms,
sand hoppers,
sea gulls
BROWSING ANIMALS
Chiton, limpet, sea hare,
periwinkle, microscopic
algal film

Fig 22 Food relationships of animals on the
rocky shore (After Pope and McDonald (1968)
in Below High Water. SA Department.
Reproduced with permission)

DEBRIS
Cast up sea
weeds, bodies of
dead animals and
all refuse on
shore
LIVING ALGAE
Weed mats, kelps,
microscopic algae coating
the surface of rocks and
sand

Final report
This is completed under headings that you feel best describe your ecosystem or they may also be given to you by your
teacher. If you cannot think of any, or the report has been left up to you, here are some suggestion:
Title (A clear concise statement of what the report is about, by whom and who assisted)
Introduction (A brief description of what you set out to do, how you did it and what you achieved)
Research methods (Down to the last detail and be very precise)
Results (Right down to the last detail, accurate pencil line graphs, clear and concise illustrations or photographs)
Discussion of results and conclusions (Your impressions and how you think the ecosystem functions)
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Fig 23 A coastal dune ecosystem is common in many Australian states

Coastal dune ecosystems
The dune system acts as a buffer zone between the land and the
sea and contains many animal and plant species specifically
adapted to this harsh environment. Abiotic features include high
temperatures, strong winds and stormy seas. These constantly
shape the sand in the dunes which alters on an hourly basis. This
is in sharp contrast to the rocky shore pool which has a degree
on constancy and allows for a greater species diversity.
We saw in chapter 12 that dunes are formed from sand which is
brought to the beach by waves. Dunes have to erode during
storms just as they have to rebuild during calm weather. The
photograph on Page 338, Fig 53, shows fretting left behind by
pioneer plants in an erosion scarp left behind after a storm. The
roots are ready to grow again when the wind blows sand back
into the base of the erosion scarp.
Dunes provide a place for pioneer vegetation to grow so that
more complicated plants can establish themselves further inland.
Without this buffer zone the sea would easily claim the delicate
land plants which are adapted to soil, fresh water and unsalted
air.
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Fig 24 Pioneer vegetation (Photograph courtesy Beach Protection Authority)

The dunes provide a place for this transition to occur. The dune
system can have a variety of plants. This topic considers the
coastal spinifex as an example of a pioneer vegetation but there
are other plants which perform similar functions in other parts of
Australia. Usually there is a primary or fore dune on which
grows the primary colonisers as shown in Figure 24. The foredunes become higher and wider as the wind blows more sand up
the beach. The wind sorts out the sand grains with the smallest
blown further inland.
The upper parts of the sand spinifex absorb the winds energy
causing the sand particles to drop. Around the roots, the wind
velocity is small and the sand can settle. Over time the sand
builds up and the grass grows.
The sand acts as a stimulus for plant growth. Long runners
extend past the main body of the grass and the matted roots hold
this upright plant in place. Male plants produce a terminal
cluster of stalked racemes. A raceme is a undivided axis
containing the flower unit - the anther.
The anther produces the pollen which blows to fertilise the
female reproductive part. This is called spikelet, which has an
ovary containing eggs. The pollen fertilise the eggs to form a
seed. These seeds enclose themselves in a large spine-like bract
10-15 cm long which grows to 20-30 cm and is straw coloured
when mature.
506 Chapter 17 Ecosystems
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Spinifex grass (the local species in New South Wales and Queensland), is the
most important of the pioneer grasses because of its tolerance to salt. The beach
is a hot, dry and salty environment with very little water. Its upright leafy sheets
enable the plant to trap the sand and its ability to grow when covered allows quick
vegetation of a dune system. Cycles of sand deposition are important to the dune
building process.
The spinifex dominates the frontal dune system because of these excellent
adaptations. In populated areas the frontal dune is maintained by a fencing
program. This allows the vegetation to grow unhindered, allowing the dune to
build. Fences can also trap windblown sand. In some parts of Australia, new
beach front developments have to, by law, maintain this frontal dune system. In
areas where vehicles use a beach, special tracks have been made to allow for
vehicle access.
The casuarina or she oak, is found close to the beach, on or just behind the
frontal dune system. This tree helps the vegetation on the land by cleaning the
air of salt before it blows inland. As the salt air blows at the casuarina, the salt
accumulates on the branches. Therefore the air that blows inland is less salty and
less able to burn and dry out the leaves of delicate land plants.

Wet Paper

The casuarina has a second function. Its roots penetrate deep into the frontal
dune. Out from each root is a root hair system which further helps to anchor the
tree and bind together the sand. When big storms such as cyclones strike, large
waves break on the beaches causing beach erosion. The roots of the casuarina
help to hold the soil together.

Fig 25 Secondary dune vegetation (Photograph courtesy Beach Protection Authority)
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Shape of secondary dune
plant causes wind velocity
to drop and sand falls to
base of plant. Branches of
plant fall and cover sand

Secondary
dune
plant

Shape of primary coloniser
causes wind velocity to
drop and sand falls to
base of plant

Wind
Sand falls
Sand

Wind
Wet Paper

Secondary dune
Primary dune
Fig 26 Summary of dune and wind abiotic relationships

Secondary dune systems
Note
A She Oak and
a Casuarina tree
are the same
plant.

She oaks have very long branchlets which are often confused with leaves. The
shape of these branchlets and the tree itself reduces wind velocity causing the sand
to drop to the base of the plant. In some cases the salt and sand mixture sticks to
these branchlets and when heavy enough, the branchlets drop with their sand load.
The matting under a she oak forest can be quite thick. The build up of sand
gradually increases the height of the secondary dune system.

Plant - Dune Interactions
Nitrogen cycle.
All plants need trace elements to survive. Dune systems are very barren
environments in this regard and the plants are well adapted by only requiring two
main types of element - phosphorous and nitrogen. The dune system obtains its
nitrogen from a process called nitrogen fixation. Casuarina trees are able to
convert the nitrogen in the atmosphere to a solid form inside the tree. This is done
by micro-organisms, called nitrogen fixing bacteria, that live in root nodules at
the base of the tree. The bacteria absorb the atmospheric nitrogen and convert it
to a bound or “fixed” chemical form that can be released as a fertiliser to help the
tree to grow. This may be one reason why the tree grows so quickly. This process
by which the nitrogen fixing bacteria fix atmospheric nitrogen is called nitrogen
fixation.

Nodules

Atmospheric Nitrogen

Run off

Nitrates in
water

Denitrifying
bacteria

Fig 27 Nitrogen cycle in dune systems
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Atmospheric fixation by
bacteria in nodules in
she oak root system

So the humble she oak is more important than you may have
imagined. You should look after it and not use the timber for fire
wood when you camp and if you become an owner of a beach
front house, please don’t cut it down just for a better view.

Revision
Go back and read pages
333 - 338 to revise how
sand moves on and off a
beach.

Phosphorus cycle
Phosphorus is another important element for spinifex which has
an active root system to seek out this element. When quartz and
feldspar are formed, they contain a fine coating of phosphorus
which sticks to the sand grain as it moves along the coast. When
the sand grains are washed up on the beach, they dry and are
blown towards the spinifex. The broad leaf of the plant catches
the grain by reducing the wind velocity and the grains falls to the
base of the plant. Fine root hairs that grow from the main plant
then absorb the phosphorus coating from the sand grain.

One ecosystem affects
another
If we contaminate our
river ecosystems we will
affect the natural cycles
of the dune ecosystem

1
1

Dissolved organic
phosphate
Bacterial decay

Decom
positio
n

and excretion

4
4
Particulate organic
phosphate
Plants
Animals
Fa
ec
al
ph
os
ph
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e

Rocks on land are reservoir for
phosphorus. Weathering
releases inorganic phosphate
to sand grains which wave
down rivers and carried to
beach by wave action

Absorption by plants in phytoplankton

Inorganic phosphate 2

3
3
3

Detritus

Detritus

Roots of the plant actually seek out the phosphorus on sand grains which have been carried
down the rivers and washed onto the beach by wave action
Look back to Fig 43
Page 332

4
4
3
3
3
River

1
1
Mountain range

Calm conditions sand moved onto
beach - phosphorus
enters ecosystem
Longshore
current moves
sand
2

Fig 28 The dune system and coastal processes provide an example of the phosphorus cycle
Wet Paper
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Protecting dune vegetation
Although we have only discussed two dune plants in some detail, it is important to realise that
other plants play a vital role in maintaining the dune system. She oaks and coastal spinifex are
not found on all Australian sand dunes and other varieties play an equally important role.

Wet Paper

To maintain dune plants fencing and walkways are provided as shown in Figure 29 below.

Fig 29 Fencing so that we use common tracks to the beach is one way of
protecting dune vegetation

Changing patterns of dunes
Too much sand on dunes can be a problem also. Dunes can move inland as has happened
in South Australia. Vegetation can become eroded in some places and a dune can ”blow
out” into the land. These blow-outs are common in higher dune systems. Primary dunes
can be lost altogether in time and the coastline can move inland. If buildings had been
established on these fore-dunes they too would be lost.
The compromise
Rockwall defines
limit of erosion
Beach is nourished with
sand to re-establish
natural erosion cycle
profile

Storm bars nourished to
allow sand to move
onshore by natural
processes

Mean Sea Level

Replanted she oak
Replanted spinifex
Walkways
Rockwall
Re-established
sea bed profile
Mean Sea Level

Fig 30 Compromise situation for housing development too close to a dunes (After Moffatt 1990)
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New sand buffer

A study of a local beach
This study could be done in conjunction with many of the abiotic
measurements discussed in Chapter 13. A careful identification
of interacting ecosystems allows us to examine how materials
flow from one to another. This is why a study of the chemistry
is so important so as to detect the movements of materials.
Once again a profile can be done as described on Page 502 and
illustrated in Figure 32. Food webs can be drawn by the method
described on Page 504 but use the outline web shown in Figure
31, after Pope and McDonald (1968)

PLANKTON
Diatoms, dinoflagellates, copepods,
larger carnivorous plankton

FILTER FEEDERS AND
DETRITUS EATERS
Pipies, heart urchins,
sand dollars

DETRITUS
Finely divided particles of
plants and animals and
the bacteria that break
them down

CARNIVOROUS
ANIMALS
Moon snail, giant beach
worm, fish - whiting,
mullet, jewfish

SCAVENGERS
Giant beach
worm, sea gulls,
sand crab, ghost
crab, sand
hoppers, flies,
cockroaches

BROWSING ANIMALS
Chiton, limpet, sea hare,
periwinkle, microscopic
algal film

LIVING ALGAE
Weed mats, kelps,
microscopic algae coating
the surface of rocks and
sand

DEBRIS
Cast up sea
weeds, bodies of
dead animals and
all refuse on
shore

Wet Paper
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Fig 31 Outline food web sandy surf beach (After Pope and McDonald
1968, as described in Below High Water, SA. Ed Department Reproduced
with permission)

Fig 32 Microridges (left) and sand dune profile determination (right) are part of a beach ecosystem study
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Fig 33 Further techniques can be found in
the two publications shown here.
Waterhouse describes a useful addition to
a beach profile by using a water absorption
technique
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Fig 34 Techniques not previously described in
any Wet Paper publication include those
described by Maloney (1991) Above left - collect a series of sand samples
and glue them to a piece of paper for grain size
comparison
Above right - a wave bore swash zone meter as the wave bore strikes the lower blade an
angle can be read
Below - an inclinometer from a protractor and a
piece of cardboard. Measuring dune heights
and beach profiles.
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Identifying Dune Plants
Aim
To identify a number of dune plants from a local dune system

*

The upper parts of the sand spinifex absorb the
winds energy causing the sand particles to drop.
Around the roots, the wind velocity is small and
the sand can settle. Over time the sand builds up
and the grass grows.

*

The sand acts as a stimulus for plant growth. Long
runners extend past the main body of the grass and
the matted roots hold this upright plant in place.

*

Spinifex grass (the local species in New South
Wales and Queensland), is the most important of
the pioneer grasses because of its tolerance to
salt.

*

The beach is a hot, dry and salty environment with
very little water. It's upright leafy sheets enable the
plant to trap the sand and it's ability to grow when
covered allows quick vegetation of a dune system.
Cycles of sand deposition are important to the
dune building process. The spinifex dominates the
frontal dune system because of these excellent
adaptations.

You will need
*

stiff cardboard, glue, scissors, plastic self adhesive
contact film

*

camera and film

*

colour photographs of local dune plants and descriptions*

*

(Each state has its own beach protection authority. Use
the phone book to find the address and write for a set
of photographs of local dune plants. In Queensland the
Beach Protection Authority has a poster set available
from GPO Box 2595 Brisbane 4000

Method
Part A: Make up an identi-kit card system
Use these materials to make up identi-kit cards. Cut out the
photographs and the accompanying script. Paste the
photo on one side of a stiff piece of board and the
information on the back. Save the cards for future use.

In populated areas the frontal dune is maintained
by a fencing program. This allows the vegetation
to grow unhindered, allowing the dune to build.
Fences can also trap windblown sand.

Part B: Photographing plants
*

At the beach identify the vegetation in the dune area.
Try to do this from the walking tracks provided. If none
are available, use walking tracks made by other people.

*

Take your own photographs and make a description of
the dominant types of vegetation on a photo list sheet
to help you when you get the photos developed. Note
on this sheet the size and location of the plant.

*

Use the data collected to write a report on the dune
vegetation. Here are some ideas to help you with your
report.

1. Develop your photographs to the smallest size possible
and set them into a report. For each photograph make
a summary sketch of the plant.
2. Make description of plants and note the distribution.
3. Write a few paragraphs on the nitrogen fixing capacity
and phosphorous searching capabilities of the spinifex
and coastal she oak.
4. Present your report to class.
*

The dune system can have a variety of plants. This
topic considers the coastal spinifex as an example of a
primary coloniser but there are other plants which
perform similar functions in other parts of Australia.

*

Usually there is a primary or fore dune on which grows
the primary colonisers as shown in Figure 2.44 Coastal
Studies.

*

The fore-dunes become higher and wider as the wind
blows more sand up the beach. The wind sorts out the
sand grains with the smallest blown further inland.
Grain sizes deposited in the dunes vary from 0.15 to
0.30 mm.
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The she oak The Casuarina or she oak, is found
close to the beach, on or just behind the frontal
dune system. This tree helps the vegetation on the
land by cleaning the air of salt before it blows
inland. As the salt air blows at the Casuarina, the
salt accumulates on the branches. Therefore the
air that blows inland is less salty and less able to
burn and dry out the leaves of delicate land plants.
*

The Casuarina has a second function. Its roots
penetrate deep into the frontal dune. Out from
each root is a root hair system which further helps
to anchor the tree and bind together the sand.
When big storms such as cyclones strike, large
waves break on the beaches causing beach erosion. The roots of the Casuarina help to hold the
soil together. She oaks have very long branchlets
which are often confused with leaves. The shape
of these branchlets and the tree itself reduces wind
velocity causing the sand to drop to the base of the
plant. In some cases the salt and sand mixture
sticks to these branchlets and when heavy enough,
the branchlets drop with their sand load. The
matting under a she oak forest can be quite thick.
The build up of sand gradually increases the height
of the secondary dune system.
In some parts of Australia, new beach front developments have to, by law, maintain this frontal dune
system. In areas where vehicles use a beach,
special tracks have been made to allow for vehicle
access.
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Offshore island and reef ecosystems
Revision
Read back over Pages 294 to
296 to revise the basic concepts
of reef formation

The tropical region where warm waters are suitable for reef
growth extends from south of the Abrolhos Islands in Western
Australia, to central New South Wales. The Great Barrier Reef
is not a single structure and should not really be called a “barrier
reef”. In the north, on the edge of the shelf, chains of offshore
reefs form a more or less continuous wall parallel to the
Queensland coast. Elsewhere, inside these and to the south,
reefs occur mainly as isolated offshore structures separated by
large bodies of open water.
Where reefs grow

Reefs of Australia can be
separated into three main
types:
1. Ribbon reefs occurring
near the seaward margin
of the shelf.
2. Patch
reefs,
which
comprise the majority of
reefs, have an oval shape
and lie between the
continental shelf and the
mainland.
3. Fringing reefs that are
found growing out from the
shores of continental
islands and the mainland.

A reef begins to form when a shallow area of the sea floor can
provide suitable conditions to encourage and support benthic
plant and animal colonisation. Such conditions include the
presence of a solid surface that is free from excessive mud and
sand. Sea water must be relatively clear, warm, and shallow,
having sufficient movement to circulate oxygen and plankton
amongst the colonising organisms. These plants and animals
grow upwards and outwards.
They eventually die. Their
skeletons and shells are cemented together by the calcareous
algae. There are many factors, such as tides, water clarity,
waves, currents and salinity that affect marine organisms. Sea
temperature is one of the most important factors that control
where reef organisms are found.

GBRMPA

Atolls are found in Pacific
islands.

Australian coastal waters have been divided into a number of
regions. We are looking at life in the tropical waters of the
Australian coast; a scene that is dominated by reef building
organisms that flourish in clear, rapidly circulating water where
the average sea temperature of the coolest month is not lower
than 22°C. Reefs grow at specific latitudes as shown in Figure
25 on Page 294.

Fig 35 Offshore island and reef
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GBRMPA

Coral reefs
Coral reefs have been divided into two major categories. The
first comprise the oceanic reefs which are found in the open
ocean in the shallow water on the top of old submerged mountain
tops. The second includes the shelf reefs which occur in
relatively shallow water on continental shelves. Since the Great
Barrier Reef occurs on the Queensland shelf and fringing reefs
off the Western Australian coast, we will examine shelf reefs
first. The separation of reefs into different types is based on
shape, central structure (e.g. development of a lagoon), general
zonation and their location on the continental shelf.
Ribbon reefs

1500

A ribbon reef is an elongated reef with the long axis along the
edge of the continental shelf or coast line. The reef front and
algal rim are on the seaward side, grading into reef flat and
finally to the reef back on the leeward side. Water flowing
through gaps between such reefs brings nutrients and promotes
reef growth along the borders of such passages. It was Captain
Cook who first discovered this in 1770. These reefs form a walllike structure which takes the full battering force of big waves of
the Pacific Ocean.

2000

Patch reefs

Ribbon reef
sea level
Continental shelf
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nt
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Fig 36 Ribbon reef
Wet Paper

These reefs form in mid shelf areas usually with distinct windward
and leeward sides. Growth can occur equally in almost any
direction (except upward). With continued enlargement, the
central part of the reef becomes more sheltered from the surf and
wave action which is essential for the aeration and nutrition of
the corals and algae of the reef face and algal rim. Much coral
dies and there is a general deterioration of the central area. The
formation of a lagoon can occur with the subsequent growth of
patch reefs composed of corals which can tolerate the quieter
Offshore
island
Reef crest

Lagoon

Lagoon

Reef
crest

pe

f slo

Ree

Fossil
reef

Fig 37 Profile of offshore island and reef
Wet Paper
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Fringing reef
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These can be found growing around continental islands or along
mainland shores. A continental island is really an underwater
mountain with its peak above the sea’s surface. Corals and
marine plants (algae) may settle and grow in the shallow waters
around the peak, forming a fringing reef. Of the three main types
of reef, the fringing reef is most susceptible to rainfall due to its
close proximity to the continent.
Atolls

Fig 38 Fringing reefs and coastline
Wet Paper

A
Volcanic island

B

Sea level rises and fills crater

C

D

Fringing reefs

Atoll

Lagoon

Reef

Fig 38 Atoll formation
Wet Paper

An atoll is a series of coral reefs which belong to the other
category of coral reefs -the oceanic reefs. Atolls are roughly
circular in shape often projecting above the sea’s surface.
Commonly they consist of a ring of islands on reefs surrounding
a shallow lagoon. Charles Darwin proposed the first acceptable
theory of how atolls were formed. He said they started when
corals grew around the edge of an island, forming a fringing reef.
Then the land began to sink slowly, but the corals, growing
upwards, were able to build up and maintain themselves in nearoptimum conditions close to the surface. The land continued
to submerge, the corals surviving but always doing best on the
outer side.
Overcrowding and lack of sufficient food and sunlight gradually
retarded the growth of corals inside the ring forming the lagoon.
Eventually only a small part of the island remained, surrounded
by a lagoon and an offshore, or barrier reef. In time the land sank
beneath the sea, leaving only the ring of coral , an atoll. It has
been suggested that all atolls were formed much in this matter,
either by the sinking of the bottom or the rising of the sea level.
Zones in the reef
Let us return to the question of the model reef and cross-section
you have made as part of the activity on Page 552.
dune
zone

beach
zone

inner
coral outer
zone coral
zone

crest
zone

reef
slope

Wet Paper

sea level

Fig 39 Zones in
the reef
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Fig 40 Offshore island reef. Standing on the crest looking at the inner and outer coral zones in the foreground and beach
and dune system in the background

Islands of sand
Sand islands are formed by a process called ecological succession.
This involves the gradual change from simple ecology such as
a sandy beach with a few plants, to a complex ecology such as
a forest with birds, insects and plants all interrelated in a
complex web. The end result of all these pressures is the
cracking off of the living coral and the subsequent formation of
coral sand.

Make a model reef note
The text describes a model reef.
This is made from copyright free
sheets on Page 115 of the Barrier
Reef World by the same author

Waves finally
meet, collide,
loose their
energy and drop
the sand they
were transporting
to form a sand
spit

wa

ve

pat

ter

ns

crest

lagoon
sand spit

crest

Fig 41 Refraction around an offshore island
and reef leading to the deposition of sand at
one end
Wet Paper
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A study of the currents around a reef reveals that the currents
move in the direction of the waves. The waves set up a longshore
drift current and bend as a result of the shape of the island. This
current carries with it the sand that was formed by erosion and
dumps it at one end in the lagoon, as shown in Figure 41.
Gradually the sand builds up and a sand spit forms. This is the
start of the sand island. From here succession takes place and the
main sequence is summarised in Figure 42.
Remember that sand was formed by ocean waves, animals
chewing off coral fragments and spitting them out or wind
eroding larger sand structures This sand is then moved around
the reef by wind, water currents, or possibly by the activities of
organisms. When the sand gets to the end of the reef the waves
loose their energy and dump the sand into a sand spit.
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Ecological succession

sand spit

lagoon

Stage 1 is complete when the sand spit forms.

Birds arrive
lagoon
seeds

The sand spit may disappear and no further development may
occur, however if conditions are favourable and sufficient birds
arrive, small plants can grow in the dung excreted by the birds.
The pioneer vegetation is established by these birds and there is
a special relationship between the birds and the plants. The seeds
cannot grow in pure sand and require the birds’ dung from which
to derive nutrient. Once established, the pioneer community
then traps driftwood, dead birds, remains of crabs and other
scavengers that arrive on the island.
Figure 42, shows the
arrival of birds and the growth of pioneer grasses and shrubs. As
the shrubs grow and die and as more humus develops in the
newly established soil, larger trees can start growing. Insects,
spiders, centipedes now arrive on the wings of birds or on
driftwood. As these die, more is added to the humus.

Stage 2 Small plants grow out of seeds
dropped by birds. Bird droppings also
fertilize the sand. Establishment of pioneer
vegetation.

Stage 3 is characterised by the growth of trees on the foreshore
and larger trees inland which provide homes for the birds that
characteristically inhabit the islands of the southern Barrier
Reef. As more birds form nests, more dung accumulates on the
ground.

Pioneer
vegetation

A cyclone or fire may interrupt the process, calling a temporary
halt to the continued growth. However the island can now
consolidate the vegetation and regrowth is quick.

lagoon

Island vegetation

Stage 3: Establishment of vegetation.

Climax
community
lagoon

Islands often have only a few plant species; these are usually
those that are tolerant of beach or sand conditions (salt tolerant,
resistant to desiccation and are especially adapted to dispersal
over water). Some islands can also have up to 60 different types
of plants including rainforests. If you visit a sand island you may
find trees which provide homes for many species of sea bird.
Bird dung accumulates at the base of the tree, and dissolves when
it rains to provide a fertiliser for the trees growth.

Stage 4: Establishment of a climax
community

Fig 42 Succession from sand spit to climax
community

Wet Paper

Wet Paper

Fig 43 A climax community can supports a large bird population
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Island vegetation
Secondary dune system plants, like
she oaks, sieve the salt air and protect the island from dehydration as
well as holding the sand together to
prevent erosion. The salt water couch
grasses and other smaller dune plants
also help keep the dune stable that is
why you should only have one walking track to the beach if you camp on
these islands.

Fig 44 Secondary dune plants close to the beach

Nitrogen cycles

Birds make nests in trees

More trees,
more birds,
more fertilizer

Tree grows taller
because of increased
nitrogen

Bird dung helps
fertilize sandy
soil

Fig 45 The climax bird - tree - bird nitrogen
cycle
Wet Paper
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The casuarina is found close to the beach, on or just behind the
frontal dune system. This tree helps the vegetation on the
island by cleaning the air of salt before it blows into the climax
forest. As the salt air blows at the casuarina, the salt
accumumlates on the branches. Therefore the air that blows
into the climax forest is less salty and less able to burn and dry
out the leaves of the climax tree. The casuarina has a second
function. Its roots penetrate deep into the frontal dune. Out
from each root is a root hair system which further helps to
anchor the tree and bind together the sand. When big storms
such as cyclones strike the island, large waves break on the
beaches causing beach erosion. The roots of the casuarina help
to hold the soil together. The branches also provide roosts for
the many sea birds that come to the island to live. Finally, the
casuarina is able to convert the nitrogen in the atmosphere to
a solid form inside the tree. This is done by micro-organisms,
called nitrogen fixing bacteria, that live in root nodules at the
base of the tree. The bacteria absorb the atmospheric nitrogen
and convert to a bound or “fixed” chemical form that can be
released as a fertiliser to help the climax tree to grow. This may
be one reason why the tree grows so quickly.
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This process is called nitrogen fixation and is part of the nitrogen cycle that is
so important to the survival of the sand island. So the humble casuarina is more
important than you thought. You should look after it and not use the timber for
firewood when you camp. Really the dune system is the most fragile on the island
and we humans are not the only ones to damage it. A turtle in summer can
completely excavate a casuarina causing it to fall down, and many turtles do this
each summer right in the heart of the cyclone season where big waves erode the
island. How does the island react to these erosive forces? Does it shift from
place to place? The answer to the second question is yes but to the first, scientists
don’t know. Much more research into the shape and movement of islands will
reveal answers. Would it be wise to construct a resort on a sand island?
Ground nesting birds
(A real case for careful management)
This also happens when visitors play loud music, run generators, operate speed
boats at excessive speeds or generally move about the island. Usually once a bird
is forced to leave it's nest it may not return, leaving the chicks to die. These birds
leave the island and fish for the best part of a day. Each night they return in very
large numbers to rest, build a nest, court, mate, or feed their young. Some birds,
like the mutton bird, live on the ground in burrows. Here they reproduce and raise
their young.
Humans walking around can collapse these burrows, killing the chicks in the
process. If you have the chance to visit a sand island and are there when the
mutton birds are, you will have a chance to witness a most amazing event each
morning. Thousands of mutton birds wake up early and line up on specially
created “runways” prior to taking off for the day's fishing. If you are unlucky and
pitch your tent in the runway, then you will get a rude awakening in the morning.

Fig 46 (left) During the day mutton bird runways look just like walking tracks , During the morning (right) these tracks turn
into mutton bird runways and become a hive of activity. Be careful not to camp in these runways if you visit a sand island.
Photo thanks to Len Zell who was one of Australia’s first Great Barrier Reef Marine Park managers and was a real mate
who helped the author in the early days of marine studies.
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Reef Study Assignments
Group work

In what parts of Australia are they found and
how important are they to the sand islands?

Form a group of five, and discuss the following questions or
discussion points.

14. Find a photograph of an island shrub and make
an outline sketch of it. Where is it found on the
island?

★ You will have to use reference books from the library to
answer the questions. Then decide who will give a talk
on which question.

15. Find a photograph of two types of island grasses.
Make drawings of them and find out where they
live.

★ Each group has a theme. The first person introduces
the theme and then the other members of the group
expand on the theme.
★ At the conclusion of the talk each member of the group
must hand in all the answers to the group’s questions
(in your own handwriting).
Group 1 How sand islands form
1. Find a diagram of a cross section of a sand island.
Make a list of the things that would need to happen in
order for it to become a fully vegetated sand island.
2. What is meant by refraction and how does it contribute
to the formation of a sand spit?
3. What is the reef crest and what forces break it down?
You must mention biotic and abiotic factors.
4. How are fringing reefs formed? How does their crosssection compare with a sand island? Make a drawing
or an overhead transparency to illustrate your answer.
5. In parts of northern Australia, mangrove islands occur.
Explain the difference between a sand island and the
mangrove island.
Group 2 Island vegetation
6. Use a reference book to find an aerial photograph of two
sand islands. Prepare a vegetation map for each from
it, naming the zones you can see.
7. From the vegetation maps prepared in Q 6, make a
cross-section like the diagram in Figure 37, Page 515,
showing the distribution of the vegetation.
8. Take another island from one in Q 6 and prepare a
vegetation map naming it's zones.
9. Prepare a cross-section of the island your friend is
describing in Question 8.
10. Prepare a vegetation map from aerial photograph of a
continental island. What type of vegetation is found
there and how is it different from a sand island?
Group 3 Island plants
11. Find a photograph of an island tree. How big does it
grow? How big are the leaves and give two reasons why
it is important to island life.
12. Find a photograph of another tree. How big does this
one grow? How big are the leaves and give two reasons
why it is important to island life.
13. Find an illustration of a mangrove. Document where
mangroves occur in sand islands.
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Group 4 Island bird life
16. Find a photograph of an island bird and make a
colour drawing of it. Where does it build its nests
and why? What food does it eat and when does
it return to the nest to feed its young?
17.Find a photograph of a reef heron. Where does
it build it's nest and what does it eat. Make a
colour drawing of it.
18. Find a photograph of a sea gull. What happens
to the colours of their legs as they get older?
What do they eat and why are they a nuisance
to other birds on the reef?
19. Find a photograph of another bird. Make a
colour drawing of it and list two interesting
points about its behaviour.
20. Find out which bird the person is answering in
Question 19. Select another bird and make a
colour drawing. List any three things that you
find interesting about this bird’s life style.
Group 5 Other island life
21. Use the index of a book to make a list of the
invertebrates that are found on a sand island.
22. Where are spiders found on sand islands?
What are their predators and their prey?
23. Are ants found on sand islands? How did they
get there and what effects do they have?
24. Are bacteria found in the air around an island?
What effects would a virus have on island trees?
How could the virus be introduced to an island
where campers wanted to burn wood?
25. Do kangaroos, wallabies or other marsupials
live on islands? Give reasons for your answer.
Group 6 Human influences on the island
26. Make a list of the types of resorts that are found
on sand islands. Who goes there and why?
27. Make a list of the effects humans would have on
an island where there is a tourist resort.
28. Make a list of the effects humans would have if
camping on a deserted island.
29. Talk to the persons who are researching questions 27 and 28 and say which humans have the
greatest effect.
30. What effects do helicopters have on the bird life
on islands?
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Build your own offshore
island and reef
Purpose
For you to build a model coral cay or
fringing reef to understand its geological
history and its structure
You will need
Hypothetical reef kit
1 empty beer carton
1 plan of hypothetical reef (appendix)
Wet Paper

1 stanley knife or sharp scissors
1 tin paint
1 bottle glue
Fig 47 Hypothetical reef lives

What to do

1. Look carefully at the models presented for you on the next page. The model described is that of a coral cay. If you
have never been to a coral cay, then picture yourself on Heron Island.
2. Identify on the plan, from the cross section, the following parts of the coral cay
(a) Ocean floor (-6m)

(g) Lagoon (-2m)

(b) Windward side

(h) Inner coral zone (-1m)

(c) Leeward side

(i) Outer coral zone (-1m)

(d) Bommies (-1m)

(j) Inshore gutter (-1m)

(e) Reef crest (0m)

(k) Coral cay and beach (+1 & 0m)

(f) Algal rim (0m)

(l) Cay vegetation (+2m)

3. Note carefully the heights of each section.
4. Cut out the level between the -5m and -6m levels. The -6m level represents the ocean floor and paste this onto your
cardboard base.
5. Now cut out between the -4 and -5 levels and you should be left with a thin strip that can be used as a template for
the -5m level. Use it to shape another piece of cardboard that can be glued onto the base. Continue to build your 3
dimensional model of the coral cay. Note that there are pools that are set into the 0m mark.
6. Use colours to show the different levels of the coral cay. When you have finished, clearly label the model and hand
it in for marking.
Note to teachers. Many of you will be contemplating a reef trip. It is important to build a model that best represents the
reef that you are going to study. The model described works well for patch reefs with coral cays on them. You may think
that this is too restrictive so you could design a class activity to build a series of reefs. Why not build a section of reef
from aerial photographs.
Questions to answer on model
1. Is this model a patch, ribbon or fringing reef?
2. At what depth is the reef crest and what do you think it would look like?
3. Where are the pools located and how do you think they got there?
4. Where is low tide and high tide on the model? Why?
5. What will grow on the coral cay?
6. Is any one side steeper than the other? Why?
7. Where will sand accumulate in the model and why?
8. Where is the windward side? Give reasons for your answer?
9. Where will the tallest trees grow? Give reasons for your answer.
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Reef adaptations to limiting factors
You will need
Some colour slides of reef animals, or some books with photos of reef animals and plants, or a series of reef note
pamphlets produced by the Great Barrier Reef Marine Park Authority.
What to do
Select a photograph of a reef organism in a reef scene under water. You are going to make a list of abiotic and biotic
factors that you can think of, from the photograph, and then beside each, make a second list of adaptations.
You may consider making some flash cards and getting the whole class involved. Divide into groups, have one group
come up with the photo flash cards, one with biotic and abiotic flash cards, and the other with adaptation flash cards.
Now take turns to flash the cards at each other and see who is the quickest to match cards.

Project Reef Ed
written by Ann Byrnes, Jan Oliver, Antoinette O'Neill, Jack Marsh, Bob Moffatt and Phillip King, 1988
available Great Barrier Reef Marine Park Authority, PO Box 1379 Townsville, 4810
You should try the following activities on Reef Ecology
At school
1. On location
2. Tidal changes
3. Endeavour, reef and tides
4. It's tropical
5. Wind and waves
6. Air photo interpretation
7. Reef and island cross-sections
8. Formation and development of a cay
9. Coral-tree comparison
Excursion
There are over 150 activities to choose from and
a number of programs to follow in the publication
Project Reef Ed.
Activities are divided as follows:(A) The natural world
* Introductory
* Sky, ocean and atmosphere
* Reef, cay, island structures
* Life on the reef
* Island life
(B) The human dimension
* The reef as human resource
* Human impact
* Human well-being
* Creative response
Wet Paper

* Human perceptions and perspectives
* Management and conservation
* Scientific investigation
Fig 48 Project Reef Ed
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Mangroves and intertidal flats
Based on original ideas by Michael Michie and Dawn
Couchman

No of mangrove
species
20 - 29

What are mangroves and where are they
found?

10 - 20
5 - 10
1 -5

According to Michie 1989, "The term mangrove can be
used in three ways: the trees themselves, the forest (also,
but not commonly, called a mangal), and the habitat."
Mangroves are found growing in the intertidal areas of
sheltered shores , estuaries and bays or in the lee of large
islands and are most likely to grow in tropical and temperate
regions shown in Figure 41.

Distribution of mangrove
species

They grow best at river entrances and creeks where salt
has been deposited to form low flat areas of mud. Here the
velocity of the river is slowed which allows silt to settle
out and accumulate.
mangrove

Fig 41 Approximate distribution of mangroves
in Australia (After Hutchings and Riechter,
1987)

salt marsh

high tide
low tide

Wet Paper

seagrass

Wet Paper

sand

Fig 42 Distribution of mangroves in a local area (Top illustration after Ed Fish 1991)
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leaves

seeds germinate
on tree

seeds
aerial roots
trunk
seedling

seeds fall into
soft mud

prop roots

buttress roots

pneumatophore

knee
roots

mud

cable roots

anchor roots

Fig 43 Generalised mangrove and life cycle. Not all these features are on the one plant (After Lerman 1986)
Wet Paper

This mud and silt is rich in nutrients and is ideal for mangrove
development. Read back over pages 321 and 322, which
discussed wave velocity and substrate type.

big and
snowy

Mangroves grow in an environment where the water is very salty
and the oxygen level in the muddy soil is often low. The plant
must cope with tidal flooding which cuts off the air supply to the
roots at high tide.

2 cm

medium
sized

Mangroves are the temporary habitats for fish populations and
are in the top three lists of the most productive ecosystems on
earth.
Structure and reproduction

5 mm

A mangrove is a tree and so has flowers, shoots, roots, stems and
leaves as shown in Figures 43, 44 and 45. Michie has identified
three types of flowers (big and snowy, medium sized or small
and indistinct) as shown in Figure 44 and three types of leaf as
shown in Figure 45 (thick and snappy, wrapped around the stem
and small and smelly when you crush them)
small and
indistinct
1 cm

Fig 44 Mangrove flowers (After Michie 1991)
Wet Paper

Marine Studies Copyright Wet Paper 2014

Mangroves reproduce by male and female flower parts fertilising
each other and forming a seed. In some species these seeds are
specialised in that they germinate while still attached to the tree
and are long and thin so that when they drop to the ground they
stick in the mud. If they fail to strike, the seed is covered by a
tough sheath to prevent it from drying out and enabling it to float.
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2 cm

thick and snappy
4 cm

wrapped around the
stem

2 cm

small and smell when you crush
them
Fig 45 Mangrove leaf types (left by Michie 1991, mangrove leaf photo with salt courtesy EDFISH 1990)

flower
1
1

cream sepals

1 cm
white petals

2 cm

fruit
hypocotyl
2 fruit

1 cm
2 cm

4
4

3 germinating fruit
3
3

fully developed
hypocotyl

Fig 46 Mangrove reproductive stages (illustrations after Michie 1991)
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Zonation
If we draw a transect line from the seaward side of a mangrove forest,
inland, and make a study along this line, we often see the species
change much the same way we did on the rocky shore. As discussed
earlier, this feature of an ecosystem that has certain dominant and
subdominant life forms distributed unequally over it is called zonation.

Adaptations
Some adaptations to the muddy,
salty life are:★ Waxy leaves, which reduce
the loss of water from within
the plant.
★ Special salt pores or glands
located on the leaves secrete
salt which might otherwise poison the tree as shown in Figure 45. This salt can often be
seen under the leaves. Salt
excretion can also occur
through the root system.

1
1
2

3
3
3

★ Roots are adapted to anchor
the trees firmly in the mud.
The softer the mud the more
prop roots.

4
4
high tide
low tide

★ To get oxygen to the buried
root system a series of
pneumatophores rise up from
lateral roots as shown in Figure 43.

Fig 47 Mangrove zonation is evident in many mangrove communities
Wet Paper

Diversity of life forms

★ Specially shaped seeds to
stick into the mud and with a
tough coat to reduce desiccation

A mangrove swamp or mud flat has a great variety of animals and
plants. The greater the diversity at the bottom of the food pyramid the
bigger and more numerous animals can be found at the top. If a
commercial fishery is to continue to function in an estuary, the
diversity of smaller animals must be preserved. There is a short but
true slogan which reads:- "No mangroves - No fish"

★ Leaf shapes to keep moisture
in e.g. leaf rolling.

The greater the number and diversity at the bottom of the pyramid the bigger and more numerous is the larger order of consumers. The
explanation for this is in the diversity of life forms and the continual
supply of mangrove leaves to the ecosystem. If the energy input
cannot be maintained, the diversity drops and all down the food chain
we see a reduction in animals. (See Figure 49)
Mangrove leaves and food webs

Wet Paper

Mangroves are extremely productive areas with most of the energy
supplied to the ecosystem by the mangrove leaf. As leaves fall, small
crabs clear the leaves away and take them to their burrows where they
break down and provide new carbon and nutrients for the energy
cycles described earlier.

Fig 48 Mangrove seedling and
surrounding pneumatophores
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Other small pieces can form the basis for food for small fish,
copepods or prawns. The mangrove leaf can also dissolve with
particles being absorbed by the sediment which in turn is fed upon by
algae or bacteria. Small protozoans feed on bacteria or whelks feed
off the algae as shown in Figure 49 .
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Fig 49 Supply of mangrove material to basic estuarine food chains (After Lear, R., and Turner, T. 1977. Mangroves of
Australia, University of Qld Press. Reproduced with permission)
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Fig 50 Mangrove forests in Northern Australia can grow as big as trees and extend down to a reef edge

Mangrove mudflats
Life in the mudflats is controlled largely by the tide. More food
is usually available at high tide than at low tide. Low tide sends
many animals into the mud to escape being eaten by birds .
Worms are a good example of an animal that lives in the mud and
they have developed specialised feeding mechanisms to cope
with this way of life. The worm lives in a burrow and extends
its feeding tentacles on the mud surface as shown in Figure 50.
Each tentacle has a food groove with a number of cilia which
move detritus towards the mouth.
Feeding tentacles

Burrow
Tentacle
Cliia

Worm

Fig 51 Life in a burrow (After Thurman and Webber)
Wet Paper
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Mangrove mania
Courtesy NT Education Department
This find-a-word contains the names of plants and animals as well
as some plant structures found in mangroves.
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Make up a worksheet for a transect
Structure of mangrove forest
Station no

Species present

Number of trees

Height

Comments on substrate

1.
2.
3.
4
etc.

Fig 52 All ideas and worksheets from this page courtesy NT Department of Education. Reproduced with permission
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Fig 53 Our vulnerable estuaries (Photo courtesy NSW State Fisheries)
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Chapter 18
Aquaculture
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Content

Process skills

●

Key terms applied to the marine environment

●

Interpret data concerning the economic
value or marine and maritime industries

●

Gross anatomical structure of two
marine organisms from different phyla

●

●

Potential resources that can be derived from the sea

Identify potential commercial applications
of the sea and describe the current barriers
to their development

In depth study

●

Types of industry based on the sea

●

●

The positive and negative effects of
commercial exploitation of the sea

Interpret data complied by direct observation during field study in a selected environment

●

analyse a specific example of the operations of a particular commercial industry

●

Compare the methods used locally with
those employed at other places and/or times

●

Explain the basis of a technology important
in that industry

●

Identify a problem within the industry, investigate possible solutions, and select the
most appropriate one

●

Prepare and present a report on the operation of the selected industry

In depth study - mariculture
●

Habitats of specific life forms in a selected environment

●

Features of a particular organism

●

The major components and interrelationships of the chosen industry

●

The categories of employment within
the industry and the training requirements of each

●

Relevant regulations or controls and
the authority responsible for policing
them

Topics
The need for aquaculture
Approach to aquaculture - Intensive vs.
Extensive systems
Water quality
Some relevant aquatic biology
Setting up an operation
Investigating particular aquaculture operations
Student project - Individual research

Skills

Attitudes

●

Dissect a marine organism to display
and identify the main internal and external features

●

An understanding of the relationships
between abiotic and biotic resources of
the sea

●

Use appropriate sampling equipment
with due care for sound conservation
practice

●

An appreciation of the finiteness of the
biotic resources of the sea

●

●

Pencil sketch an organism from the
marine environment

Acknowledge the obligations of those
engaged in the industry to the community
as a whole for the use of a shared resource
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The need for aquaculture

Aquaculture - profit or loss?
It is important to note that aquaculture for profit is still in its developmental stages. The most successful operations show a small profit
after several years. With changing
technology and support this situation will change with increased technology and markets.

Estimated worldwide harvest of aquatic organisms
1975

67 million

1980

71 million

1983

82 million

1986

82 million

Fig 1 Estimated worldwide harvest of aquatic
organisms (After lecture notes)

Aquaculture is the farming of animals or plants in fresh or salt
water by humans. The growing of aquatic organisms has been
practised for many centuries, particularly in Asia and Europe.
Typically, these were small scale family operations to provide
food for the local people. Some of the farming methods used
seem most unappealing to us.
In some parts of Indonesia for example, houses have been
traditionally surrounded by a moat stocked with fish. The family
latrine is built out over the moat. This provides food for the fish
as well as disposing of unwanted human waste. Significant
health problems can emerge especially if the fish is not cooked
properly. Why might this be?
Throughout the developed world the major reason for growing
aquatic organisms is for profit, not subsistence. When a resource
is in short supply and the demand is high the price increases.
High prices for aquatic products (e.g.. barramundi, mud crabs
etc.) attract investment in aquaculture projects. This is the
driving force behind most Australian aquaculture. Indeed, the
demand for new aquaculture operations will increase as wild
stocks are subject to more intensive fishing as shown by the data
presented in Figure 1.

Fig 2 How much of
today's seafood will
be
cultured
tomorrow? (photo
courtesy
Fish
promotions unit - PO
Box 344 Fortitude
Valley 4006)
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Fig 3 From Austasia aquaculture June 1991 Page 3 Turtle Press PO Box 279 Sandy Bay 7005

Sustainable harvest
The total sustainable, annual harvest from the world’s oceans has
been estimated at around 100 million tonnes. We are now close to this
(Figure 1). Increasingly, people will
turn to aquaculture to satisfy their
insatiable appetite for seafoods. It
already supplies around 15% of total
demand. This is expected to increase
to about 25% by the year 2000.
Australia supplies only a very small
fraction (less than 10 000 tonnes) of
the 12 to 15 million tonnes of aquatic
organisms cultured throughout the
world. The total value of Australian
production was approximately
$220M in 1990/91.
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Aquaculture then, is a most worthwhile enterprise for a number
of reasons.
• It provides new products for consumers . For example, fresh
North Atlantic Salmon is not imported into Australia.
However we are able to sample the delicacy thanks to some
enterprising people who are growing this fish in Tasmania.
•
It provides for an
alternative supply of a species. There is enormous fishing
pressure on particular species such as barramundi, abalone
and freshwater crayfish, among others. The future supply
of these animals to markets in sufficient quantities can
only be guaranteed through intensive farming operations.
• It allows the organism to be supplied in a different form. The
current minimum legal size for wild caught barramundi is 55
cm. Fish of this size weigh around 2 kg.. Sea Farm (a
North Queensland outgrow facility) is able to supply much
smaller pan sized fish of around 450 g. to restaurants.
• It supplies products other than food. The aquarium fish
market is worth several million dollars each year in Australia
alone. Various government agencies culture fish to stock
waterways for recreational fishing. For example, the
Queensland Department of Primary Industries has stocked
Lake Tinaroo (a man made impoundment) with barramundi
in recent years. Pearls have been cultured throughout the
world for decades. Perhaps supplies of shells from an
endangered animal such as the giant clam could come from
mariculture operations in the future.
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Fig 4 An extensive aquaculture system- Thailand (Photo courtesy M. Capra Qld University of Technology)

Approaches to aquaculture
Extensive systems

There are basically two approaches
to aquaculture
- extensive and intensive

The traditional family fish farm, such as the Indonesian
example mentioned previously, is usually an extensive operation.
Other examples include dams stocked for recreational fishing,
farm dams to which fish or crustaceans have been added and
large earthern ponds built for farming fish or crustaceans as
shown in Figure 4.
Let us now examine some features common to extensive
systems. Firstly, much of the food required by the cultured
animals is often generated in the pond itself. Barramundi in Lake
Tinaroo must rely on other fish in the lake for food. In other cases
the water is fertilised to promote algal growth. The algae may
serve as food for the culture animals or other animals (e.g.
zooplankton) on which the culture animals feed.
This technique is used by Abington Fish Hatchery near
Childers in central Queensland. Here, the ponds are fertilised
to encourage rapid algal growth. There is a subsequent increase
in the numbers of minute animals which feed on the algae.
Recently hatched fish fry are now introduced into the pond
and begin feeding immediately on the zooplankton. In contrast
to these examples, fish and crustaceans such as carp and prawns
growing in specially designed large earthern ponds usually
depend on external feeding on a regular basis.
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A second feature of extensive systems is that a large water
surface area is required but, not necessarily a large continuous
supply of water. Consider a farm dam, for example. A newly
constructed dam may be filled during the first wet season,
allowed to mature and then stocked with fish. Providing that
there are not too many fish in the dam, it may be several
months before more water needs to be added. However,
earthern ponds require more attention. Some may just need
to be topped up regularly while others may require continuous
water exchange.

Intensive systems
In intensive systems there is a large number of animals per unit
volume of water. Structures used for containment include
small ponds, raceways, various tanks and troughs or dams as
shown in Figure 5.
A major feature of intensive operations is that the organisms
must be fed on a regular basis. The amount of food given must
be watched very carefully. Insufficient food may result in
poor growth, increases in disease and cannibalism, and the
death of many animals. Excess food also causes a number of
problems. Uneaten food will rot. Rotting principally involves
the activities of fungi and bacteria. These decomposers require
a lot of oxygen and are very efficient at removing it from the
water.

Fig 5 Intensive system (A dam) - Barramundi farm Innisfail NQ (Photo courtesy T. deKluyver)
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The resulting low oxygen concentrations is likely to cause the
death of the culture animals or at least stress them. Stressed
animals tend to grow more slowly and have an increased
susceptibility to disease.
Secondly, clean water must be flushed through the holding
structures frequently to remove the metabolic solid wastes.
Animals produce wastes high in nitrogen. Some of these can be
very toxic (particularly ammonia) and must be diluted or
removed from the system regularly. Therefore a good supply
of clean water or a very efficient filtering mechanism is
essential in intensive aquaculture operations.

SYSTEM

FEATURE

INTENSIVE

EXTENSIVE

WATER

Generally requires access
to an abundant quality
water supply

Abundant quality water
supply not critical

PUMPING
COSTS

High

Low

LAND
REQUIREMENTS

Low

High

FEEDING
COSTS

High

Low

MONITORING\
CONTROL OF
WATER QUALITY

Essential

Not so critical,
particularly in very
large water bodies.

MONITORING\
CONTROL OF
DISEASE

Relatively easy but,
disease problems are
common.

Relatively difficult
but, disease problems
are less common.

CULLING\
HARVESTING

Easy

Difficult

LABOUR
REQUIREMENTS

High

Low

Fig 6 Comparing the features of intensive and extensive aquaculture systems.

Water quality
Inorganic substances
Nothing will live in pure water. Photosynthetic plants (the
major autotrophic organisms) will not grow unless they have
access to carbon dioxide particular mineral ions and sunlight, as
well as water. All organisms require oxygen for respiration.
Therefore water used in aquaculture, whether fresh or salt, must
be a solution containing adequate concentrations of certain
substances.
Marine Studies Copyright Wet Paper 2014
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Sea water provides an abundance of mineral ions for the organisms which live
in it. However, this is not always true of freshwater. Crustaceans and molluscs both
require moderate levels of calcium for normal growth, for example. Carbon dioxide
is very soluble in water and is not normally in short supply to photosynthesing plants.
On the other hand, oxygen is only slightly soluble in water and often limits the
distribution of animals. The total amount of oxygen able to be dissolved in water
varies with temperature and salinity (Table 4). More oxygen will dissolve in cold
water than warm water. Increasing salinity reduces the amount of oxygen water
can hold for a particular temperature. Therefore warm, saltwater is unable to hold
as much oxygen as cold fresh water. Cold freshwater, saturated with oxygen at 10C.
holds 25 mg/L whereas, hot seawater at 300C can only hold about 11 mg/L.
Cold freshwater

Cold saltwater

Temp

0

2

4

6

8

10

12

14

16

18

20

1

25.73

25.06

24.46

23.88

23.32

22.74

22.20

21.66

21.14

20.63

20.14

2

25.00

24.39

23.81

23.27

22.69

22.15

21.64

21.12

20.59

20.11

19.62

3

24.30

23.74

23.20

22.67

22.13

21.61

21.10

20.58

20.09

19.60

19.13

4

23.65

23.11

22.60

22.08

21.55

21.05

20.56

20.05

19.56

19.13

18.68

5

23.03

22.49

22.00

21.52

21.01

20.52

20.03

19.56

19.10

18.66

18.25

6

22.47

21.95

21.43

20.96

20.47

20.00

19.55

19.08

18.64

18.23

17.81

7

21.91

21.41

20.92

20.45

19.98

19.55

19.08

18.64

18.19

17.78

17.40

8

21.41

20.88

20.40

19.96

19.51

19.08

18.64

18.19

17.78

17.36

16.98

9

20.88

20.40

19.91

19.46

19.04

18.61

18.19

17.78

17.36

16.98

16.62

10

20.40

19.93

19.46

19.02

18.61

18.19

17.78

17.36

16.98

16.62

16.26

11

19.96

19.46

19.02

18.59

18.19

17.78

17.40

17.00

16.62

16.26

15.90

12

19.51

19.02

18.59

18.17

17.78

17.40

17.00

16.64

16.26

15.90

15.55

13

19.08

18.61

18.19

17.78

17.40

17.00

16.64

16.28

15.92

15.55

15.21

14

18.66

18.19

17.81

17.40

17.00

16.64

16.28

15.92

15.57

15.25

14.90

15

18.25

17.81

17.42

17.04

16.67

16.31

15.95

15.61

15.25

14.94

14.61

16

17.87

17.45

17.05

16.69

16.31

15.97

15.61

15.30

14.96

14.65

14.34

17

17.47

17.09

16.73

16.35

15.99

15.63

15.30

14.99

14.65

14.34

14.05

18

17.11

16.75

16.39

16.02

15.66

15.32

15.01

14.71

14.40

14.07

13.80

19

16.76

16.40

16.04

15.68

15.36

15.01

14.72

14.42

14.24

13.82

13.53

20

16.46

16.08

15.72

15.37

15.03

14.72

14.43

14.16

13.84

13.57

13.30

21

16.13

15.75

15.43

15.08

14.76

14.43

14.16

13.89

13.59

13.33

13.06

22

15.81

15.45

15.14

14.80

14.49

14.18

13.89

13.62

13.35

13.10

12.84

23

15.54

15.18

14.85

14.52

14.22

13.93

13.64

13.39

13.12

12.86

12.63

24

15.25

14.90

14.58

14.25

13.95

13.66

13.40

13.15

12.88

12.63

12.39

25

14.94

14.61

14.31

14.00

13.69

13.44

13.17

12.92

12.66

12.43

12.19

26

14.67

14.34

14.05

13.77

13.46

13.21

12.93

12.70

12.45

12.21

11.98

27

14.42

14.07

13.80

13.53

13.22

12.97

12.70

12.48

12.25

12.01

11.78

28

14.16

13.82

13.57

13.30

12.99

12.75

12.50

12.27

12.03

11.80

11.56

29

13.89

13.59

13.33

13.06

12.79

12.56

12.32

12.07

11.83

11.60

11.36

30

13.66

13.35

13.10

12.86

12.57

12.34

12.10

11.89

11.65

11.42

11.18

Hot freshwater

Hot saltwater

Fig 7 Dissolved oxygen at different temps and salinity.
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Salinity mg/L

O2

O2
O2
Atmosphere

O2

Plants use O2 for respiration during
the day as well as the night. During
the day, photosynthesis produces
more oxygen than the plant can use.
This excess is released into the water.

Diffusion
O2
Eutrophic layer
Photosynthesis
(Primary producers
marine plants)

Cellular respiration
(Plants and animals)

Decomposing animals and plants - oxygen is
removed

Oxygen poor

Wet Paper

H 2O

Fig 8 Diagram of a pond showing euphotic layer animals, and decomposition.

The oxygen levels indicated in Figure 7 are the maximum
values possible. In many aquaculture situations oxygen levels
are well below these 100% saturation figures. To help visualise
the causes of low oxygen levels in water bodies, let us consider
a pond rich in both plants and animals for a moment as shown
in Figure 8.
During the day the plants photosynthesise releasing oxygen
into the water. A significant amount of this oxygen escapes into
the atmosphere. The remainder is dissolved in the water and is
available for respiration. As night descends photosynthesis
stops and the plants actually take oxygen from the water for
respiration. Fish, crustaceans, molluscs and other animals as
well as fungi and bacteria also place demands on the available
oxygen.

surface of water
surface between
bubbles and water
Fig 9a Water through air
Wet Paper

water droplets - surface
between air and water
surface of water

Fig 9b Air through water
Wet Paper
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Animals are less tolerant of low oxygen levels than the other
organisms and will die if the oxygen concentration falls too far.
This is most likely to occur if there is a lot of decomposing
organic matter.
Why?
In an aquaculture system there is usually a much larger number
of animals per unit volume of water than there is in a pond.
These are growing rapidly and are continually releasing metabolic
wastes into the surrounding water.
The metabolic wastes, dead animals and uneaten food are
consumed by bacteria and fungi. Therefore it is essential to
aerate the water so that the demand for oxygen can be met. This
is done by spraying water into the air (Figure 9a) or bubbling
air through water (Figure 9b).
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Fig 10 Ventuari in cross section
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The ventuari (Figure 10) or Box aeration (Figure 11) offer an
interesting mechanism for mixing air and water. In the ventuari,
the moving water drags the air in to produce an air/water
mixture.
paddle wheels
power cable from land

water

bubbles
of air

Fig 11 Box aeration technique increases the surface area across which
oxygen can dissolve in water
Wet Paper

Temperature
Temperature has a significant effect on aquaculture
production. Each species has a particular temperature range for
optimal growth. The optimal temperature for the freshwater
crayfish, Cherax quadricarinatus, is between 240C and 280C
(Jones, 1989).
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Above or below these temperatures, growth rates are reduced as
shown in Figure 12
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Fig 12 Growth of Cherax quadricarinatus at five different temperatures over 70 days (After Jones 1989)
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pH

Revise pH
pH has been discussed in
Chapter 13, Page 374

pH is a measure of the degree of acidity or alkalinity of a
substance on a 1 to 14 scale. One to 6 is acidic, 7 is neutral and
8 to 14 is alkaline. Factors affecting pH in aquatic systems are
many and complex. Useful organisms may have different pH
requirements. For example, phytoplankton in freshwater grow
best when the pH is about 7 whereas zooplankton favour a
slightly alkaline environment. Overall, the most desirable pH
in freshwater systems is 7 to 7.5. Nitrate buildup (resulting from
the decomposition of animal wastes and other organic matter)
can acidify the water. This can be corrected by adding crushed
limestone or coral or, exchanging the water.
Waste products.
Fish excrete ammonia through their gills. Ammonia is soluble
in water and toxic to fish in high concentrations. The
decomposition of uneaten food and faeces also releases ammonia
as well as a number of less important toxins. In natural
waterways such as oceans, lakes and rivers there are relatively
few fish in a large volume of water.
Under these conditions the ammonia is too dilute to affect the
animals. In contrast, there are normally large concentrations of
fish in small volumes of water in culture situations. Therefore
the build up of ammonia can become a serious problem in
closed systems (i.e. where the water is recycled). An efficient
filtration system such as passing well aerated water through
a gravel bed (a biological filter) is one technique for removing
the ammonia (Figure 13).
One drawback of this system is that nitrates tend to accumulate
in the water. This is not a significant problem in the short term
as nitrates are not very toxic to most aquatic animals.
Eventually the nitrates have to be removed. This is normally
done through water exchange. Plants of various types can also be
used to soak up the nitrates.

Fish

Protein + Urea

Ammonia NH 3
Nitrosomas bacteria
Nitrite NO 2

A second alternative for removing wastes is through mechanical
filtration. Several types of filter are available. Thirdly, many
operators overcome the waste problem through regular water
exchange. This is particularly true of earthern pond systems.

Some relevant aquatic biology
Nitrobacter

Nitrates NO3

Fig 13 Nitrification in a biological filter
Wet Paper
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This section will consider some aspects of aquatic biology that
are of particular concern to aquaculture. These include
reproduction, growth, behaviour, tolerance and disease.
Reproduction
The aquatic farmer must rely on reproduction for new stock. It
is therefore necessary to have an intimate knowledge of the full
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To market

A. Spawner - wild
caught female
1 - 3 days

90 days
Berried female

B - nauplius
13-14 hrs

20 days

D - Post larva 3 - 4 days
B - zoea 2 - 3
days
C - mysis 3 - 4 days

Fig 14 The reproductive cycle of saltwater prawn in a culture situation. Here, berried females are caught from the wild
Wet Paper

reproductive cycle of the organism being grown. We will now
look at a few examples of crustaceans and fish to highlight
this statement.
Several species of freshwater prawn belonging to the genus
Macrobrachium have some aquaculture potential. One
Macrobrachium rosenbergii, the giant freshwater prawn Fig 11
is farmed in many countries including the Philippines, Thailand,
Israel, Indonesia, Malaysia, Africa and America. A few people
have attempted to grow the animal in Australia and have had
mixed success. After hatching, the giant freshwater prawn goes
through 11 larval stages as zooplankton before settling to the
bottom. The prawn larvae require brackish water (12 ppt) and
feed on unicellular algae while the adults live in freshwater and
will eat a wide variety of organic matter. Therefore the farmer
would require access to both sea water and freshwater as well as
different food types to successfully grow M. rosenbergii.

544 Chapter 18 Aquaculture

Marine Studies Copyright Wet Paper 2014

Fig 15 Macrobrachium rosenbergii the Giant Freshwater Prawn found throughout Asia, including Australia (Photograph
courtesy DPI and Queensland Fish Management Authority)

Another freshwater prawn which shows some potential for
aquaculture in one found in many Australian river systems
called Macrobrachium australinese. This animal has a major
reproductive advantage over the giant freshwater prawn.
The entire life cycle of M. australinese occurs in freshwater
with complete larval development taking place inside the eggs
attached to the female. Hence, no saltwater or live food is
required. Unfortunately they only grow to about 9 cm. in length
and may be too small to grow commercially for food. Like M.
australinese, several species of Australian freshwater
crayfish complete their larval development before hatching.
One species ( Red Claw) will be considered in some detail later.

Barramundi reproduction revision
Refer back to Figure 27, Page 433 to
revise the life cycle of a barramundi
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Saltwater prawn farms are common throughout Asia and form a
major component of Australian mariculture. As with the giant
freshwater prawn, saltwater prawns go through a number of
larval stages after hatching. These larvae also require live food.
Compared to crustaceans the life cycle of a fish is relatively
simple.
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Although barramundi (Lates calcarifer) will live in both fresh and
saltwater, they will only breed in saltwater when particular
conditions are met. These conditions are not always easy to
replicate in the farm situation. Therefore a number of techniques
have been to assist the farmer with barramundi gamete production.
These will be discussed in more detail later.
Behaviour
The behaviour of aquatic organisms has a significant bearing on
their aquaculture potential. Some
example of unfavourable behaviours include cannibalism, aggression, burrowing and migration.
Many species of fish and crustaceans are cannibalistic. A
barramundi will attack and eat
another barramundi up to 60% of
its own size.
Densely stocked barramundi must
be size graded every few days to
avoid this problem.

On hatching, larval barramundi must be fed on small live
zooplanktonic animals such as rotifers initially and then brine
shrimps several days later. As the juvenile barramundi develop,
prepared foods are substituted for live foods and they can be
transferred to freshwater if required.
Growth
Food is used to provide energy and materials for growth, movement
and reproduction. Optimal feeding is required for maximum
growth. Obviously animals will not grow rapidly without adequate
food. Over feeding also reduces growth rates. Uneaten, rotting food
produces toxins, reduces oxygen availability and increases disease
problems.

Freshwater crayfish commonly
attack and eat one another where
numbers are high and there is
inadequate shelter. Moulting animals (those changing their shell)
are particularly vulnerable.

Fish and invertebrates commonly used in aquaculture are ectothermic
(body temperature varies with the surroundings). Generally,
exothermic organisms grow more rapidly as temperature increases.
However growth rates will begin to fall after a particular
temperature (this depends on the species) is reached

Aggressive animals may damage
or affect the growth and reproduction of others. Large dominant
males of native Australian giant
freshwater prawns can be very
aggressive towards nearby males.

Young animals usually grow much more rapidly than older ones.
They are also able to convert food into growth more efficiently
than when mature. This means that it is often most profitable to sell
smaller rather than larger animals. Farmed barramundi for example,
are sold well below the legal size of wild caught animals.

This severely reduces overall
growth rates and may affect reproductive potential. It is difficult to
hold burrowing animals in earthern
ponds. They tend to undermine
the walls and are difficult to
harvest. Some species of freshwater crayfish burrow.
The West Australian Marron
(Cherax tenuimanus) will leave a
pond if the water is not precisely
to its liking. Migration (escape
from enclosures in this case) is a
problem with most species of
freshwater crayfish

Percent
100
90

C. quadricurinatus

80
70
60
50
40
30

Fig 16 Relative growth performance of
Cherax quadricarinatus and Macrobrachium
rosenbergii over the temperature range 20
to 35 0C. Maximum growth rate equivalent
to 100% (After Jones 1989)
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Fig 17 Algal culture for food for primary producers (Photo courtesy T. deKluyver)

The growth of aquatic animals is affected by factors such as food availability,
oxygen levels, temperature and age, as well as their overall health.
Disease
The old saying “prevention is better than cure” is especially applicable to
aquaculture. Sick fish do not grow and often die. More importantly they can
contaminate others. This means loss of production and profit for the operation.
Stressed fish will often become sick fish. Animals are stressed when they are forced
to live in conditions which do not suit them. The water may be too hot or the oxygen
levels too low. Wisdom would dictate therefore, that a good deal of effort be put
into maintaining optimal conditions for the animals.
Parasitic organisms, nutritional deficiencies and genetic disorders are the causes
of disease. Parasitic organisms can be classified as viruses, bacteria, ecto-parasitic
animals, endo-parasitic animals and fungi. Parasitic diseases are numerous and
varied. It is beyond the scope of this course to deal with specific diseases. Basic rules
should be followed in order to prevent or control disease outbreaks. Each pond
should be provided with its own water supply. It is poor management practice to
allow water from one pond to flow into another. When stocking a pond, care should
be taken to ensure that all animals are healthy and vigorous. Quarantine areas should
be set aside for suspect animals. Sterile procedures should be adopted where
appropriate. Benzalkonium chloride solution containing 600 ppm active ingredient
is a satisfactory sterilising agent. Finally, the animals must be monitored closely
for any signs of disease.
Marine Studies Copyright Wet Paper 2014
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Setting up and operation
Tolerance

Biological considerations

Different species of organisms show
varying degrees of tolerance to a wide
range of environmental factors. Redclaw
will grow quite well in fresh or brackish
water and, barramundi can be grown in
any degree of salinity up to sea water.
Both tolerate a wide range of salinity.
Other environmental factors for which
organisms degrees of tolerance include temperature, oxygen, various toxins, light, pH, turbidity and crowding to
name a few.
The extent to which a culture organism
can tolerate particular environmental
factors can be of considerable importance. Consider the following case.
The operators of a North Queensland
saltwater prawn farm have difficulty in
maintaining salinity levels in the ponds
during the hot dry months before the
wet season. The reasons are twofold.
Firstly, there is insufficient freshwater
available to replace that lost through
evaporation.

Brood stock

Hatchery

To market

Growout facility

Fig 18 Stages in an aquaculture operation
Wet Paper

The first requirement of any aquaculture system is access to
good quality breeding stock or their offspring. Brood stock can
either come from the wild or be supplied from another aquaculture
operation (Fig 19).
Brood stock
E.g. mature red claw

Secondly, the farm’s design does not
allow the rapid replacement of highly
saline water with fresh sea water.

From the wild. E.g. the Gulf
country of N.W. Queensland

Consequently salinity levels of up to 45
ppt have been recorded in the ponds.
Remember sea water contains 35 ppt
salt.
Under these conditions the water temperature has reached 40 C. In spite of
the harsh environment a major proportion of the prawns survived.
The fact that these prawns could tolerate extremes of temperature and salinity saved the operation from immediate disaster. Do you think that the
conditions would have affected growth
rates?

Nursery

Aquaculture operation
E.g. Freshwater Australian
Crayfish Traders in S.E.
Queensland

Capture permit

Fig 19 Source of brood stock. (Adapted from QDPI)
Wet Paper

Brood stock should be healthy and free from disease. They
should also display the desired characteristics. This may be
difficult for wild caught animals as their growth rate,
reproductive and behavioural histories is unknown. On the other
hand the proprietor of an aquaculture operation should be able
to provide some of this information for his captive raised
animals.
Hatchery
The next thing that should be considered is the control of
reproduction in the brood stock. Ideally, the brood stock should
be able to supply offspring all year round. This contrasts with
nature where breeding tends to be seasonal. Therefore, an
important challenge for aquaculture is to discover the
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Fig 20 Water treatment is essential to the hatchery situation (Photo courtesy T. deKluyver)

environmental factors which trigger reproduction and to replicate
them under controlled conditions. Perhaps you could take up
this challenge with an animal like redclaw in your research
project.
sea
cages

coastline

pond
outgrow
facility

phytoplankton

pump

treated
water

larvae
zooplankton

Fig 21 Schematic diagram of water
treatment and hatchery setup (not to
scale)

A rise in water temperature stimulates oysters to spawn
(release of eggs and sperm). Redclaw reproduction appears to
be stimulated day length and water temperature. In the wild,
barramundi spawn in sheltered estuary gutters where the water
temperature is 27 - 34 C. and salinity ranges from 24 to 33 ppt.
In some cases the eggs and sperm are collected separately from
the brood stock and mixed by hand (e.g.. barramundi, Pacific
oysters in Tasmania and giant clams). The eggs remain attached
to the mother in crustaceans such as saltwater prawns and
freshwater crayfish until hatching. Other operations collect
their young directly from the wild. Spat (very young oysters
which have just settled from their planktonic stage) of the
Sydney rock oyster and the North Queensland blacklip oyster
are collected on tarred sticks and fibrolite plates or broken shells
respectively.
Young eels are also caught from the wild as they swim
upstream from the ocean. The hatchery phase of an
aquaculture operation is often critical (i.e. the time from
spawning until shortly after hatching). Under natural
conditions most of the animals die during this time.

Wet Paper
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The term outgrow
and grow out refer
tothe same facitlty.
Ed. Note

Hatcheries are designed so that survival rates can be greatly
improved. It is necessary to control and monitor water quality,
food quantity and quality and, disease. Important aspects of
hatchery water quality include temperature, salinity, oxygen
levels etc.. The feeding of larval animals is critical to their
survival. For example, barramundi, prawns and oysters all
require particular types of live food at specified times after
hatching. Failure to meet these requirements will result in heavy
losses. As previously mentioned, crowding leads to increased
disease problems. Eggs and larvae are normally held in very
densities. Disease is normally controlled through the use of
sterile procedures, antibiotics and good management.
Nursery
Young animals from the hatchery are cared for in the nursery
until they are large enough to be introduced into less controlled
growout areas. Often nursery animals undergo dietary changes
and/or acclimatisation to new conditions. Barramundi are
moved from live food to artificial food and can be introduced
to freshwater during this time.
Outgrow facility
This is where the animal is grown through to
maturity for marketing or for future brood stock.
Water enclosures may vary from a few square
meters in intensive operations to many hectares in
extensive operations. Once the animals have
reached the desirable size, they are harvested and
prepared for market. A few may be selected as future
brood stock.
Site selection

Fig 22 Site selection is one consideration for an outgrow
facility (Photo courtesy T. De Kluver)
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Like any organisms, those used in aquaculture have
particular requirements which must be met if they are
to achieve their growth and reproductive potentials.
Tropical animals do not perform well at the lower
temperatures experienced in the southern half of
Australia. They tend to stop feeding and growing and,
often die. The results of a recent winter fishing
competition on Lake Tinaroo can be used to highlight
this point. As mentioned before, the lake has been
stocked with barramundi for just such an event. The
water temperature of Lake Tinaroo in mid winter is
several degrees cooler than the parent stock would have
experienced in the coastal waters on the north west side
of Cape Yorke Peninsula. You guessed it. The fish
were not feeding and none were caught throughout the
entire competition.
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Fig 23 Outgrow facility - Barramundi (Photo courtesy T. De Kluver)

Conversely animals become heat stressed and die if the water temperature
is several degrees above that found in their natural environment. Juvenile
Golden Perch (natural found throughout much of the Murray - Darling
river system of New South Wales and southern Queensland) were used
to stock a number of experimental aquariums at Heatley High School in
Townsville.
The hot summer conditions of North Queensland caused a large
proportion of the animals to die from heat stress. The above examples
demonstrate the importance of temperature in site selection. The
availability of a good supply of quality water is another obvious
consideration. Very large water volumes are often involved. 50 ha. of
ponds with an average water depth have a total water volume of 500 000
cubic metres. This is equivalent to 500 million litres. Such a system
would require an exchange of about 70 million litres of water per week for
a prawn farm. Over 20 million litres could be lost through evaporation each
week as well. Therefore a moderately sized prawn farm would require
access to 100 million litres of water per week throughout the year. Both
freshwater and sea water are needed in set proportions (depending on the
stage in the prawn’s life cycle) to make up the 100 million litres. Earth
ponds are normally used as growout facilities in prawn farms. These
need to be constructed in clay soil to prevent excess loss of water. A
potential prawn farm site must have a clay soil, access to large quantities
of fresh and saltwater and, meet the climatic requirements of the animal.
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Social and legal
considerations
Obviously major aquacultural activities
would not be tolerated in residential
areas nor near major public waterways
already used for other purposes like
shipping or recreational pursuits. In
any case permission from a number
of government authorities is required
before a commercial operation can
be established.
The following outline of governmental
requirements is intended as a brief
overview only and applies specifically
to Queensland.
Potential aquaculture operations do
not necessarily need to apply to all
the authorities mentioned while others
may need to apply to authorities not
mentioned.
Permission must be sought from
the
relevant
local government
authority to set up the operation. This
will involve the submission of plans
and possibly a re-zoning application.
Building inspections etc. will be carried
out by the authority during
construction. An aquaculture permit
is required from the Queensland
Department of Primary Industries for
operations with a water surface area
above 200 sq.m.. Two types of permit
are available. One is for the culture of
animals for non food purposes (e.g.
barramundi fingerlings for stocking
dams). Another, more expensive
permit is required for the marketing of
food animals. The Queensland
Water Resources Commission is
responsible for the allocation of fresh
water throughout the state. They will
need to be consulted if significant
amounts of freshwater are required.
A licence for discharge water is
required from the WQS. They will set
particular conditions such as quality
requirements for discharge water and
the timing of release etc. The
Queensland Parks and Wildlife
Service would need to be involved as
well as GBRMPA if the operation was
likely to affect marine parks. The
Australian Parks and Wildlife issues
export licences. Other bodies such
as the Beach Protection Authority,
port and electricity generating
authorities etc. may also need to be
consulted.
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Salmon and barramundi are normally grown out in cages in sea
water as shown in Figure 23 and in Tasmania (Figure 25). A
sheltered site with good water flow is required.
Other important aspects which should be considered when choosing
a suitable site are the degree of isolation from labour and material
supplies and, ease of access to major markets.

Other considerations
Technical and Personnel
An aquaculture facility may have low technological requirements
such as a Redclaw growout operation. Others, like a barramundi
hatchery may involve complex environmental control and live food
growing systems. In the latter case, it is necessary to seek expert
technical assistance during the planning and construction of the
facility. For example, hydraulic engineers should design the
pumping and re-circulating systems.
The right mix and number of personnel are necessary for the smooth
operation of any aquaculture system. This will depend on the size
and complexity of the operation. A moderately sized prawn farm
would require from eight to twelve people plus casual labour during
harvesting, to run it. There would need to be a manager, at least one
aquaculturalist with a strong understanding of the animal’s biology,
a financial expert, someone with a good practical knowledge of
machinery, a work supervisor and some general hands.
Environmental
By its very nature an aquaculture operation interacts with the
environment in a number of significant ways. Building dams,
altering water courses and removing water from streams all have a
major impact on the local ecology. Discharge water is different in
composition to the naturally occurring water bodies in the region.
They are typically high in nutrients (organic material, ammonia,
nitrites and nitrates) and low in oxygen. If the discharge is not
well managed many of the naturally occurring organisms
downstream from the operation may disappear and be replaced by
others which are more tolerant of high nutrient, low oxygen
conditions.
A culture pond or sea cage filled with crustaceans or fish provides
a concentrated food source for a number of predators. Comerants
will feast on prawns. Crocodiles and sharks enjoy a meal of
barramundi. Seals have a healthy appetite for salmon and sea
grown trout. The few animals which are actually eaten do not
represent a major threat to the aquaculturalist. Rather it is the
damage they cause in the process. For example, a single seal is
capable or tearing open several cages and releasing a thousand
salmon in an evening. Can you think of a suitable solution to the
problem.
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Fig 24 The high cost of food and water treatment and purification is a major economic factor (Photo courtesy T. De Kluver)

Try not to kill the seal. Stream pollutants such as pesticides,
fertilisers and industrial wastes are all likely to have major
effects on any aquaculture operation. Current sources as well as
possible future sources of these substances need to be taken into
account during the site selection process.
Economic considerations
The primary function of commercial aquaculture operations is to
return a profit to their investors.
Therefore the total costs of production must be less than the revenue gained from the sale of
animals.
If the costs of production are high
the price of the produce must
also be high. Barramundi, salmon
and prawns all involve complex
farming techniques and require
high quality food. This makes them
expensive to grow. They also command high prices because they
are much sought after seafoods.
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Investigating particular aquaculture
operations
There are many organisms which are farmed worldwide. Some
of these are grown in large commercial quantities. The total
world production for Penaeid prawns (saltwater prawns) is over
600 000 tonnes, for example:- large scale aquaculture is still a
relatively young industry and a number of wild organisms with
potential have not yet been fully investigated. In Queensland
these may include Coral Trout, Dolphinfish, Nannygai,
Spanish Mackerel, Red Emperor, Javelinfish, Snapper,
Estuary Cod and Sleepy Cod, just to name a few.
Two wild animals growing naturally in Queensland,
barramundi and red claw have been the subject of much
research and are now being grown commercially. Success has
been mixed to date and much research still needs to be done. The
remainder of this section will be devoted to looking at typical
operations for Penaeid prawns and Redclaw.
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The production status in the 1989-90 financial year for these
three animals is outlined in Figure 23. Please note that all
freshwater crayfish are included, not just Redclaw.
Freshwater crayfish
There are over 400 freshwater crayfish farms in Australia
(Figure 25 ). A significant proportion of these are Redclaw
operations, particularly in Queensland. Research has shown
that Redclaw grows rapidly over a wide temperature range, will
eat a variety of foods, will tolerate a wide range of salinities, can
be stimulated to reproduce throughout the year and, do well
under crowded conditions.

Fig 25 From Austasia June 1991 (Courtesy Turtle Press - PO Box 279, Sandy Bay, Tasmania, 7005)
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Fig 26 Tasmanian outgrow facility (Photo courtesy T. De Kluver)

They also command a high price on the open market; almost $16 kg in 1990. All of
these features contribute towards their popularity as a first rate aquaculture animal.

CRAYFISH LIFE CYCLE
During summer

MATING
Adults will
grow to
300g 4-5
yrs old

MATURE
50-100g
commercial
size
Rapid growth 6-12
months fed
detritus

Incubation 6-10
weeks

Cherax
quadricarinatus

Adult form, 0.02g

HATCHLINGS 300-1000/female
Rapid growth
50-60 days fed
zooplankton

JUVENILE
0.5-1.0g suitable
for stocking

Fig 27 Crayfish lifecycle, (After Jones 1989)
Wet Paper
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Fig 28 Redclaw external features and reproductive appendages (After Jones 1989)
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Unlike barramundi and prawns, Redclaw have no complex larval rearing
procedures. However, some operators use hatchery facilities, nursery ponds
and brood stock ponds. The operational stages might go something like this.
Breeding stock are initially introduced into a pond (e.g. 10 m x 30 m) in the ratio
of one male per two females.
As conditions warm and days lengthen, mating takes place. Berried females
(with eggs) are captured and placed in the hatchery. The eggs progress through
a series of stages during development (Figure 30) Approximately 100 to 1000
eggs are produced per female and she may breed four or five times in a season.
At hatching the juveniles have an overall length of 9 to 10 mm. and a weight of
approximately 0.02 g.

Fig 29 Cumulative stage development
(days) in egg development of Cherax
quadricarinatus during external
incubation (After Jones 1989)
Wet Paper
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Fig 30 Cumulative stage
duration (mean days) of each
of 7 stages in the egg
development of Cherax
during
quadricarinatus ,
external incubation. (After
Jones 1989)
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Because Redclaw produce such a large
number of offspring and
breed with ease, a
proportion of farmers
have done away with
hatchery and nursery
facilities. They simply
obtain their juveniles
from a breeding pond.

The juveniles are then transferred to nursery tanks. Here they are grown
through to about 5 to 6 cm. in length before being transferred into the larger
growout ponds. An average sized pond is about 20 m x 50 m) Stocking rates
vary between 5 and 10 per sq.m.. A variety of commercially prepared foods
are used. These include “Marron”, “Yabbie” and “Escape”. The feeding
rates depend on animal size and temperature. Young crayfish consume more
food per unit body weight than older ones and feeding rates increase in warm
weather. The average daily amount of food given should be around 2% of
the total body weight of the animals. After six months they should have an
average body weight of 50 - 60 g. although, there is much individual
variation. Annual production for Redclaw is around two tonnes per ha..
Water-flow traps are common and effective devices for harvesting the
animals (Fig 31)

Trap

Water inlet

Pond bank
Channel

Outlet pipe

Fig 31 (After
Jones 1989)

Pond bank

Diagrammatic representation of crayfish pond in cross-section, incorporating features of the 'box and
ramp' flow trap. The trap or sump beneath the water inlet would be covered during the outgrow period.
At harvest, the pond is drained while a low flow rate of inlet water is maintained. As the pond nears empty,
crayfish will move up the channel and into the trap, in which the cage is installed. This can be removed
by a mechanical arm from the pond bank.
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Student projects

Your experiments
The whole aim of this chapter is to encourage you to
experiment with a crustacean to gather and analyse data.
You should apply your
Chemistry from Chapter 13
as well as the ecosystem
concepts from Chapter 17.
Looking at Plankton from
Chapter 14 and the
anatomy from Chapter 16.

The intent of this project is to provide you with an opportunity to
do some genuine scientific research work. Some of the projects will
be original and may lead to exciting new discoveries. The sayings “
You get out of it what you put into it” and, “Good scientific research
is 1% inspiration and 99% perspiration” contain much truth. To do
any research of a significant nature will require a commitment from
you well beyond that of normal schoolwork. Firstly, you must gain
the necessary background knowledge in your area of interest. You must
decide precisely what you want to look at and, the organism/s you
should work with. The animals and/or plants need to be cared for over
an extended period of time. Data has to be collected on a regular basis.
At the end of the exercise you will be required to write a detailed and
accurate scientific report and, give an oral presentation of your
findings. Please consider the following guidelines before starting out.
Background research
Make sure that you are familiar with the basics of aquaculture. Pay
particular attention to water quality and the general biology of culture
organisms. Do some reading to fill in any gaps. Next, choose an area
of special interest to you and research it in some depth. You should
be aware of current developments in your area of interest and take
them further if you can or, you might like to repeat a particular
experiment to see if you come up with the same results. Think about
any additional information you may require and follow it up. Some
suggested areas to look at are the effects of things such as temperature,
salinity, light, oxygen levels, nutrient levels, calcium levels, pH etc.
on growth rates. You might like to look at the ability of particular water
plants to remove nutrients from the water or the effects of
environmental factors on reproduction. The list is almost endless.
Some areas of experimentation require access to highly specialised
materials and equipment. Make sure that you have access to these
before you become deeply involved. The school library is a good place
to start your background research. If you require further specialised
information ask the librarian or your teacher where you might find it.
There are a number of quality aquaculture journals available. Austasia
Aquaculture is probably the most suitable to start with.
Organism selection
The best animals to work with are those which are physiologically
tough, nonagressive and have a simple life cycle. Being physiologically
tough usually means that the organism has wide tolerance limits to a
range of environmental factors such as temperature, salinity, oxygen
levels, pH nutrients etc.. Aggressive animals will often attack one
another causing losses in culture animals. A simple life cycle often
means that there is no requirement for highly specialised food sources
during different developmental stages.
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Fig 32 The back of the science block can be used to set up a student experiment lab (Heatley SHS)

Redclaw
Redclaw is an excellent animal
to use in school based aquaculture research.

Barramundi and prawns would be difficult to work within the
school setting, for example. Both require highly specialised
maturation, hatchery and nursery facilities and, both require
live food during early development.
Schools usually do not have access to the expertise or the
facilities to take these animals through their life cycles. Just to
hold the animals in captivity can be difficult and may be illegal
without the necessary permits. Freshwater fish such as eel tailed
catfish and silver perch would make better candidates for school
based research. Don’t overlook aquarium fish. Some of these
are very good to work with.
Redclaw is an excellent animal to use in school based
aquaculture research. It will survive harsh living conditions, is
easy to feed (they will eat almost any food), reproduces easily,
has a simple life cycle and, can be purchased commercially.
Make sure that your aquaria are escape proof unless you wish to
see these beasts walking all over the school grounds.
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Unlike most animals, plants are easily maintained providing that
their requirements are met. Assuming that there is light, plants will
grow in you aquaria whether you want them to or not. A well lit
aquarium with nutrient rich water may turn soupy green or brown.
This is due to an algal bloom (as discussed in Chapter 14).
Experimental design
Data sheet - Growth rate vs. salinity in
Redclaw
Researcher/s:
J. Waters

Date: 7/10/92

Salinity: 10 ppt. Replicate No:2

Animal Weight Cephalo- Comments
thorax
p

22 g

4.1cm.

q

18g

3.8cm.

s

24g

4.2cm.

One nipper
missing.

Recently
moulted

t

16g

3.7cm.

Three legs
missing
Possibly
attacked.

u

20g

4.0cm.

Generally, your experiment should be kept simple and deal with
only one variable if possible. To highlight the significant features
of experimental design, the effects of salinity on Redclaw growth
rates will be considered. The aim of the experiment would be : To
investigate the effects of salinity on growth rates. Alternatively,
you could state a relevant hypothesis.
Next, set up a number of aquaria with different salinities; say 0,
10, 20 and 30 parts per thousand. As these animals are normally
found in freshwater, the aquarium without salt is the control. Apart
from the experimental variable (salinity in this case), all aquaria
should have the same treatments. Two to six animals should be
put into each tank, depending on size. If sufficient facilities and
time is available, a replicate set of tanks could be set up. This would
increase confidence in the experimental results. The tanks would
need to be monitored regularly, particularly with respect to
salinity. Regular feeding of the experimental animals is also
necessary.
Data collection
Data should be collected regularly (e.g.. once per week) and
recorded on prepared data sheets. See the example in Table 9.
Presentation of findings

Fig 33 Sample data sheet
Wet Paper

You should present your findings in a scientific report as well as
orally to a selected audience.

The report
1. The report should be based on your own research and include
the following headings :- title, aim or purpose, introduction,
materials and methods, results, discussion of results, conclusion
and references.
2. Material discovered during your background research into the
topic should be included in your introduction and discussion.
You should relate material in the introduction to your
experiment.
3. Results should be expressed in a concise form and need to be
genuine.
4. The discussion should be generated from the results and relate
to other research findings where relevant.
5. In your conclusion the appropriateness of the experimental
design could be considered.
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Fig 34 Aquarium and juvenile red claw (Courtesy Heatley SHS)
Wet Paper

Estuarine chemistry skills
Use your skills from Chapter 13 to
make accurate water analysis and
incorporate these in your report

A comment should also be made about howyour research
findings contribute to the advancement of knowledge in
aquaculture.
6. Some features worth considering are: accuracy, relevancy
and clarity of statements made; neatness and quality of
diagrams, graphs and tables used; in cooperation of
background research findings and; the quality of scientific
prose used (including spelling and grammar). Scientific
reports should be written in third person and past tense.
7. References should be similar to the following example:Smith, J.P., Freshwater Aquaculture. Jacaranda Press. 1989.

The oral presentation
1. The first step is to write a seminar paper which outlines the
background to your research, the experimental findings and
how these relate to the advancement of aquaculture.
2. Relevant visual materials need to be prepared. These may
include overhead transparencies, posters, slides etc. Make
sure that you know how to operate any equipment in
advance of the seminar.
3. The quality of delivery depends on preparation, the
significance of the research findings, voice quality (audibility,
pitch, tone, use of pauses etc.) and the ease with which
equipment is manipulated.
Marine Studies Copyright Wet Paper 2014
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Questions
1. Define Aquaculture.
2. How does modern aquaculture differ from traditional aquaculture?
3. Refer to Fig 1 on page 535. (a) Which three organisms make up most of Australia’s aquaculture production? (b)
i. Graph the total production against the year. ii. Assuming that current trends continue, predict Australia’s
production by the year 2000.iii. Is this prediction likely to be accurate? Explain.
4. (a) State the reasons why aquaculture is a worthwhile enterprise.
(b) Give an example for each reason.
5. List the major features of
(a) extensive aquaculture systems.
(b) intensive aquaculture systems.
6. What are the major advantages and disadvantages of
(a) intensive aquaculture.
(b) extensive aquaculture.
7. Distilled water will not support life. Explain why.
8. During summer culture animals are more likely to die due to lack of oxygen. Why?
9. Overfeeding is the most common cause of death among aquarium fish. Outline the series of events that lead to the
deaths.
10. If the pH rose above the desired level in a culture pond, how would you reduce it?
11. State three methods used to remove toxic wastes such as ammonia from culture ponds.
12. List the major factors which affect an aquatic animals growth. Select two factors and explain in detail how each
affects growth.
13. The behaviour of an animal can have a significant bearing on its aquaculture potential. Give two examples of this.
14. Organisms should not be subjected to environmental conditions close to their tolerance limits ( i.e.. close to the point
when they start dying). Explain why.
15. Diseased animals are of great concern to the aquaculturalist. Think of as many reasons as you can for this.
16. (a) What features would you look for when selecting brood stock.
(b) How could the brood stock be improved over the years?
17. (a) State the stages in a typical aquaculture operation.
(b) What are the major features of each?
18. If you wished to set up a commercial prawn farm, which government authorities would you need to consult and
why?
19. Predators such as crocodiles, seals, birds and sharks can damage facilities and destroy much stock. State a case
either for or against the removal of such animals.
20. Carp are eaten throughout much of Europe and Asia. These animals can be grown more easily and cheaply than
salmon. The total salmon production far exceeds that of carp in Australia. Why is this so?
21. Outline the procedures involved in raising barramundi from hatching to grow out stage.
22. Growing prawns is much more complex than growing Redclaw and yet prawns are by far the most commonly farmed
crustacean in the world. List as many reasons as you can think of for this.
References
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Content
●

●

Process skills

The structure, area of responsibility, criteria employed and means by which
some government departments or agencies seem to manage the marine environment
The various non-government groups
established with an interest in the wise
use of the marine environment

●

The types of renewable and non-renewable marine resources available to be
managed

●

The types and locations of environments
and fisheries that exist along the coast

●

The ecological relationships that require
managing in a local marine environment
(including catchment areas), and the
potential for deleterious external impacts
upon those environments

●

Understand the conflict arising from the
relationship between community desires to
preserve and use marine systems

●

Understand relationships existing between
management agencies and user groups of
the marine environment

●

Evaluate the reasoning behind management proposals

●

Search out and use some methods of evaluating management proposals

●

Evaluate the demands upon renewable and
non renewable resources in terms of immediate and future requirements

Topics
Management and government
Coastal management
Australian management policies
Case studies
Conservation strategies
Conservation and the environment
Future directions

Skills
●

Draw accurately maps showing management plans of a particular area

●

Colour zones appropriately
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Attitudes
●

An appreciation of the total marine environment in all aspects

●

A feeling of empowerment and responsibility with respect to roles in society and
capacities to effect change

●

A care and concern for the marine environment and a willingness to follow the
rules established by regulatory bodies

●

An awareness of government policies to
deal with predicted greenhouse effects,
the conservation of habitats and the maintenance of the right to coastal areas
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Management and government
Management is a term that is continually changing as new
methods are employed to deal with changing attitudes.
Management of our marine environment has changed
dramatically over the past 20 years as more information is
gained.
The structure, area of responsibility, criteria employed and
means by which some government departments or agencies
seem to manage the marine environment has changed also in
relation to public opinion.

environmental stak
m
eh
fro
ol
t
de
pu
r

s

In

We can think of public opinion in terms of the effects they have
on the laws enacted by parliament. In this chapter, management
largely refers to use of the marine environment and the effects
the input of the environmental stakeholders have. All organisms
that live in the marine environment have a stake in it's
management. Because animals and plants have no voice in this
process, it is left to many conservation groups to enact legislation
for them. Whales are one example, where environmental
legislation now protects them from slaughter. As more is known
about the whale, better legislation can be drafted.

ENVIRONMENTAL
ACT (19..)

GOVERNMENT AUTHORITY

POLICY TO ...........

LOCAL
COUNCILS,
GOVERNMENT
AGENCIES

DEPARTMENT OF
ENVIRONMENT & LAW

ADVICES
OTHER
STAKEHOLDERS

GOVERNOR IN COUNCIL

Fig 1 The structure, area of responsibility, criteria
employed and means by which the Westminster
system of Government seeks to enact
environmental legislation

APPROVAL /
DISAPPROVAL

Wet Paper
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How are governments arranged?
So that management can proceed, governments set up a public
service to enact the management process. The case studies in the
next chapter look at specific examples, however in general the
following occurs in most Australian States.

Activity 1
Find out how your state has arranged its current government department and draw a diagram similar to the one in Figure 2

The stakeholders (taxpayers), elect three levels of government
- Federal, State and Local Council. Selected members of State
and Federal politics form a cabinet and choose a leader depending
on party rules. The selected members are called ministers who
are in charge of a government department. Local shire councils
charge rates and elect a mayor together with a number of
aldermen to administer the affairs of the shire concerned.
Possible structures are shown in Figure 2.

A CITY COUNCIL
ALDERMEN

RATEPAYERS

TOWN CLERK
HEALTH
CHIEF INSPECTOR
BEACH
INSPECTORS
TRAFFIC

WORKS

FINANCE
DEPT.
TOWN
CLERK

CHIEF ENGINEER

BEACH
CLEANING

DESIGN/
WS.&S
PLANNING

SPECIAL
PROJECTS

People who become local councillors or members of parliament
come from all walks of life. Many come from families who
belong to political parties and have deep seated convictions
about certain issues. When elected to power, some politicians
have a varied knowledge of the department they are in charge of,
but usually ministers have been in politics a long time with a
good understanding of the public service and how it assists
governments enact their policies. The major activity of Chapter
20 is a role play and it has been designed to let you become part
of the model presented in Figure 1. You should now read pages
587 to 598 to become familiar with the activity and start
planning for this now as it takes about two weeks to research and
enact.

WORKS

SUPERVISING ENGINEER

SNR. SURVEYOR

TECH. SUPERVISOR
TECH. SUPERVISOR

FORESHORE/COASTAL
WORKS

State or Commonwealth Government
TAXPAYERS
(The stakeholders)

Members of Parliament
Governor in council
Other departments depending on current government policy

ENVIRONMENT DEPARTMENT

Head of department
Sections

Finance

Education

Policy and planning

Other departments depending on
restructuring and union agreements

Enforcement

Fig 2 Framework for a public service department
involved with management and conservation
Wet Paper
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Regional managers

Marine park rangers
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Preview Chapter 20

However let us take a look at coasts and how they are managed
first.

Coastal management
Why should we be concerned about coasts?
As Australia is the biggest island in the world, the coastline is of
great importance to us. The mainland coastline extends for
about 32 000 km. When the many islands are included, the
coastal zone is over 50 000 km. Nearly 5 million people live
within 3 km of the coast, yet, there are also vast lengths where
no one lives at all: 70% of the coastline is uninhabited.

You are the local planner from the Shire
Council at Whale Bay and are a bit confused as to what the best thing would be.
You speak very slowly and are knowledgeable about land use, but you don’t know
much about water in the Bay except that it
is salt. You have never been in a boat, and
are frightened of whales, turtles and anything that is connected with the sea. You
never eat fish and avoid having anything to
do with people who are connected with
fish. You always stand with your hands in
your pockets, speak with an accent, as you
were originally from Europe. You are happy
to see the Shire go ahead so don’t mind
tourists, developers etc. so long as they
follow the rules.

The coast has many varieties of landforms as you have seen in
Chapter 12. There are rocky coasts, with small, limited beaches,
found mostly in Western Australia, southern NSW and Tasmania;
there are extensive beach coasts in Victoria, S.A, and northern
Tasmania. Queensland and NSW are dominated by large barrier
coasts, where the beaches are separated from the mainland by
lagoons or estuaries; and there are also tidal plain coasts of
sediments covered in mangroves and saltmarsh found in northern
NSW and southern Queensland.
The vegetation growing on and behind the coasts range from teatree and mangrove swamps, and spinifex covered dunes, to
rainforest growing from the mountains of north Queensland
down to the sea.

Fig 4 Our environmental legislators
Wet Paper

small barrier coast
large barrier coast
mainland beach coast
rocky coast
tidal plain coast

Fig 5 The coast (After Davis 1977)
Wet Paper
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The world and coasts

Gold Coast Hinterland

Much of the population of the
world live on coasts. Many of
these coasts are increasingly polluted through oil and chemical
spills, and discharges of sewage. Natural hazards affect all
coastal areas, and cyclones, tornadoes and tidal waves continue
to devastate coastal communities. Coastal areas are most at
risk from the predicted sea level
rises associated with the Greenhouse Effect. Oceans are expected to warm and expand over
the next thirty years. Increased
cyclone activity and storm surges
are likely to inundate more coastal
areas, with increased coastal erosion. Kiribati, an island and reef
nation in the Pacific will not exist
next century if the sea rises one
metre! Many of our near neighbours in the Pacific and Southern
Asia are facing inundation and
severe shortages of land and
marine resources, so the Australian government will be under
increasing pressure to relax our
immigration policies and accept
more refugees and migrants.

Sunshine coast

Gold Coast

100

coffs harbour

200

Fig 6 Bar graph of % change in
population in one coastal area (After
Oliver 1991)
Wet Paper
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We have seen that the sea itself supports large beds of seagrasses,
kelp and coral reefs. In the water close to shore, and in the estuaries
and deltas of rivers, numerous molluscs, worms, crustaceans and
fish live. These in turn provide food for hundreds of different birds
and mammals such as dolphins, whales, seals and dugong.
As in all ecosystems, there is a natural balance between the
providers of food and the consumers. The natural coastline manages
itself, conserves its own resources, adapts itself to cope with
changing climate, sea levels and physical upheaval.
People and the coast
Many people use our coastal areas. It appears likely that for over 43
000 years, Aborigines and Torres Strait Islanders have fished,
collected molluscs and other food and lived on the coasts. Chinese
and Malayans visited the northern shores in search of clams and sea
cucumbers long before permanent European settlements. Wrecks of
Portuguese and Dutch ships along the east and western coasts testify
to the explorations of Europeans hundreds of years before James
Cook sailed along the east coast. Today, both inshore and off-shore
waters are the resource for Australia’s important recreational and
commercial fishing industry.
85% of the population live, work and relax along the coast. On any
one hot summer day, there are more than 2 million Australians at the
beach! The tourist industry, much of it based on the Reefs, islands,
beaches and fishing sites has become one of Australia’s biggest
income earners. Tourists want to see coastal wildernesses. Many
Australians wish to see the natural assets on the coast protected and
conserved. Numerous rare and endangered species such as turtles,
whales, dugongs and birds live, feed and breed along the coast.
Significant mineral resources, including sand, oil and gas are found
along the coast and in offshore areas. Coastal estuaries are dredged
for sand and gravel. Ports on the coast are major points of trade and
industry, with coastal settlements the fastest growing in Australia.
For example, between 1979 and 1986, the population of Coffs
Harbour, NSW had a 79% increase, the Gold Coast 55%, the Gold
Coast Hinterland 187%, and the Sunshine Coast 96%. as shown in
Figure 6.
What has happened in Australia?
In Australia, coastal areas have been damaged or cleared to make
way for development of canal estates, housing and transport.
Beaches have been degraded by building occurring too close to the
beach. Many beaches are now too steep and lack good sand deposits
because of changes to stream catchment areas depriving the coasts
of sediment or because of the construction of piers and groynes
which trap sand somewhere else along the coast. Boat marinas,
reclamation of wetlands for port and industrial areas, pollution of
coastal waters through sewage, chemicals and plastics have caused
Marine Studies Copyright Wet Paper 2014

Activity 2 Research questions
1. Use an atlas to check the following:
a) Looking at a physical map of Australia, how many islands are named
around Australia?
b) What are the origins of such names
as Tasmania, Groote Eylandt, Van
Diemen Gulf, Bonoparte Archipelago, Cape Leveque? What do
they tell you about the early sea
exploration of Australia?
c) Which capital cities are on the
coast?
d) Which is the only river system which
does not flow into the sea?
2. You may need to check a population map now: which specific areas
of our coastline are not populated?
Which state has the least population along the coast? (You may like
to check your answer with these
figures: Population within the
coastal zone in Qld is 72%, NSW
76%, Victoria 79%, SA 85%, WA
79%, Tasmania 94%).
3. Of all the challenges to our coastlines, which do you think has the
potential to do the most harm ?
Why?
Mountainous- - - - - Flat
Spectacular- - - - -

Unspectacular

Impressive - - - - -

Unimpressive

Big

Small

-----

Distant views - - - -

No views

Complex - - - - -

Simple

Varied - - - - -

Monotonous

many changes to the marine ecosystems. There is only one river
(the Maroochy in Queensland) between Newcastle, NSW and
Fraser Island in Central Queensland which has not been
engineered, straightened or altered!
The need for coastal management
Continuing demands on coastal resources require careful and on
going management and control. How for example, does anyone
in Queensland work out which of the current thirty-eight coastal
development proposals for the Whitsunday area should proceed?
Coasts are open to much more exploitation of species than would
be expected in a land area. You would not expect to go on a
picnic on land and then hunt and kill a koala or wallaby for a
lunch BBQ.
Yet, along our shores, people expect to take shellfish and fish and all these species are natives to the area. Marine organisms
need a comparative level of protection to land areas and species.
Activity 3 How do you feel?
The time has come in this course for you to think about attitudes
seriously. You have been doing Marine Studies now for almost
two years (if you started at Chapter 1) and have never been
challenged about your attitudes. The exercise that follows does
this as do others in this chapter.
Look at the statements Figure 7. It is a word scale table about
coasts. Tick the space which represents how you feel .
Then compare your answers with your class mates. Are there
many differences?
Try doing the same Word Scale exercise while you look at the
pictures in Chapter 12 (Figures 2 and 3).

Mysterious - - - - - Obvious

Are your own answers different from the first response?

Rugged - - - - -

Smooth

Bright - - - - -

Dull

Do you think that Australians recognise the importance of the
coast as a special habitat, as a place to live, as a place to visit,
or as a place to extract minerals, sand and fish?

Orderly - - - - -

Chaotic

Colourful - - - - -Colourless
Vegetation cover high- - - - -No cover
Tranquil - - - - -

Disturbed

Natural - - - - -

Artificial

Idyllic - - - - -Degraded
Clean - - - - - Polluted
Empty - - - - - Crowded
Exciting - - - - -Boring
Fig 7

Read these statements over in Figure 8 and mark your response
to each by ticking it if you agree, and crossing if you disagree..
What are your values?
Each of these statements has a value, or a belief implicit in it.
We expect to be able to do things at the beach; we expect others
to behave in certain ways.
And, we would challenge anyone, especially “the government”
if this freedom to do certain things was removed.

Statements about how you feel

Wet Paper
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Values Study: Am I a person who...?
... expects to slide down bare high dunes

... likes to get to isolated places easily and cheaply

... catch lots of fish and sell some privately

... expects to park the car close to the beach

... have access to the beach without being charged a
fee

... likes parks and changing sheds close to the beach

... collect what I like from the beach and foreshores
... view the coastline from a lookout

... collects cans and bottles from the beach and takes
them to recycling bins

... walk over rocky pools at low tide
... likes to visit rocky areas to watch birds nesting
... likes to have safety nets or enclosures at swimming beaches
... at surf beaches, likes board riders and surfers
separated
... buys and consumes food and drink at the beach

If people have different
values from each other,
and from the government
which they elect, there
could be real conflicts as to
how coastal areas should
be preserved or developed.

... wants clean water, clean sand, no litter
... puts litter in bins provided

... take my dog on the beach

Fig 8 Am I a person who...?

... expects to have life-savers guarding the beach

... enjoys playing tape recorders and radios on the
beach
... does not want to be surrounded by lots of noisy
people
... is in favour of nude beaches
... likes fishing in estuaries and bays

Activity 4 Beach values
The following is a list of values about the coast: Read them through and
see if they represent what you value about the coast.
1. Going to the beach is everyone’s right.
2. The coast provides so many resources that there is enough for
everyone.
3. Water is ‘common’ property and belongs to everyone.
4. The government and the local authority have a duty to tidy things up.
5. We should all save water, clean up litter and avoid pollution, but
everyone has to do it.
6. Freedom of action is my right, so long as it doesn’t harm anyone.
7. If you have to pay to go anywhere like the beach, then that is
penalising the poor, and it makes the beach elitist and for the rich.
8. I know what to do to conserve the coasts so I can’t be doing any harm.
9. Beauty is in the eye of the beholder - everyone likes different things.
....Do you wish to add any more?
Dilemma exercise
Look again at Figure 2 in Chapter 12 which shows NSW Coastal dune
systems. Suppose someone located what appears to be an Aboriginal
midden - an old feasting place on one of the dunes close to the beach.
Lots of shell remnants indicate the site. The site is reported to the local
Shire Council who then has to decide what to do: If the midden is fenced
off from public access, and a notice put up saying “Keep Off” the site
is quite likely to be vandalised. If nothing is done to identify the site,
other people may destroy it by running over it, or digging it up. So what
do you think should happen?
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There is both world wide and Australian concern that our
coastal environments are being placed at risk by what we are
doing. It is too easy to say “Oh we have lots of empty spaces,
lots of our coasts are not even used, and nature will take care
of itself”. Resource management is now accepted as essential,
if we are to retain the benefits the coasts bring, and yet still
leave the coasts in excellent condition for future generations.
We have an ethical obligation to preserve natural areas and
this requires action right at the start of the planning process.
Preservation, keeping coasts in a good state, requires
understanding of the environment as well as commitment to
the ideas of conservation.
Conservation is the process whereby preservation is
achieved, and involves management of the resources so that
use by people is not incompatible with the long term future
of the environment.

Activity 5
1. Draw a diagram to show this
process.
2. What is the difference between management and
strategy ?
3. Think back to the values we
looked at. How would different values and ideas affect a
person’s ability to make an
informed, unbiassed decision?

This planning process requires:
1. The identification of goals and objectives
2. The initiation of research leading to proper understanding
of the relevant issues
3. The identification and evaluation of alternative strategies
for achieving the objectives
4. The selection and implementation of a particular strategy
5. Monitoring of the results; this may then lead to further
modification of the plan to take into account changing
demands and values.
This is management! Is it also conservation?
Does Australia have a coastal management
policy?
We now know that what we do in one area of the coast is most
likely to affect others in other states. We know that discharges
into the ocean will flow elsewhere. We are beginning to
realise that the different ecosystems of the coast - the wetlands
and estuaries, the sand dunes and beaches, the rocky shores
and cliffs all provide different habitats, and all vary in their
ability to cope with the demands we humans put on them. We
would thus expect one Australian resource management
policy, possibly with uniform controls over all our coasts.
But that is not the case!
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The information on this page needs
to be updated - you can update the
information by visiting your State's
governments's environment
management page.

Management at present is divided between three levels of
government. In each State, at least one agency is responsible for
parts of coastal management. No one agency has control over
the development and land use over the coastal zone. The
Commonwealth is involved because of defence, transport,
national heritage, historic shipwrecks, national relief assistance,
and environmental legislation. International controls operate
too - Australia has signed agreements affecting research, bird
migration, ozone depletion, ocean dumping, and drift net fishing.
The Queensland Department of Environment and Heritage has
identified fifty acts of legislation which have to be considered
in whole or part when reviewing development proposals for the
coast in just that one state.
What happens in each State?
Western Australia
‘The Coastal Management Co-ordinating Committee plans and
manages the coastline, co-ordinating government agencies and
local authorities. Coastal Management Plans are prepared and
may relate to specific sites or local authorities. A Planning
Schemes Manual (Draft) provides advice and assistance for
planners. WA has several well known marine protected areas,
including Shark Bay, Marrmion and Ningaloo.
South Australia

Fig 9 Western Australia MPA (Courtesy
CALM WA)
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A Coastal Protection Board protects and manages coastal
resources using local government authorities. There are a
number of special studies underway, including the assessment of
impacts of use of coastal national parks for recreation,
developments in flood-prone and mangrove wetlands, and
pollution of coastal areas. Two new policy documents are now
undergoing consultation, and specifically address flooding, sea
level rises and protection measures. Most attention at present is
focussed on the development of the Multi-Function Polis on
tidal wetlands and mangroves close to Adelaide.
Northern Territory
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Fig 10 Northern Territory proposals (Source
MESA Newsletter - M. Michie)
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A Coastal Management Committee co-ordinates management
through representatives of government agencies. The Committee
is advised by a technical group of coastal management experts.
All developments are subject to the Coastal Management Policy
and specific Coastal Management Plans. With its extensive and
diverse coastline, and lack of large population centres, NT is
considered to have fewer development problems along its coasts.
However, the very isolation of many of it's small river estuaries
and bays has caused increasing concern because of the growing
illegal export trade in Australian wildlife, the importing of
drugs, and the number of boats bringing people without entry
permits into Northern Australia from South East Asia.
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Queensland
Coastal planning for much of the coast has been controlled by local governments, assisted by the Beach Protection Authority. Numerous other government departments
have to be consulted for development approvals. In 1991,
the Department of Environment and Heritage published a
Green Paper on Coastal Protection Strategy, and once
public consultation is complete, many of its provisions are
expected to become law and impose some type of overall
policy of coastal management and protection while allowing local government authorities to proceed with developments.

Great Barrier
Reef Marine
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Rockhampton
Frazer Is

BRISBANE
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The Great Barrier Reef Marine Park Authority, a federal
body, oversees the Great Barrier Reef Marine Park stretching some 2000km along Queensland’s coast. Queensland
itself provides day to day management of the world’s
biggest marine park. It's zoning controls and multi-user
regulations are considered amongst the best and most
workable in the world. Further details are provided in the
final chapter. Other marine protected areas have new
management strategy plans operating or in draft form.

New South Wales
In 1988, the new Liberal government decided there was so much fragmentation of decision making on coastal matters that no sustainable development was possible. Local Government Councils were required to make
decisions without the benefit of trained personnel and many were demanding assistance.
The Coastal Committee of NSW was established to bring together advice
from government agencies and local government organisations .
Conservation groups, scientists and engineers all assisted in devising a new
set of guidelines and policies, and these are now being implemented. A
Coastal Management Manual has been prepared to assist those involved
.
Victoria
Over 90% of Victoria’s coastline of 2000km is in public ownership, one third of which is
National and State Parks, and another third directly managed by the Department of
Conservation and Environment. Most of the pressure for development is focussed on
the remaining third. This area is managed by local authorities or independent elected
committees of management. A Coastal Policy is co-ordinated by the Natural Resources
and Environment Committee of Cabinet, and a centralised Management and Coordination Committee advises the Minister for Conservation and Environment. Some
specific coastal areas, such as Port Philip and Corio Bays, have draft plans in operation.

The new Environmental Conservation Strategy is being implemented. The management of the coast is split between
various planning agencies and local government councils. Tasmania wants more Commonwealth action to establish
a National Centre for Coastal Zone Management and more encouragement of an integrated management approach.

The information on this page
needs to be updated - you can
update the information by visiting
your State's governments's
environment management
page.
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As you can see, each State deals with the problems of coordinating and regulating the coastal zone in different ways.
There is a growing trend towards control over what local
Councils are doing about developers, especially as some Councils
may have elected members who are directly involved in real
estate.
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Activity 6 Case studies
Consider the following case studies, all of which have occurred in Australia in the past year or so. Each could form the
basis of a separate problem solving exercise or class discussion. First, state the problem in each case.
Then decide: If you were the Local Government Council involved, how would you have proceeded? Again, if you were
the State ‘Co-ordination” Committee, how do you think the situation would have been resolved? Finally, suggest a
solution or alternative which would reduce the impact on the coastal environment.( You may need to consult newspaper
files for more details.)
1. The fishing people in Tasmania are demanding compensation for their fishing catch as it has been condemned for
sale several times between 1990-91 with high levels of mercury. The estuary of the River Derwent, downstream
from Hobart, is suspected as the source of the mercury. Who should pay the compensation, if any?
2. Early in 1990, oyster sales from the oyster beds in the Hawkesbury River, north of Sydney, were stopped because
of contamination of the oysters by sewage discharged from nearby settlements. Who should pay for the water to
be cleaned up?
3. The fish on Brewer Reef off Townsville got so used to being hand fed by tourists visiting the Floating Hotel that they
still hang round waiting, over a year after the hotel has been removed. If fish become so conditioned to humans,
should fish feeding by tourists in Queensland, and the rest of Australia, be banned?
4. Two Taiwanese trawlers were apprehended off the Reef and bought into Cairns (Queensland) Harbour to face
charges relating to their large, illegal catches of clam meat and trochus shell. Local fishing people and tourist
operators are furious as they know more trawlers are getting away without being caught. They are demanding more
patrol boats, more surveillance. Residents and conservationists are most concerned at a new proposal to increase
the number of radar facilities which would assist in the surveillance of such boats, but these often have to be put
on headlands in sensitive coastal National Parks. What should happen?
5. In November and December 1991, a toxic algal bloom extended through the Murray-Darling system, threatening
the fish and scollop industries of the lower Murray River in South Australia, and the stock and townships all the way
down river who used the Darling and its tributaries as drinking supplies. The algae was blamed on the increase
in nutrient levels coming from sewage discharges from over 140 sewage works, and run off of fertilizers from farms
along the river in Queensland and NSW. Flood rains in mid-December flushed much of the system, but the farmers
want to know: Who pays for the drinking water they had to buy when they and their stock could not use the river
water ? Will the bloom occur again?
6. In July 1991, a Greek oil tanker, “Kirki’, spilled more than 23 million litres of crude oil into the ocean off Western
Australia, threatening the spectacular reef system and the local island and mainland beaches, sea birds, fish and
seals. A massive clean up operation involving chemicals, booms, and physically picking up the oil only succeeded
because of unusually calm conditions. How can such environmental disasters be avoided?
7. Late in 1991, the Commonwealth announced that, to booster the economy and employment situation, it was ‘fasttracking’ the proposed extensions to Sydney airport and that the third runway would be built into Botany Bay without
waiting for the results of the environmental impact assessment. The runway will intrude into wetlands and the last
remaining area of undisturbed land in Botany Bay.
8. Magnetic Island, off Townsville in Queensland is the site at Nelly Bay of an abandoned multi-million ‘reef city’ of
hotels, residences, and shops. The company involved (Interwest Holiday Group, financed by Tricontinental, and
the State Bank of Victoria) was given approval to clear a headland, bury a famous beach and reef, and blast rock.
Half way through the project, following long and costly legal proceedings by local conservationists, the company
and its financiers collapsed. The promised bond of $20 million to rehabilitate the land was not lodged with the Great
Barrier Reef Marine Park Authority in whose area the development had been given permission to proceed. Who
should now be responsible for returning the area to its once pristine state?
All of these cases require compromise, discussion, agreement between competing users and those concerned with
management and preservation of the coast if any reasonable solution is to be found.
Obviously, one overall policy would greatly assist in the better preservation and use of our coastlines. Such a policy needs
certain guidelines, or accepted principles to make it appropriate.
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Conservation strategies
The ‘One Management’ strategy
The philosophy behind modern conservation strategies is based on
the concept of ‘ecologically sustainable development’- to both protect
and utilise the coast in such a way as to achieve optimum long term
community benefit.
One State Government’s Green Paper on Coastal Management has
developed a draft set of principles as follows:
“Inter-generational equity”
The current generation’s decisions should not leave an impoverished
coast and surrounding sea for the next generation.
“Natural resources valued appropriately”
We assume that the use of many environmental assets such as clean
water, productive mangrove forests and the aesthetic qualities of
coral reefs and beaches to be free.
Others, such as fish stocks, minerals and gravel may be undervalued.
Under pricing of resources contributes significantly to inefficient
resource use and environmental degradation. To ensure that balanced
decisions can be made, the costs and prices of these resources should
reflect their real value to society.
“Dealing cautiously with uncertainty”
The complexity of natural ecosystems means the environmental
impact of our actions is seldom predictable, and may not be visible for
years. The link between cause and effect may be unclear. Where
there is uncertainty or a lack of knowledge about the possible long
term effects of a proposed development, any decision should lead
towards the side of caution.
"Taking a global perspective”
Whatever we do in Australia may affect human welfare in another.
The global perspective also acknowledges that because many of the
world’s resources are finite, degradation or loss of such resources
affect all people. The same ocean flows past millions. Decisions
about the use of coastal resources should be consistent with ecological
sustainability on a global scale.
General objectives of conservation
Management of the coasts should also be consistent with the proposed
broad objectives of the conservation strategies now adopted by many
States.
The Commonwealth has also adopted a national strategy for the
conservation of species and habitats threatened with extinction.
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These general principles are:
“To maintain essential ecological processes and life-support
systems;
• Wet land and coastal ecosystems play a major role in nutrient
cycling and regeneration, water purification, and carbon
fixation and cycling. Continued functioning of such processes
must be assured.
• To conserve the existing range of genetic diversity of all
indigenous species in their natural habitat. Particular attention
should be paid to the mangrove forests (40% of which are
found in Queensland), as these are of international significance.
• To ensure the sustainable usage of species and ecosystems
recognizing that fisheries and wet land pastures can provide
benefits indefinitely if they are managed in a sustainable way.
• To maintain and enhance the natural environmental qualities
of Australia’s beaches, coral reefs and clear waters to provide
for society’s non-material needs.”

Coastal areas
The States have control from the limit of territorial waters up to
one kilometre inland from the Highest Astronomical Tide
(H.A.T.) limit along the open coast and in estuaries. Tidal rivers
and their adjacent lands extending up to 400m from H.A.T. are
included.

Questions for discussion
1. Should coastal protection
strategies be confined to just
the Active Coastal Area? Why
or why not?
2. Why is catchment management so essential in situations
like the toxic algal bloom of
the Murray-Darling system?
3. As Queensland is undergoing detailed review of its
coastal conservation strategies, it provides a useful study
of what one State is considering.
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The catchment are of coastal rivers and streams is the source of
the water and sediments and hence plays an important part in the
formation and maintenance of coastal land forms and ecosystems.
Some States now impose strong controls over what occurs
within the water collection areas, especially as run off of soil,
manure, fertilisers and chemicals cause major pollution problems
down stream. Land care and greening Australia projects are
major government initiatives to assist in catchment management.
Active coastal area
The active coastal area with its beaches, wet lands and estuaries
attract recreational and commercial activities. The area is
dynamic, with a close link between biological and physical
processes. A detailed understanding of the processes operating
in this zone is required before management can expect to control
human activity.
The marine area of the coast is located between the active coastal
area and the continental shelf and hence extends seawards of
Australian waters. It interacts with the active coastal area by
transmitting waves, tides and currents and by interchanging
nutrients organisms. The area contains many important marine
habitats and includes the Great Barrier Reef region.
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Statement proposed strategy
Development of soundly-based coastal management arrangements is a complex task which must provide for resolution
of conflicting demands put on the coast. Some States management plans focus on ecologically sustainable
development and recognises community needs and values. State and Commonwealth coastal management systems
were reviewed throughout Australia. As a result of earlier consultation in 1989, a management system based on central
control by the State Government was not favoured for some States as it appeared too complex and not able to take into
account local views and issues. Given the large area involved, and the number of local Councils, management solely
at the local level was also considered unworkable. As other States have found, local bodies lacked the necessary
specialised technical expertise or state-wide perspective to make major decisions.
Some zoning systems are more simpler than others: The Great Barrier Reef has six zones, Western Australia has three.
The preferred management strategy combines local responsiveness within a framework of regional and State
requirements. On this basis, a strategy for a coastal management system should provide:
★ Stated objectives for coastal management;
★ guidelines for decision making;
★ delegation of control to the local level subject to broad State and Commonwealth Government requirements,
policies and guidelines;
★ community consultation;
★ protection of key areas of the coast through a state-wide Coastal Protection plan pending development of detailed
regional coastal management plans; and
★ use of existing legislation and organisations as much as possible.
The following objectives were proposed:
★ to conserve and enhance the coast, its native flora and fauna, its heritage places, habitats and natural processes;
★ to allow orderly and environmentally responsible use of the coast having due regard for the long-term community
benefit and natural occurrences such as tropical cyclones, storm surges and floods;
★ to maintain the public’s right of access to the coast and beaches and, where possible, obtain development-free
areas adjacent to beaches and foreshores for public and coastal management purposes; and
★ to ensure policies are in place to deal effectively with the coastal consequences of the ‘Greenhouse effect’.
Management guidelines such as these could provide a general basis for decision making in coastal areas while the
proposed coastal protection plan and the review of the required laws went on together. The regional coastal
management plans are to draw together elements of management guidelines, conservation and community requirements and legislation into a practical package. Data collection would start now, with regional plans developed as longterm projects. Regional plans should be reviewed every five to seven years.

Did these plans meet community demands?
The Queensland
Conservation Council is an example of a
non-government
group established
with an interest in the
wise use of the marine environment

The information on this page
needs to be updated - you can
update the information by visiting
your State's governments's
environment management
page.
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One of the organisations representing many conservation groups, the
Queensland Conservation Council had already put forward its proposals
for sustainable coastal management.
Conservation proposals
1. Increased research. There is a lack of inventories of coastal habitats
which prevent informed decisions being made. Little research has been
done on the long term effects of sand mining, impacts of off-shore
sewage disposal, or of canal estate development or of industrial
outflows (e.g. from sugar mills) over long periods of time.
2. Establish a planned and balanced forward thinking approach
implementing the numerous recommendations from previous studies,
some of which have cost a fortune and whose recommendations have
been ignored by the State government of the time. Community
participation is essential and should be on-going.
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Activity
1. What is the difference between a ‘strategy’ and a
‘plan’?
2. Go through each of the points
from the Conservation Council and suggest why those
points would have been
made.
3. What is meant by the phrase
“ conservation is seen as a
legitimate and significant use
in its own right” ?
4. Are the conservationists’ demands met by the proposed
strategy?
5. What other features do you
think should be included?
6. Do the Draft Queensland
Strategy Objectives and
Guidelines follow the Commonwealth strategy? Should
they?
Note: The Draft Green Paper may
be obtained from the Naturally
Queensland Bookshop at 160 Ann
St Brisbane (free). You could then
review its entire provisions.

3. Establish a better system for setting up coastal reserves.
Priority should be given to completing inventory work in
sensitive areas (coastal dunes, wetlands and rainforest) or
those under threat from proposed developments, so that
conservation is seen as a legitimate and significant use in its
own right. Reserved areas should not be places no one else
wants!
4. Improve impact assessment of proposals, insisting on experts
and trained personnel, so that unsound decisions will be
avoided.
5. Provide advice and expertise to Local Government Authorities
who have to make the final decisions. Regional land use plans
are needed so that all developments are seen in perspective.
Some proposals have to occur, but should not have long term
bad effects on the coastal environment.
Activity 7
Do the objectives allow for the development of a new mineral
resource along the coast? For example, what guidelines would
be applied if a mining company wanted to extract manganese
nodules from the continental shelf outside the Great Barrier Reef
Marine Park?
These objectives and their guidelines take into account many of
the problems affecting coastal areas around Australia. Use this
study to decide the answer to this question: Have the proposed
guidelines and objectives been followed in this proposal?
Activity 8 Ephraim Island
Read carefully the news article in Figure 11 and answer the
following questions.
1. Where is the site? What is the natural environment?
2. What is proposed?
3. Who by? Who are the interested parties? Who is the
intended clientele?
4. How is the theme of a Mediterranean style resort being
implemented?
5. How is the natural environment being protected?
6. How are the draft objectives from the green paper being
followed (as far as you can tell?)
7. Sum up what you consider are the good planning procedures
which have been followed in this proposal.
8. You could investigate your local newspaper files to see if you
can find out about other such proposals in the coastal area near
where you live. Then you could compare!
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Fig 11 News report for activity 8 (Article reproduced courtesy The News Limited)

Conservation of the environment
Marine protected areas
Greenpeace is an example of a
non-government group established with an interest in the wise
use of the marine environment

The information on this page
needs to be updated - you can
update the information by visiting
your State's governments's
environment management
page.
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In response to demands from the Australian Committee of the
International Union for the Conservation of Nature (IUCN)
Marine Protected Areas have been established in all states,
territories and some off-shore territories. By September 1991,
Australia had 173 Marine Protected Areas (MEPAS), covering
over 39 million hectares, including aquatic reserves, fish habitat
reserves, fish sanctuaries, wetland reserves, marine parks and
marine reserves. However, if the Great Barrier Reef Marine
Park is excluded, only 0.57% of the whole coastal zone is
included in a MEPA so there is still a lot of protection to be done.
MEPAS mean that regulations controlling what happens in the
area are set down by law. Policing these laws is usually the
responsibility of either State Rangers or Conservation Officers,
Fisheries Officers, or in some cases, local authority rangers.
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A Conference of various interested bodies in Canberra late in 1991,
agreed that a Coastal Management Strategy should be developed for
all Australian waters and coasts.

In Southern Tasmania, where more
than half of the rubbish collected on
beaches is plastic, a concerted effort
was made by the Tasmanian
Department of Parks, Wildlife and
Heritage. Finding that one of the
main plastics was the blue strapping
used around bait boxes, Education
Officer Ms Janet Slater, approached
the local fishing operators to see if
they could take more care with the
safe disposal of the blue bands. The
bands were stapled in a ring, and
usually blew off the decks into the
sea. As the plastic did not
decompose in seawater, the rings
often got caught around seals or
large fish, eventually causing
starvation or strangulation as the
animal grew bigger and the plastic
tightened. Janet next designed an
alternative cardboard bait box which
did not require the plastic binding to
keep the lid on. She took her design
to
the
local
cardboard
manufacturers, who used it to bring
out a new box. The design was so
successful that the inner plastic bag
could also be eliminated, thus
removing another source of marine
pollution. The design is now being
marketed all through southern
Australia, and it is hoped that it will
be used in overseas fishing areas
too.
Further details of the Marine
Debris Science Project may be
obtained by writing to Tas.D.P.W.H,
in Hobart.

Greenpeace, the international conservation campaign body launched
an Australian ‘ Adopt a Beach’ campaign in 1990, in an effort to get
local residents taking responsibility for cleaning up their own
beaches, and to collect, sort and record the types and amounts of
rubbish picked up. This data would then be added to the world wide
data bank, and appropriate measures taken to eliminate or reduce the
dominant types of rubbish. Groups have been set up all around
Australia, many working with local councils, and everyday, a bunch
of locals, school children, pensioners or visitors can be found
somewhere, picking up plastic, straws, containers, fishing lines,
bottles, cans and tyres.

Protecting the coast by law
The Third United Nations Conference on the Law of the Sea in 1982
gave Australia the entitlement to one of the largest exclusive ocean
economic zones in the world. The boundary of Australia’s fishing
zone extends to 200 nautical miles (370 km) from the shore, giving
a fishing zone of 9 million square kilometres. This is larger than
Australia itself! Within this Zone, we are entitled to use or protect
all the resources, and to prevent other nations from using them
unless a specific arrangement is made. In fact, as much of our
waters within this Zone are not rich in nutrients, Australian fish
stocks are low and the industry small by world standards ( about
sixtieth in terms of annual catch).

The Australian Fishing Zone
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Fig 12 Australian fishing zone
Wet Paper

580 Chapter 19 Management and conservation

Protected Zone
(Australia and New Guinea)

Macquarie Island
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Activity 9
1. Why are MEPAs necessary?
Where is your closest one? What is it protecting? Read these two Reports relating to MEPAs
Green Island off Cairns in North Queensland was the first Marine Protected Area. In the 1940s, its reef
and cay were in excellent condition, and a small resort catered for the overnight visitors who boated out
from Cairns. However, as demand from tourists increased, sewage from the Island was discharged over
the reef flat. The increase in nutrients provided by the sewage encouraged the growth of seagrasses and
algae around the Island. The natural flow of water and sand around the Island also moved sand and coral
rubble, and gradually, the living reef around the island has disappeared. Vast areas of algae now cover
the old coral, and the whole reef eco-system has changed. Only in the past ten years has the sewage
outflow been controlled, and as yet, the coral has been slow to recover. A Management Plan to control
extensions to the resort, upgrading of the jetty and the rebuilding of an underwater aquarium is now
operating, but some scientists in the Great Barrier Reef Marine Authority consider the Island may never
regain its former coral environment.
Port Noarlunga in South Australia is an Aquatic Reserve, where it is forbidden to remove shell, rock, coral,
sponge and plant material from the water or foreshore. No fishing is permitted within 25m of the reef, which
has interesting rock formations, soft corals and numerous other marine life. Fishing with a rod is permitted
in other parts of the reserve. Close by, major pipelines discharge stormwater from nearby small townships.
Most of the houses are not connected to the sewer, so effluent from septic tanks often trickles into the
gutters and local drains. When it rains, this effluent is washed into the sea through the stormwater drains.
Local divers and tourists are reporting that the marine life around the reef in the Reserve is changing, with
far more sea grass and algal growth. This is possibly due to the increased supplies of phosphorus and
other nutrients just as at Green Island. The local Shire Council knows what is happening, but feels it can
do little as the existing sewerage plant, operated by the Council could not handle any more sewage.
In both these cases, MEPAs are threatened. Management plans may be in place, and strict regulations
operating, but the environment is still suffering. Both need long term solutions: What would you suggest?

2. Think globally, act locally - adopt a Beach
Contact your local Greenpeace office (Use the phone book) and find out if the ‘Adopt a Beach ‘Campaign
operates in your area. A local co-ordinator will provide kits for recording rubbish, and suggest how to
dispose of the rubbish safely. Then do a clean up! If you have no local group, perhaps your school can
start one, using parents to help with moving the rubbish to the tip or recycling objects like bottles and cans.
Why should community groups be involved in campaigns such as this? Do you know of any other local
campaign? How can individual actions be incorporated into Coastal Management and Conservation
Plans?

Another international Treaty for the Protection of Migratory
birds between Australia and the People’s Republic of China has
implications for management of our coasts. More than eighty
species of birds migrate between China and Australia every
year, some flying for more than 6000km. These include the
Arctic Jaeger, Oriental Cuckoo, Short-tailed shearwater, Bartailed godwit, the Grey-tailed Tattler, Red-necked Stint, and
several Terns. Both countries have agreed to protect the birds
and their habitat, to increase research and to enact special
conservation measures. Banding of birds in both countries is
Marine Studies Copyright Wet Paper 2014
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Activity 10
1. Research the areas of exploration
for oil and gas in offshore Australia.
Why would such exploration be a
cause of concern for conservationists?
2. Prawns from Northern Australia and
tuna from Southern Australia are
two of our most important exports of
fish products. Research the location of the sites, the methods of
production and the export markets
of the products. Why are both facing strong competition from East
Asian producers? ( Your State Department of Fisheries should be able
to help)
3. The Customs Act is also administered by the Federal Department of
PIE. This act prohibits imports of
endangered animal and plant products from all over the world. You
cannot bring into Australia products
made from crocodile skin, snake
skin, whales or turtles as all of these
are on the endangered species list.
Some of these animals are now
raised commercially in ‘farms’ .
Research the development of the
crocodile farm industry in Australia.
How would such farms assist the
conservation of crocodiles in the
wild?
(Extra Resources may be obtained
from the Australian Museum in Sydney, the CSIRO in each capital city,
and from magazines such as Geo
and Australian National Geographic)
Other sources of information
Department of Conservation or Environment in your State. Department of
Fisheries in your State; Fish Management Authority, Queensland Beach Protection Authority, Great Barrier Reef
Marine Park Authority, Gould League of
Victoria for books, posters, NSW Gould
League for books and posters, Queensland Gould League for publications from
Victoria and NSW, Department for the
Arts, Sport, Environment, Tourism and
Territories, Canberra; especially re
Greenhouse effect, Australian National
Parks and Wildlife Service, IUCN Australian Committee, GPO Box 528, Sydney 2001
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continuing and in the first two years, over 20 000 waders were
banded in Australia. Some of these birds have been sighted in
far western China. The knowledge about the birds and their
migratory patterns can be used as an indicator of the health of the
coastal environment, especially wetland habitats, and to assist
health and agricultural authorities in each country to prevent the
spread of exotic diseases.

Conservation of the sea
MARPOL V is the newest international law affecting
conservation of the sea. Ratified by Australia in November
1990, it prohibits the dumping of plastics and other garbage in
Australian waters. Its supervision is under the Federal Department
of Transport, who is also monitoring the data collected by
organisations such as Greenpeace and the Tasmanian Department
of Parks, Wildlife and Heritage who are actively supporting
clean up campaigns. As the Tasmanian programme has being
operating for nine months before the law came into operation,
data will provide a useful ‘ before and after’ comparison of its
effectiveness.
The very fact that the Department of Transport has to control
MARPOL is an indication of the somewhat restricted powers of
the Commonwealth government as far as coastal protection is
concerned.
The nature of our Constitution makes it difficult for the
Commonwealth to actually interfere in many environmental
issues, especially on pollution and land use planning. When it
has been called in, long involved High Court legal battles are
often the result. Examples of this include the Franklin Dam,
North Queensland World Heritage Forest nomination, and
sandmining conflicts in NSW and Queensland. However, the
Commonwealth does control the seas up to 3 nautical miles from
the coast, and it can set up special statutory authorities to
administer legislation. These include The Great Barrier Reef
Marine Park Authority which administers the Reef. (See chapter
20).
The Federal Department of Primary Industries and Energy is
also involved in coastal issues, and it controls potentially
contentious issues such as energy conservation and exports of
woodchips. It controls the Fisheries Act, which is crucial for
planning and conservation of offshore fisheries such as the
prawn fisheries and bluefin tuna, two large export resources.
The Soil Conservation Act ( for reversing land degradation), the
Petroleum (Submerged Lands) Act, (which governs exploration
for natural gas and oil in offshore areas) and the Agriculture and
Vetinary Chemicals Act (which approves the use of certain
chemicals), all impact upon the coastal zone.
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Activity 11 Learn the zones
1. Make a copy of Fig 13 page 584.
2. Use the colours and map on Page
65 to make a colour map of the
Keppel Island Group.
3. Make sure you colour accurately
the following zones
● General use A
● General use B
● Marine Park A
● Marine Park B
● Scientific research Zone
● Preservation Zone
● Seasonal closure areas

Future directions in conservation and
management
Far tighter regulations relating to the coast appear to be coming into
force in the next few years. The Commonwealth is committed to
spending funds on a co-ordinated coastal strategy, and has set up
Ocean 2000 project.
There is a greater sense of accountability for damage or potential
damage. Legislation in many states now makes the directors of
public companies personally liable for illegal pollution by their
companies. If materials are illegally discharged to the sewer or
through pipes into the sea, and the company is found responsible,
State Courts can order that the executives themselves be fined,
imprisoned and required to pay the clean up costs. The trouble is,
some of the discharges are permitted under permits or licences and
these are the hardest to police!
More and more companies are employing legal advisers to act as
environmental officers when new projects are being planned.
Environmental audits are being done by lawyers and independent
environmental consultants, so that companies can check whether or
not they are following the complex laws relating to toxics, chemicals,
and air and water pollution which have been set down by both State
and Federal Parliaments. Older companies are sometimes given
more time in which to build better plants to control pollution, but
increasingly both local authorities and state governments are
clamping down on continuous pollution of water, air and soil.

Example only

Several States, including Victoria and NSW now have Environmental
Protection Agencies, following the United States models and these
impose very strict regulations on pollution. Other States such as
Queensland are considering setting up such agencies as well as a
‘Superfund’ which is used as a source of money to pay for clean ups.

Conclusion

Reference books
Our Common Future, Australian Edition;
Our Natural Legacy (Recher et al)
Our Biosphere
World Water and Environment (Sale)

Coastal management is beginning to be far more regulated than in
the past. There appears to be a general move to empower the local
decision makers - the local government authorities (usually Shire
Councils) with more information and staff to help them make the
difficult decisions relating to the Coast. There are always going to
be differences of opinion as to what is best for our coastlines. There
are always going to be costs.
Looking after the environment always requires a mixture of ethics
- we know we need to do it - and self preservation - why should we
stick our necks out about this management policy if no one else will?
But, we now know basically what we have to do about our coasts.
We just have to encourage everyone to do it!
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A simulation game
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Content

Process skills

●

The various non-government groups
established with an interest in the wise
use of the marine environment

●

Understand the conflict arising from the
relationship between community desires to
preserve and use marine systems

●

The types of renewable and non-renewable marine resources available to be
managed

●

Understand relationships existing between
management agencies and user groups of
the marine environment

●

The types and locations of environments
and fisheries that exist along the coast

●

Evaluate the reasoning behind management proposals

●

The ecological relationships that require
managing in a local marine environment
(including catchment areas), and the
potential for deleterious external impacts
upon those environments

●

Search out and use some methods of evaluating management proposals

●

Evaluate the demands upon renewable and
non renewable resources in terms of immediate and future requirements

Topics
Objectives
Procedures
Roles
The Problem
Whale Bay Map and Instructions

Skills

Attitudes

●

Draw accurately maps showing management plans of a particular area

●

An appreciation of the total marine environment in all aspects

●

Colour zones appropriately

●

●

Make clothing or props suitable for a
management role play game

A feeling of empowerment and responsibility with respect to roles in society and
capacities to effect change

●

Use appropriate equipment associated
with presenting a report on the management and conservation of an appropriate area

●

A care and concern for the marine environment and a willingness to follow the
rules established by regulatory bodies

●

An awareness of government policies to
deal with predicted greenhouse effects,
the conservation of habitats and the maintenance of the right to coastal areas

●

Draw charts or protest banners appropriate to increasing public awareness to
a conservation and management issue

586 Chapter 20 Whale Bay
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Whale bay
Notes from the publisher

A simulation role pay game to answer the question - Should
Whale Bay have a MEPA?

The name of the game

Objectives

If dolphins, seals, penguins or other
marine mammals are more appropriate, then use these.

Teachers should be able to
• provide students with opportunities to apply some of the
principles of management and conservation;
• enable them to use decision making procedures;
• enable active participation using roles not necessarily familiar
to them;
• further develop group and communication skills;
• provide a further enjoyable experience as part of their learning
programme on coasts.
• appreciate the need for conciliation, conflict resolution,
debate and informed discussion over planning issues.

Why the game
This is the end of the course. Hopefully you have the knowledge about
boating, diving, marine biology, oceanography, conservation and management to play the game.
It is open ended to a large degree to
give groups the freedom to modify the
characters and events to suit the local
issues.
The zones
Qld schools should use the colour
zones as outlined on Page 584.
● Schools in NT and WA should use
● General use zone
● Sanctuary zone
● Recreation zone
● Spearfishing exclusion zone
Schools in Vic, , Tas, NSW and SA
should consult their MEPA plan as
outlined by State Government Departments
The key issues
Each local area has key issues. A
Dugong seagrass bed, local mangroves, a coral reef or an endangered
species of bird or turtle. Identify your
local issues and highlight them in the
game.
Have fun, but more importantly apply
what you have learnt.
Bob Moffatt
January 3 1992
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What you need
• A large room, preferably with notice boards or walls suitable
for displaying maps, posters etc.
This room will be used for the final presentation, so needs a desk
in front, with an OHP, some other desks at the front for reporters
and secretary, and then chairs arranged for the rest of the players
in rows as in a public hall.
• The roles. (Pages 590 - 596)
• Sheet B Instructions (Page 597)
• Copies of Sheet C, information sheet and Map. (Page 598)
• Reference books or leaflets on whales, dive sites, coral reefs,
tourism, should be available. Suitable ones are obtainable
from your State Department of Environment or equivalent,
(including Annual Reports); Commercial Fishing
organisations (the States’ organisations publish their own
Journal and supply back copies for schools); Great Barrier
Reef Marine Park Authority in Townsville, Queensland, (e.g.
Reef Notes: ‘Whales’, ‘Coral Reefs’, ‘Dugong’, ‘Fishing’;)
and libraries, including municipal (for books on mangroves,
dugong, whales, fishing methods etc.)
• Supplies of OHP transparencies, pens; felt pens and butcher
or other large sheets of paper.
• Players may wish to appear in appropriate dress for their
roles, and as this is certainly part of the fun, it should be
permitted if possible.
• Outside personnel may be used for information briefing - for
example, a planner, a conservationist, or local whale or
wildlife expert; other teachers may also have expertise which
is useful and can be called in as consultants.
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Time required
To organise, prepare, plan, brief, deliver, debrief and evaluate,
the game takes about two weeks. However it can be shortened
as follow:• Lesson 1: for role draw, briefing, sorting out of groups, and
initial research.
• Lesson 2: Continuing research, display of posters and
advertisements, preparation of roles and sorting out sequence
of appearance.
• Lesson 3, 4: If a double is available, this is useful. Presentation
of Game.
• Lesson 5: Voting. Summary by Chairperson. De-briefing
by teacher.
This type of game also works very well at camps or at the end
of the course, and could be used as a total theme - the students
‘play’ their roles in costume for days and nights rather than
merely in the lesson time. Outside experts can also be brought in,
and sites visited to give a sense of reality. The presentation then
becomes a major item of programming and can take several
hours!
Procedures
The number of roles needs to be adjusted for the number of
students. If a smaller group is playing, then the teacher should
make a selection of which roles to omit. If more students are
playing than the available roles, it should be possible to duplicate
some roles without affecting the objectives or outcome of the
game. Roles most easily and usefully duplicated or removed are
indicated.
The role cards (Sheet A)
These need to be copied onto cards or paper, then placed in a
container from which each student draws one role. A record
should be kept of students and each role so that no one is tempted
to swap roles! Even if it appears that a student draws an
incompatible role, it is amazing how well all perform given the
opportunity.
Everyone is then given the instructions (Sheet B below) and the
rules explained. If the class is large, it is much easier if similar
roles are grouped together and one representative from that
group contributes directly to the presentation of the final game,
with assistance from the others (this is, of course how things
happen in reality). Groups are indicated on the role cards. Next,
depending on time, each group meets together and plans their
strategy. Individual roles not in groups may either work on their
own as an individual, or, visit several groups to get the feel of
what is happening.
588 Chapter 20 Whale Bay
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De-briefing
Students are asked for their opinions
as to how the game went, what they
thought of their roles, and what they
think about the Marine Park. Would
other factors need to be considered
for the Park? What did they learn
about procedures and management
principles? (Be prepared for criticism!) If students have never played a
role play game before, some may not
appreciate their roles, or felt they did
not have a chance to perform. On the
other hand, many will find the Game
a most worthwhile experience and
will wish to do more.)

Groups and individuals need at least one lesson of preparation
about content of the game. This is outlined on Sheet C. They
can be provided with transparent OHP sheets and pens to prepare
major points, or a map. Several players are required to place
notices or posters around the room (on large sheets of paper) and
space should be allowed for this. The Chairperson and Secretary
decide on appropriate sequencing of presentation at the Public
meeting, and put a notice to this effect. Groups and individual
players decide what they are going to say and how. Dressing ups
are collected.
On the day of the game, enough time must be allowed for
cleaning up! Two lessons should be allowed for presentation,
with the chairperson keeping a strict eye on the time (assisted by
the teacher if required).
The Chairperson sums up at the end (usually the next lesson).
All students cast a vote in their roles as to the best Marine Park.
To conclude, it is essential that the teacher de-brief the students.
Do not forget....this is all meant to be fun!

Sheet A Roles
Groups are merely indications only. One or more from these groups should present viewpoints at the meeting.
Other groups may be used. Individuals not in groups have to present their view at the meeting (except Media
and the Chairperson and Secretary). The Chairperson may need assistance from the teacher in controlling
the meeting but often can cope alone.
● Chairperson
1
● Army officer
1
● Secretary
1
● Permaculture farmer
1*# F
● Reporter
1 *# Group E
● National Parks and Wildlife Service Officer 1* Group C
● TV crew
1*# Group E
● Whale Conservation Society 1
C
● Dive shop owner 1*
Group A
● Wildlife Preservation Society 1
C
● Recreational fisher 1*#
D
● Bush Action Group
1#
C
● Tour boat owner 1*
Group D
● Department of Fisheries Officer 1
● Hardware shop Manager 1#
A
● Department of Environment Officer 1
● Cafe operator
1#
A
● Shire Town Planner
1
● Whaler Arts
1#
A
● Commercial Fishermen’s Organisation Officer 1 Group B
● Whaler Real estate 1
Group D
● University student 1
Group F
● Local residents
2 (parent , solicitor)* Group F
● Herbalist
1#
Group F
● Caravan Park owner
1#
D
● Professional Trawler operators 1*
B
● Tourist developers
1*
D
● Scientists 2

Marine Studies Copyright Wet Paper 2014

Chapter 20 Whale Bay 589

Wet Paper

Note: Those * can be increased. Those # can be eliminated.

Role cards
Chairperson
Your role is to chair the public meeting and to keep order so that everyone who is supposed to speak gets
a chance to do so. You can draw up a time table. The Secretary will assist you to gather information about
each of the groups and individual players so that you have some idea of how people are thinking. You have
to sum up at the end of the Game, and supervise the voting at the end. You are the Shire President so you
are used to being in charge but are good at keeping control. You know this is an important occasion so would
wear formal clothes.
Secretary
You need to keep records of what is happening both before and at the meeting. You could get each
spokesperson to summarise the group major points before the meeting for you; help the Chair to draw up
a time table and prepare a poster showing this; you should also prepare a poster announcing the meeting
time. At the meeting, you could record the speeches on a cassette tape; list the main points of the speeches
on an OHP or board as the meeting proceeds to help the Chair prepare a final summary. You are well known
for your attention to detail and your clothes tend to be fussy. You are worried about losing your glasses
so always wear at least two pairs around your neck on strings.
TV crew
Your local television station carries news around Whale Bay and you need a good drama to catch everyone’s
attention. You need a portable video camera to record the groups preparing beforehand, and to shoot the
actual meeting. Work with the reporter and interview key speakers and any clashes. You would also record
the map and other pictorial matter if available (in close up). (Get assistance from your school AV Officer
if required). You wear a T-shirt with a round logo and ‘15’ inside to represent Channel 15.
Reporter

Wet Paper

Your role is to get a good story on both the preparations and the actual meeting. Your newspaper covers
the whole region of Whale Bay and is read by everyone. You like getting the REAL facts, including clash
of interests between the groups. You can prepare a ‘Wall Newspaper’ which contains ‘Daily’ News’ as
the groups start work. You could interview key players before and during the meeting. Prepare a final News
Report after the meeting and then give the news of the voting. Check other newspaper reports to see the style
used in reports about planning and conservation issues. You wear casual clothes and always carry writing
and recording equipment. You will work with the TV Crew.

590 Chapter 20 Whale Bay
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Dive shop owner
You own and operate the local dive shop in Whale Bay and wear
casual sports clothes and a dive watch. You take groups of divers into
Whale Bay to view the coral, rock formations and marine life
(including dugongs, turtles and fish) as well as the wrecks offshore.
Your business is struggling and you have huge repayments on your
boat. You want major areas of the Bay restricted to fishing as you
think fishing is both depleting stocks of fish and causing damage to
turtles and whales through entanglement in nets, lines, ropes and
plastic bags. You dress casually, a fitness freak and can't stand people
who are flat and unmotivated.
Recreational fishing person

Wet Paper

You have retired from the Shire Council (where you were a road
ganger) and spend your time fishing in Whale Bay. You like seeing
the whales coming back into the Bay, but you want to have enough
fish to catch and peace and quiet - anything for a quiet life. You
always object when you hear people having arguments because it’s
not worth it is it? As the Bay already has several Fish Reserves you
think more regulations are just being put up by the government to
control everything, so you strongly object. You always wear casual
clothes, no shoes, and a hat. You are overweight.
Tour boat operator
You own a large fast boat “StarTrek 4” and take groups of tourists out
to see the whales during the northern and southern migrations. You
like to get your boat as close as regulations permit. You have been
making a lot of money lately and want to see your business thrive, so
don’t want any controls which would prevent you taking your boat out
and into the whole Bay. However, your livelihood depends on whales
so you want their areas protected, so long as you can get into them!
You always wear a hat, white clothes and carry a bag of emergency
supplies. You have a million dollar loan on your boat with repayments
of $4,000 per week.
Whaler arts
You run the local arts and craft shop and encourage local artists to
provide pottery, paintings and knick-knacks. You are a good artist
yourself, and specialise in wildlife paintings. You would like more
protection of the marine and other life in the Bay and strongly object
to fishing, hurting wildlife and noisy boats. You always carry
brushes and paint and paper in case you see a good subject.

Wet Paper

Commercial fishermen’s organisation officer
You spend your time talking and talking about fishing and Parks, and
want to see commercial fishing people with good access to their
traditional fishing grounds. You have accepted that you
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need to talk with conservationists but think everyone is pushing
‘nature’ too much. You have already agreed to the regulations
controlling the size of nets, where these can be placed and where
trawlers can go. You are not prepared to see most of the Bay a
restricted area. You like getting dressed up.
Hardware shop manager
Your Whale Bay Hardware sells fishing, diving sports and camping
equipment and you are doing well with increased tourism. You
don’t wish to see your business drop if too much of the Bay was
closed to tourists or fishing. You wear workclothes, always carry a
tool box or bag and are inclined to fix up things all the time.
Cafe operator

Wet Paper

Your cafe faces onto the Bay and your little tables and chairs are well
used by locals and tourists wanting devonshire teas and your home
made jam. You want tourists to continue and don’t feel strongly
about the new Park proposals so long as your cafe continues. You
always wear an apron, carry a basket of jam, and have been known
to lose your temper and throw scones at people who argue against
you.
Whaler real estate
You are the local land agent and are developing new blocks for sale
to the tourists you are hoping will move to the Bay. You want to see
a mix of Marine Park and fishing as this will allow all groups to stay.
You always wear flowery clothes and have a pushy manner.
University students
You always take your holidays around Whale Bay and your family
still live there. You are studying marine science and feel strongly
that the Bay needs more protection. You have been on fishing and
boat trips and are horrified at some of the damage you see being done
to the Bay. You are also keen to be an objector and to join in any
protest the conservationists or others might organise. You have long
hair, never wear shoes.
Local residents
You are a parent with three small children and you are tired most of
the time. However, you want to see a nice environment for the
children to grow up in, and will fight to see that achieved. You are
not really sure of how this will be best achieved so are prepared to
change sides. You carry your youngest baby (a doll) and supplies
of nappies, pins etc.
Scientists - Dugong expert

Wet Paper
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You are a well known Australian expert on dugongs and have just
completed your PhD on these mammals. You know lots about their
food, sea grasses, and know that the sea grass beds are only found
Marine Studies Copyright Wet Paper 2014

on the northern (mainland) side of the Bay close inshore. Whale
Bay is the only site of one of the sea grasses Halophila ovalis in
the State, and the only site where dugong are found. You know
that there is a big herd in far North Queensland but that is a long
way from Whale Bay. You think there are insufficient Fish
Reserves in the area anyway and you are aware that fishing
people from outside the Bay tend to take far less care than the
fishing boats in Whale Bay itself. You like whales too but think
that dugongs deserve more fuss. You wear binoculars and dark
glasses all the time.
Local solicitor
As the local solicitor, you have been asked to appear at the
meeting on behalf of a number of local people who feel their side
may not be well presented. You want to see development
continue around the Bay, but you are also concerned about
preservation of the environment, and keep bees in your large
bushy backyard. You always speak calmly and logically, and
wear a suit, but you feel the more protection the Bay gets, the
better.
Professional trawler operator

Wet Paper

You own the Whatsit, a trawler operating in Whale Bay. You are
sick of being told what to do: you have had to change the size of
your nets, where you place them, and are worried that restrictions
are going to be placed so that you can only fish 5 km offshore.
You want 1 km off shore fishing as that is where most fish are.
You are sorry that dugongs, and turtles get tangled in your nets,
but if lines and ropes and plastic bait bags fall overboard, well,
that’s life and you have to make a living. You wear shorts and
old sneakers, and a very old hat.

Wet Paper
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Scientist - turtle researcher
You are a researcher on turtles in Australia and have tagged many
on the ones living in Whale Bay for over twenty years. There are
two groups using the Bay - local Hawksbill, Green and Loggerhead
Turtles live in the Bay and feed on grasses and shellfish, and nest
further north. Another large group of Loggerheads (which are
endangered) nest on the shores of Whale Bay. You are cautious
about any more tourists coming to visit the area as they disturb the
nesting turtles but you realise that turtles are interesting and of
course, you are fascinated by them.. You always carry a torch ,
notebook carry pictures of turtles to show people.
Tourist developer

Wet Paper

You own a lot of land around the shore, and want to see tourism get
going with a bang. You spent a lot of time in the United States
looking at hotels, motels and marinas and are keen to see a ‘Whaler
Wharf’, more shops, more boats and activity in Whale Bay. You
know that the whales have to be protected as they are the draw card
for tourists, but after all, everyone has to make money. You detest
conservationists, hippies, anyone unusual, and say so. You have
picked up a few American mannerisms, and wear very bright
colours.
Permaculture farmer
You are one of the group growing organic food in a small farm along
the creek running into Whale Bay. You are well aware of the
pollution farms can cause and as you love animals you want to see
the best possible deal for whales, dugong and turtles. You therefore
go for regulations on fishing though you think everybody should get
a fair deal. You don’t have much time to think about clothes, and
carry some of your healthy vegetables to sell or barter.
Army officer
The Army owns part of the foreshore of Whale Bay and has for years
being carrying out training exercises in the bush, mangroves and
sand dunes. You are also a keen diver and know the Bay well. The
Army wants strict regulations over what will happen in the Bay and
is keen to see a Marine Park in place with fishing very restricted.
You wear Army gear and twirl your moustache.

Wet Paper

Department of environment officer
You represent the Minister for the Environment and have to wait to
see how things will go about all the proposals. The Plan was
originally put up by you so you know a lot about it and try to
persuade everyone to agree with it. You have a relaxed manner and
wear relaxed type clothes especially when on these visits outside
the capital city office.
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National parks and wildlife officer
You have been at the Bay for two years and spend most of your time
keeping tour boats away from whales, supervising the rescue of injured
animals caught in plastic and in reporting pollution to your office. You
think fishing needs to be kept well away from the marine life, and don’t
want any more tourists. You feel the mangroves, of which there are
extensive stands (mainly Avicennia marina (grey) and the rarer myrtle
mangrove Osborna octodonta. You usually carry wildlife books, always
wear a hat, shorts and boots.
Whale conservation society
You are the representative of the organisation which specialises in whale
watching, conservation and providing information to the public. You
have travelled all over the world looking at whales and are very
knowledgeable about them. Nothing should happen to these Humpbacks
who are only just increasing in numbers after years of whaling operations.
You would like the whole Bay as a Marine Park with no zones for fishing
or entry, and you really like all boats kept away if possible too. You
always wear binoculars and carry pictures of whales. You are madly in
love with the National Parks Officer and tend get very romantic when
that officer comes near.

Wet Paper

Wildlife preservation society
You are the Project Officer at Head Office and you want to see the marine
environment protected. You think that some of the locals are not aware
of the importance of keeping all marine life protected in Whale Bay - the
locals do not see the wider issues of conservation and management
which you do. You have been trained as a botanist so want to see more
of the mangroves protected. You have good skills in conflict resolution
so you want to see everyone get on without too much fighting. You
always wear shorts and boots, and carry environmentally friendly
products.
Herbalist
You grow herbs and organic plants in your backyard and all
through your untidy house. You have been supplying herbal
mixtures to everyone for years. You are a real gossip and take
a keen interest in everything local despite your age (you are
nearly 75). Your clothes tend to be a strange mixture, and you
always carry plants and like to knit.
Caravan park owner
Your life is dominated by the caravans, keeping them clean and
full of tourists. You do not want to see a Marine Park as you think
nature will take care of everything and people should not
interfere. You are good at stirring up the locals and never go
anywhere without your dog, your hat and a broom.
Wet Paper
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Bush action group
You are the only group who will get action you think! You spend
your life protesting, climbing trees, going out in small boats in
front of trawlers and marching. You are good at scrawling
graffiti and making posters, and like to make your views felt. In
fact, you know you interrupt a bit much! You always wear tshirts with messages, carry a sleeping bag and spare food.
Shire town planner

Save the
trees

Wet Paper

You are the local planner from the Shire Council at Whale Bay
and are a bit confused as to what the best thing would be. You
speak very slowly and are knowledgeable about land use, but
you don’t know much about water in the Bay except that it is salt.
You have never been in a boat, and are frightened of whales,
turtles and anything that is connected with the sea. You never eat
fish and avoid having anything to do with people who are
connected with fish. You always stand with your hands in your
pockets, speak with an accent, as you were originally from
Europe. You are happy to see the Shire go ahead so don’t mind
tourists, developers etc. so long as they follow the rules.
Department of fisheries officer
Your role is important as you know you have to bring together
the opposing view of the conservationists and the trawler and
tourist operators. You have to issue permits and watch the
regulations. You think the Bay probably does need more
protection and want to get the fishing people agreeing to this
without having to give into the scientists and conservationists.
You are always busy so run around a lot, wear a white shirt with
braid on it and feel important.

Wet Paper

The problem
Officers from the State Department of Environment, and the
Fisheries Department are also concerned that the whole Bay may
be overused as a fishing resource and that divers, tour operators,
trawlers and recreational fishing people all need more control.
The trouble is that people are used to having the freedom of most
of Whale Bay, which has been used for fishing for a hundred
years. Two Fish reserves (marked on Map) have been established
in the last ten years. For years, the hinterland behind Whale Bay
was sparsely settled, but in the past twenty years, more farmers
have cleared the land, and keep cows, grow hay, lucerne and
vegetables and flowers for the cities.
The Army also owns much of the land to the west and has
retained all of the natural forest, bush and mangrove cover.
A Marine Park is proposed, which would divide the Bay into
various zones where whales could be viewed, fishing occur,
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Sheet B Procedures
The objective of the Game is to decide if
a Marine Park should be declared in
Whale Bay and how big this Park should
be. Principles of conservation and planning should be applied as required.
Zones for different users have been proposed and these have to be talked about
and decided at a Public Meeting which
the Shire President has called.
Various groups of people have to assemble together, collect information and
decide how they stand on the proposal.
You will have two lessons to prepare and
sort out your case, to prepare the summary and to decide who will speak. The
public meeting will probably take another two lessons, with the voting and
summing up in another.
Some individuals will speak at the meeting, and some will represent the major
groups. The order of speaking will be
decided by the Chairperson, and advertised. Everyone must agree that the
Chairperson keeps the meeting in order.
Everyone will need to research as much
information as necessary to be prepared
for questions and reactions at the meeting. Unless the Chair decides otherwise, you may not interrupt speakers,
though may be allowed to ask questions
afterwards. Maps may be prepared,
and summaries of the key points presented to the Secretary by you or your
group before the meeting commences. .
Be prepared to be interviewed by the
media and by the Chairperson who may
want to see how viewpoints are developing.

dugong, turtles and other marine life be left in peace. It is also
considered important that a Preservation Zone be made where no
one should enter so as to conserve the natural environment as it
is now. It could be noted that the zones are not as complex as
those used in the Great Barrier Reef Marine Park.
The borders of the proposed Marine Park and the zones are
shown on the Map. The State government has asked for public
submissions on the Park proposals. A public meeting has been
called as part of the consultation process which the State
government (through the Department of Environment) is anxious
to see in operation. If certain groups or individuals put up a
strong case to change the boundaries or the zones, then the
meeting can recommend this and the Park will be altered.
Consideration has to be given to all the users of the Bay, But, at
the same time, the long term conservation of both the Bay, with
its clear waters, its marine life and its surrounding mangroves,
sand dunes and rocky shores, has to be given equal weighting.
There will be no whales, turtles, dugong or fish if the marine
environment is not cared for.

The objective of the game
is to see which boundary is best, and which zones should apply.
Presentations at the meeting may influence groups to change
their minds, and the individual voting at the conclusion should
give an indication of the community’s views.

The Chairperson will sum up at the end.
Then everyone has a vote as to the
proposal and votes in their own role. The
results will be published in the local
newspaper.

Wet Paper

At the finish of the Game, your Teacher
will ask for your opinions as to how it all
went.

Marine Studies Copyright Wet Paper 2014

Chapter 20 Whale Bay 597

Sheet C Information about Whale Bay
Whale Bay occupies the area between a large island, Wallaby Island, and the mainland some where in Australia. On
one side, its mangroves and wetlands fill most of the channel, and some of these are Fish Habitat Reserves where fishing
is prohibited, some bait collecting occurs along the mud. The eastern side is open to the ocean, and has deep clear water.
Close to the western shore grow hectares of seagrass, which support nearly 1000 dugong, the marine sea cow. Several
species of turtle live and feed in the Bay and some nest on the sandy shores to the north. Pirates used the Bay in times
past, and wrecks of ships sailing too close to some of the rocky shores lie on the sea bed. These provide fascinating dive
spots and coral reefs with soft corals, feather stars, numerous molluscs, worms and fish. The Bay is considered to be
one of the best dive sites in the State. It also supports twenty trawlers and an active recreational fishery. The fish are off
loaded at the fishworks in the small township of Whale Bay on the western shore and some are frozen for the capital city
markets.
The Bay’s newest arrivals are the Humpback Whales who have been moving into the Bay to rest en route between their
summer feeding grounds in the Antarctic and their winter breeding grounds in the waters of north eastern and north
western Australia. Whales are seen in the Bay from late May to June and on the return journey between August and
October. Many are up to 40 tonnes and up to 15m long. On the return journey from the warm waters, most of the females
are accompanied by their calves born up north. Thousands of visitors crowd into charter boats to visit the Bay in the hope
of seeing the whales swimming close to the surface or diving or leaping out of the water (“Breaching”). The whales only
feed in the Antarctic Ocean and consume enormous quantities of krill, tiny crustaceans. Whale scientists and
conservationists are getting alarmed that the great mammals will become pressured by the increasing numbers of
whalewatchers, all crowding together in Whale Bay. The whales may then move away from the Bay altogether. There
has to be a reasonable management approach so that tour operators and visitors could still use the resource, but that at
the same time, the whales would not be hindered in Whale Bay. Regulations are already in place and state that boats
may not approach whales closer than 100m., and boats should not break up groups or separate mothers and calves.
Swimmers and divers are not to be closer than 30m. Rubbish or plastic may not be thrown into the water. The preservation
of clean water in the Bay is also important for the whales’ survival.
Copyright free page
Prerequisite exercise. It is suggested that you complete Activity 11 Page 583 so that you , know the colour of the zones,
know the permitted activities in the zone
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Wet Paper

National Park

MESA
Marine Education Society of Australasia
Our Organisation

Seaweek is MESA’s main national public awareness campaign conducted annually to promote the protection, wise
use, understanding and enjoyment of
our marine environment.
Seaweek’s theme for 1990 was Fish
for the Future. 1992 is “Marine Parks :
Saving our Seas" and will be held mid
year. Wise management of our marine
environment is becoming increasingly
important. We want to discuss the
important part marine parks are playing, and could play, in conserving our
seas for the variety of demands placed
upon it. Watch out for Sea Week in
1993, 1994 and 1995.

MESA
Your Benefits

Our Goal
“Through interpretation - understanding. Through
understanding - appreciation. Through appreciation protection.”
The Marine Education Society of Australasia seeks to
promote marine education and conservation by:
* professional development of members
* publishing newsletters, journals and special reports
* co-operating with affiliated educational and
conservation groups
* lobbying government agencies to support marine
education and conservation projects
* conducting public awareness campaigns such as
‘Seaweek’

Wet Paper

The Marine Education Society of Australasia offers benefits to members including: national quarterly newsletters,
state newsletters (in most states), biennial national conferences, regional
conferences and seminars, professional development activities, resource
materials and support for ‘Seaweek’,
overseas study assistance.

The Marine Education Society of Australasia (MESA)
was formed in 1985 to develop understanding,
appreciation, wise use and protection of the marine
environment in the Australian Pacific region. The
Society is a non-profit organisation which brings
together those interested in the study and enjoyment
of marine and estuarine areas. Affiliated with the
Australian Littoral Society and the Australian
Association for Environmental Education, MESA
includes professionals in education, science, business,
government, museums, aquariums and research.
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Great Barrier Reef Marine Park Authority Bibliography
For an order form write to:

The following publications are available from the Great Barrier
Reef Marine Park Authority.

GBRMPA, PO Box 1379, Townsville 4810

Publications for educators
Project Reef-ed. Published by GBRMPA this is an essential
guide for educators organising field trips to the Great Barrier
Reef. There are 150 activities in a broad range of subject
areas, many of which can be adapted to other localities and
environments.
Discover the Great Barrier Reef. An introductory full colour
reference book for anyone interested in studying the Great
Barrier Reef and the Marine Park. Published by GBRMPA it
has chapters featuring reef origins, history, biology, management and conservation.
ISSUES The Great Barrier Reef: Conservation and Management. A special edition of Issues magazine discussing
management issues of the Great Barrier Reef Marine Park
such as: tourism, water quality, fishing, and the Greenhouse
effect. Written for Secondary students.
Senior Topics (Zoning Game) An involvement role playing
game focusing on the management of the Great Barrier Reef.
Students act as users of the Marine Park determining the
management zones for a section of the park.
Turn the Tide. Written for educators by MESA (Marine
Educators Society of Australasia) . Turn the Tide addresses
marine pollution, and its affect on sea life.
Fish for the Future. A MESA publication aimed for educators
looking at fish, fishing and the management of fisheries.
Resource publications
Reef Notes
Colour information leaflets on the following topics:
Life on the Great Barrier Reef

Shells

Crown of Thorns Starfish

Trochus shells

Coral Cays

Sharks

Fringing Reefs

Whales

Soft Coral

Seabirds

Coral Polyps

Dugongs

Coral Spawning

Larval fishes

World Heritage

Reef fisheries

Captain Cook

Shipwrecks

The Great Barrier Reef - Junior Survival
Produced by the Gould League this is a nice introduction to the Reef and it’s natural history.
Fisheries of the Great Barrier Reef by Tor Hundloe
An overview of the fishing industry of the Great Barrier
Reef.
Seagrasses of the Great Barrier Reef by Janet
Lanyon Detailed descriptions of seagrasses.
The Crown-of-Thorns Starfish -A special issue of
Australian Science Mag discussing background information and research about this fascinating animal. Are
outbreaks natural or human induced? It includes a 1992
update.
Great Barrier Reef Aquarium -A special issue of
Australian Science Mag discussing why this unique
aquarium is the only aquarium in the world able to look
after and show a living coral reef.
Corella : Seabirds - Two volumes of Corella magazine
describing seabird breeding islands of the Reef.
Videos and A.V.s- Reef Report - A quarterly 20 min
news magazine of topical items and issues in the
marine park. A list of topics of back copies is available.
The Crown of Thorns Phenomenon -A Dec 1991 production of 16 minutes revealing the most up to date
information about the crown-of-thorns starfish especially the recent research carried out into population
outbreaks. Encounters With the Reef - the video A 20
minute video showing the evolution of the Great Barrier
Reef and its animal and plant life. A good introduction
to the Reef. Encounters With the Reef - the slide kit- A
48 slide and cassette kit version of the video above. The
slides are very useful for other occasions also.
Posters . GBRMPA posters measuring 840 mm by 600
mm of:- Turret Coral, Clown Fish, Snorkelling (on the
Reef), Hardy Reef (from the air), Reef walking (from
above and below water), Gorgonian Coral
Maps - Sets of zoning maps are available for all
sections of the Great Barrier Reef:, Cairns Section
(updated in 1992) , Far Northern Section, Central
Section, Mackay/ Capricorn Section

Victorian Institute of Marine Sciences
General publications: Coastal dunes and plants, Maritime History.
Marine Reserves, Ropes, knots and hitches, shapes, marine maths
puzzles, tides

See
www.mesa.edu.au
for up to date details

Student publications: Adaptive strategies, animal structures, coastal changes, differences and disguises, marine
animals, marine plants, marine food chains, the rocky shore, salt marsh study, structure of a community, beach
animals, sensory trail, rockpool study, sea creatures, slimy seaweeds. Write for the complete list.
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Some addresses
(Courtesy Sherwood Maynard, University of Hawaii and Board of Senior Secondary School Studies)
Atlantis Marine Park, (Education manager), Sovereign Dr, Two rocks, Western Australia, 6037.
Australian Institute of Marine Sciences (Director) CMB 3 Townsville MC. 4810.
Australian Marine Science Consortium c/- Sir George Fisher Centre, Townsville, Phone 077 81 4817
Australian Marine Sciences Association, CSIRO Marine Laboratories, GPO Box 1538 Hobart 7001.
Australian Maritime College, Newnham Campus, PO Box 986, Launceston Tasmania, Beauty Point Campus PO Box
21, Beauty Point, Tasmania, 7250.
Australian Museum (+Lizard Island Research Station) PO Box A285, Sydney South NSW 2000.
Australian National Commission for UNESCO, PO Box 826 Woden ACT 2606
Bond University, School of Science and Technology, Private Bag 10, Gold Coast Mail Centre 4217
Channel Is Field Study Centre, NT Dept of Education, GPO Box 4821 Darwin, 0801
CSIRO Fisheries Research PO Box 120 Cleveland 4163
CSIRO Marine Laboratories GPO Box 1538 Hobart, Tasmania, 7001.
Flinders University of South Australia School of Earth Sciences, Bedford Park Adelaide, South Australia, 5042.
Great Barrier Reef Marine Park Authority, PO Box 1379, Townsville, 4810.
Greenpeace Australia, Studio 14, 137 Nicholson St, Balmain, NSW, 2041.
Griffith University, Division of Environmental Studies, Nathan, Brisbane, 4111.
Heron Is. Research Station, Gladstone Qld, 4680.
James Cook University, Department of Marine Biology, 4811.
Lizard Is. Research Station, PMB 37, Cairns, 4871
Marine Education Society of Australasia, C/- Marine Studies Centre,
Weeroona Pde, PO Box 138 Queenscliffe, Victoria, 3225.

See
www.mesa.edu.au
for up to date details

Marine Science Laboratories, PO Box 114, Queenscliffe, Vic, 3225.
Marine Studies Centre, Station Rd, PO Box 205, Tooradin, Victoria, 3980.
Merimbula Aquarium, Lake St, Merimbula, NSW, 2548.
Northern Territory University, PO Box 40146, Casurina, Darwin, 0811.
Queensland University, Zoology Dept. St Lucia, 4067.
Queenscliffe Marine Station, PO Box 138, Queenscliffe Vic, 3225.
Queensland Department of Environment and Heritage, PO Box 155, North Quay, Brisbane, 4000.
Queensland Museum, Great Barrier Reef Wonderland, Townsville, 4810
Queensland University of Technology, Marine Science Centre, 130 Victoria Park Rd, Kelvin Grove, 4059
Sea Australia Resource Centre, 15 Lancelot St, Rochedale South, Queensland, 4128.
Sea World (Education Officer), PO Box 190 Surfers Paradise, 4217
Society for Estuarine and Marine Studies PO Box 61 Waratah, NSW, 2298.
TraveLearn, Continuing Education Centre, Qld University, St. Lucia, 4067.
University of Melbourne, Centre for Marine Sciences, Parkville, Victoria, 3052
University of New England, Centre for Coastal Management, PO Box 125, East Lismore, 2480
University of New South Wales, Centre for Marine Science, PO Box 1, Kensington, Sydney, 2000
University College, Australian Defence Force Academy, Dept. Geography and Oceanography, Campbell, ACT. 2600.
University of Queensland, Environmental Management Group, Post Graduate Marine Studies Program, St Lucia, 4067
West Australian Museum, Francis St, Perth, 6000.
Wet Paper, 14 Milbong Tce, Ashmore, 4214
Woodbridge Marine centre, Woodbridge Tasmania
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The information on this page is out of date

Others - refer also to individual Chapter references
Bennett, I, The Fringe of the Sea. Angus and Robertson.
Clough B.F. Mangrove Systems of Australia. Australian Institute
of Marine Science. 1982
Edmunds. C. Marine animals dangerous to man. Wedneil Publications 1984
Endean, R. The Great Barrier Reef. University of Qld Press, 1982.
Dakin. W.J. Australian Seashores. Angus and Robertson. 1987.
Gillett and Wilson. A field guide to Australian Shells. Reed. 1971.
Grant, E.M. Fishes of Australia. E.M. Grant Publications.
Hungerford, R. The complete book of Australian fishing. Budget
books. 1987.
Moffatt, R.D. The Barrier Reef World. Wet Paper. 1988.
Moffatt, RD. Coastal Studies. Wet Paper. 1990.
Pope and McDonald. Exploring between Australian Tidemarks.
Australian Museum. 1981.
Ryan, T. Seascape. Avicennia 1989.
Ryan, T. Pollution - issues in marine conservation. Wet Paper.
1991.
Sutherland, S. Venomous creatures of Australia. Oxford University
Press. 1981
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Index
A
A front 169
A study of one fish 238
A.B.C. Of life 254
A.S.G.D.. See Alarm signal
generating device
Abiotic variables 491
Aborigines 568
Accepting a tow 129
Accidents with marine creatures 267
Acclimitization 500
Accreting beach 335
Acknowledgement of a distress
signal 202
Action by rescurers 266
Active beach system 331
Active coastal area 576
Adopt a Beach 580
Advice to relatives when boating
60
Air cooled engines 43
Airey waves 326
Alarm signal generating device 194
Alveoli 251
AM radio 189
AM/SSB control 194
Amplitude of wave 189
Amplitude modulation of radios
189
Anchor shackles in boats 126
Anchor well of boat 19
Anchored vessels or vessels
aground (Rule 30) 71
Anchoring equipment 126
Anchoring technique 125, 126
Anchors 19, 126
Andromous fish 434
Anemograph - use in weather 176
Anemometer - use in weather 176
Anemone 500
Anemone fish 500
Aneroid barometer 170, 171
Angiosperms 466 see also
seagrasses
Antenna or aerial tuning unit of
radio 194
Anther of spinnifex grass 506
Applting boating rules 119
Aquaculture 535
Aquaplaning 130
Aqueous humour - of eye 226 See
also snorkelling
Arch - coastal landform 315
Areas of restricted visibility 75
Army officer - whale bay role play
594
Asthenosphere 286, 287 (see
ocean formation)
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Atlantic ocean 283
Atmospheric or air pressure 169,
170
AUS 5169A Whitsunday Passage
exercise 158
Aus 5169b Chart - Use in
navigaton 143
Australian Maritime Safety
Authority 61, 203, 206
Australian Standards 79
Australian Surfrider Foundation address 346
Australian Yachting Federation address 6
Autotrophs - reference to
ecosystems 492
Avoiding collisions in boats 66

B
Backing and launching the boat
trailer 113
Backward roll - as in snorkelling
221
Bar - coastal landform 314, 315
Barotraumas - in Snorkelling 248
Basic manoeuvring and handling of boats 115
Basic physiology - as applied to
Snorkelling 245
Basic safety rules - for boats 59
Bathymetric chart - as applied to
Navigation 103
Battens - in sailing boats 14
Batteries - general use of,
maintenance 44
Bays - coastal landform 315, 340
Beach berm 334
Beach landing - boat handling
technique 127
Beach values - applied to conservation 570
Beaching - a boat 137
Beam - boating term 12, 15
Benthos - definition 465
Berm - coastal studies term 334
Bi-nomial nomenclature - term
used in classification 421
Bight - term as applied to rope 27
Bioluminscence - term applied to
plankton 403
Biotic variables - as applied to
ecosystems 491
Bites - caused by marine animals,
snorkelling 273
Blast method - of clearing snorkel
219
Blow out - term used in reference to
dunes 510
Blowhole - coastal landform 315
Blown fuses - as they apply to
batteries 205
Blubber jellyfish - nektonic animal
85
Blue bottle - planktonic animal 85

Blue Ringed Octopus - planktonic
animal 273
Boat Books - address 160
Boat etiquette - applyied to boats
and AYF 63
Boat insurance - as applied to AYF
syllabus 23
Boat marinas - use in conservation 568
Boat shut down procedures 129
Boat trailer and parts 24, 25
Boating & weather 178
Boating and alcohol - reference to
safety 62
Boating safety equipment regulations 64
Boat construction 12 - 15
Body surfing - safety suggestions
264
Bow - term applied to boat 12, 17
Box jellyfish - safety , first aid
85, 271
Boyle - Robert 210, 229
Boyle's law experiment 234, 230
Breaking strain - term applied to
fishing line 443
Bristle worms - safety anmd first
adi 271
Brittle stars - external features
drawing 473
Bronchioles - as applied top
snorkelling 251
Budding - as applied to corals 478
Bullock’s eye - disscection
activity 278
Buoyage - system of, applied to
boating 91
Buoyancy - as applied to
skindiving 228
Bush action group - whale bay
role character 596

C
Cabin area - term applied to boats
19
Cafe operator - whale bay role
character 592
CALM Publications - address 308
Camber - as applied to boat 15
Cape Hillsborough Practice Charts
143
Capes - as applied to coasts 314
Capsizing - sailing 131
Carapace - of crustaceans
469, 470
Caravan park owner - whale bay
role character 595
Cardinal marks - as applied to
boating safety 93
Cardio pulmonary resuscitation first aid procedure 254, 256
Care and maintenance - general
discussion of boating equipment 83
Care of equipment - as applied to
skindiving equipment 215

Index
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Care of ropes 26
Carina - external feature of
crustacean 407
Carrier wave - as applied to radio
use 188
Cartilage - in sharks 427
Cartilaginous rings - in human
respiratoty system 251
Carvel-built hull - term as applied
to boats 16
Case studies - of conservation
574
Casuarina - tree on forshore
507, 508, 513
Cathedral hulls - in boats 110
Cave - feature of coastline 315
Cells - as used in skindiving 245
Cephalopod - clasification 472
Cephalothorax - of crustaceans 469
Cerato. S. - acknowledgement of
assistance 234
Chairperson - whale bay role
character 590
Channel Island Field Study
Centre - address 532
Channel selector - of radio 194
Charging - of battery 205
Chart datum - reference to
navigation 163
Chart features 143
Charted depth - definition 163
Chartwork exercises 154
Checking the charge level - of
battery 205
Chine - term applied to boat 16
Choke - as used to start engine 39
Choosing an objective - on a chart
148
Choroid - as applied to eye in
skindiving 226
Ciguatera - discussion of
fishpoisoning 403, 404
Ciguatoxin - the poison 403
Ciliary muscles - of eye as
applied to skindiving 226
Circulatory system - as it relates to
skindiving 252
Clarifier - term applied to radio 194
Class A fires - safety 81
Class B fires - safety 81
Class E fires - safety 81
Classification 421
Clearing your mask - skindiving
technique 219
Clearing your snorkel - skindiving
technique 219
Cleats - as they apply to boats 19
Close-quarters boat handling requirement of AFY syllabus
116
Cloud cover - as it affects boating
176
Clouds - some definitions 174
Coast earth stations - as applied to
radio 195
604 Index

Coastal areas - some definitions 576
Coastal estuaries - general
discussion 568
Coastal management - discussion
567, 583
Coastal management - discussion
569
Coastal management policy 571
Coastal management system 577
Coastal navigation exercise - 156
Coastal plain - boating term 315
Coastal spinifex 510
Cod end - of fishing net 437
Coelenterates - examples 474
Coelenteron - of coelenterate 474
Coiling a twisted rope - mariners
skill 27
Coiling and throwing rope mariners skill 26
Cold fronts - as applied to weather
169
Collisions - and avoiding them
138
Combined exercises - navigation 157, 158
Coming alongside a pontoon or
jetty - skill 116
Commercial fishermen’s organisation officer - whale bay role
character 591
Commercial vessels - terms
applied to safety at sea 72
Companion way - nautical term
19
Compass course 101, 102
Compass course to steer exercise 156
Compass error 100, 155
Compass Exercises 155
Condition of engine/sufficient
fue 60
Conditions of loading 110
Cone Shells 269
Conservation 571, 583, 579, 582
Conservation and management 583
Constant circulation system 43
Constructive waves 338
Continental crust 286
Continental shelf 319, 324
Continetal margin 287
Continetal slope 287
Contour map 302
Convection currents 290
Cooling the powerhead 43
Copulation - in squid 425
Copulation in sharks 428
Coral 474
Coral colonies 475, 476
Coral polyps 477
Corals 474
Corals reproduction 477
Councils - and their role in
management 566
Cousteau - Jacques 210

CPR 254
CPR - one rescuer 256
CPR - two rescuers 256
Crabs 469
Crests - of waves 163
Creswell, George 308
Crew stress 133, 134
Crossing bars 132
Crossing situation (Rule 15) 67
Crossing the wash of another
boat 121
Crustaceans 469
CSIRO Marine Laboratory 308
Cultural eutrophication 380
Cumulonimbus cloud 170, 175
Cumulus 170, 174
Currents - ocean 244
Cuts 267
Cyclones or low pressure warnings 180

D
Daily tides 164
Daily inspections - of boats 46
Datum point 502
Dealing cautiously with uncertainty 575
Deck - of boat 13, 17
Deck latches 19
Decorator crab 468
Deep sea ooze 324
Definitions (Rule 32) 74
Definitions of lights (Rule 21) 69
Department of environment
officer - whale bay role
character 594
Department of fisheries officer whale bay role character596
Department of Primary Industries - whale bay role
character532
Department of Transport and
Communications - address
206
Depth - as applied to a chart 160
Design features of boats 15
Developing wave 325, 326
Deviation 100, 155
Deviation Card 155
Dew point 172
Diffraction 319, 330
Dilemma exercise - as applied to
conservation 570
Direction of buoyage 92
Displacement - of vessels at sea
12
Displacement method - in
skindiving 220
Distress and urgency signals - radio
131
Distress signals - mayday 200
Dive shop owner - whale bay role
character 591
Divers flag 78, 233
Diversity - importance to conserva-
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tion 527
Dock side - definition 19
Dominance heirachies 494
Douglas protractor 159
Draft 15
Drainage point 19
Drift - as applied to currents 151
Duck diving 222
Dugongs 454
Dune system 338, 505

E
E.D.

- term applied to cyclone
exercise 342
E.P.I.R.B 60, 83, 137, 195
E.P.S. - term applied to cyclone
exercise 342
EAR 254
Ear 248
Eardrum 248
Ebb tide 164
Echinoderms 473
Echo sounder 103
Echolocation 453
Ecologically sustainable development 575, 577
Ed Fish - address 466
Edwin Butt - address for GREEN
Project 394
El Nino 298
Electrical fires 81
Electrode 42
Elements of a fire 81
Emergencies 131
Emergency - Position - Indicating Radio - Beacon 195
Emergency stop 122
Emotional stability - and safety
241
Energy density 342
Energy density spectrum 342
Engine compartment 19
Engine starting procedures 115
Environmental officer - whale bay
role character 583
Environmental Protection Agencies 583
Environmental stakeholders 565
Equalising 220
Erosion scarp 336, 338, 505
Essential ecological processes 576
Estuaries 315, 320
Eustachian tube 249
Experimental errors 355
Expired air resuscitation 254
Explosions 134

F
Factors affecting handling - of
boats 109
Fathom 160
Faulty aerials of radios 205
Faulty earth 205
Faulty gear 259
Faulty microphones 205
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Feather stars 473
Federal politics - role in management 566
Feeding fish 238
Feldspar 509
Fibreglass 20. See also GRP
Fibreglass fish 461
Figure of eight 122
Fiji - location 289
Fining 222, 224
Fining - skindiving technique 222
Fins 213
Fire and extinguishers 81
Fires 134
First aid - general discussion 252
First aid kits 83
First-Aid for
- Bristle Worms 271
- fish puncture wounds 268
- moray eels 274
- sea snakes 273
- Sea urchins 271
- Sea wasp/Box jellyfish 272
- shark bite 275
Fish promotions unit - address
535
Fish spines 268
Fishery 470
Fishing vessels - collision reg (Rule
26) 72
Fission 401
Fitness 218, 241
Flares 80
Flat batteries 205
Floating 218
Flood tide 164
Floor spreading - as in sea 293
Fluke 125
Fly bridge 19
Flywheel 44
Food chain - examples 492
For power driven vessels under way
(Rule) 23 70
Foretelling weather 175
Forward gear 40
Fovea 226
Free end - of rope 27
Freeboard 12, 15
Frequency 327, 341
Frequency modulation FM as in
radio 189
Freshwater and basic food supply 60
Fretting 338, 505
Fringing reefs 295
Frontal dune system 507, 513
Fuel 41
Fuel line 41
Fuel tank 19
Future directions in conservation
and management 583

G
Gagon - Emile 210
Galley 19

Garboard plank 16
General objectives of conservation 575
Geological Society of Australia 308
Geological Time Scale 305
Getting into and out of a small Vshaped dinghy 111
Getting underway 118
Giant stride - as applied to sindiving
221
Gills 468
Glaciers 294, 313, 314
Glandular tissue 247
Global perspective - of conservation 575
Global positioning system 153
Global Rivers Environmental
Education Network 6
Glossary of terms 303
Gloves - use in skindiving 215
Goby and the schrimp 494
Gondwanaland 291
Gonochoric 477
Gonopore 408
Government department - role in
management 566
GPA 153
Grain sizes 506, 513
Great Australian Bight 312
Great Barrier Reef Marine Park
Authority 65, 238, 579
Greenhouse effect 577
Greening Australia projects 576
Greenpeace 346, 580
Ground nesting birds 520
Ground waves 189
Grounding 137
GRP 20
Guests on board 63
Gunwales 12
Gutters 331

H
Halley - Sir Edmund 209
Hamelin Pool 316
Hand Bearing Compass 98
Hand signals 260
Hard chine 15
Hardware shop manager 592
Hatch 17, 60
Head the 19
Head-on situation (Rule 14) 67
Headlands 314, 340
Health - safety 133
Heinrich Hertz 187
Helmet diver 210
Hemp - rope 26
Herbalist 595
Hermaphroditic 477
Hermaphroditic 477
Hertz experiment 187
High and low pressure systems 326
High pressure areas 169

Index
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History - of skindiving 209
H. Max 342
Holdfast 465
Horwitz Group 160
Hrms 342
Hs Hsig 342
Hull 12
Hull design and superstructure 109
Humidity 172
Humpback whale diving sequence 451
Humpbacks feed 451
Hygiene and health 133
Hyperventilate 260
Hypothermia 62, 138, 245, 250

I
IALA 91
Identification of fire extinguishers 82
Identifying relationships between
organisms 237
Identifying underwater organisms 236
Igneous rocks 287
Ignition system 42
Impeller 39, 44
Incorrect power supply 205
Indian ocean 283
Indurated sandstone 346
Inflatables 109
Information about Whale Bay 598
Inland waters 78
Inmarsat 195
Instability - of boats 21
Installations and faults 205
Insurance 23
Intake point 43
Inter-generational equity 575
International Association of
Lighthouse Authoritie 91
International Code A 78
International Maritime Satellite
Organisation 195
Isobars 169, 328
Isolated danger marks 93

J
Judgement 242
Junior skindivers test

224

K
Kedge anchor 137
Keel 12, 16
Keelson 16
Kinnears Ropes 26
Klemm 308
Knee 17
Knives 215

L
L.O.A. 15. See also Design
features of boats
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L.W.L. 15. See also Design
features of boats
Laid rope 26
Lamellate 428
Land care 576
Lateral marks 92
Latitude 144, 145
Latitude and longitude 144
Lauasia 291
Launching and recovery 110
Laurasia 291
Law of the sea 580
Learning how to snorkel 217
Leaving or casting off - for
rowing 111
Lee shores 133
Leeway 151
Legislation 565
Lerman 308
Life buoys 84
Life-saving and fire appliances 60
Light 227
Light houses 95
Lights (Rule 20) 68
Lights and shapes 68
Limestone skeleton 475
Line of sight 190
Lithosphere 286
Littoral zone 497
Living on board 134
Load 319
Local councillors - whale bay role
character 566
Local knowledge 59, 133
Local residents - whale bay role
character 592
Local solicitor - whale bay role
character 593
Loop 27, 28
Low pressure 169, 328
Low pressure systems 328
Lubber line 97
Lung capacity 229
Lungs 251

M
Mackay Air Sea Rescue - address
160
Magma 287, 289
Magnetic variation 99, 100
Main exhaust outlet 43
Making U or S turns 121
Man overboard 124, 132
Management 565, 571, 572, 575
Management guidelines 577
Management of waters and
waterside lands regulatio 64
Mangrove - flowers. See Mangroves
Mangrove
-structure 525
- food webs 527
- leaf types 526
- leaves 527
- mudflats 529
- reproductive stages 526

Mangroves 315, 524
Manoeuvring and warning signs
(Rule 34) 75
Manta tow 235
Manta towing 235
Marine productivity 413
Marine protected areas 579
Marine radio 192
Marine radio equipment 191
Marine radio organisations 204
Marine radio procedures 196
Marine Stinger Hotline 273
Maritime Rescue Co-ordination
Centre 196
MARPOL V 582
Masks - as in skindiving 211
Master compass 97
Maximum and mimimum thermometer 172
Maximum speed attainable 15
Maximum wave height 342
Mayday 134, 200
Mayday involvement 201
Mayor 566
MEPA 679, 587
Mercator projection 143
Mercer 308
Mercury barometer 170
Metamorphic rocks 287
MF/HF radio 193
Michie, Michael - acknowledgement 524
Middle/inner 249
Milky way 283
Minerals 323
Mixing outboard fuel 134
Mixing outboard fuel 42
Modern dive 210
Modulation - term applied to
radio 188
Mohorovicic Discontinuity 286
Molluscs 472
Mooring - of boat 19
Mooring to a buoy 128
Moray Eels 274
Morse code 188
Moulting 470
Movement 229
Mud flats 314
Multi-chine 16
Mutualism 494

N
Narrow Channel (Rule 9) 66
National parks and wildlife
officer 595
Natural resources 575
NAUI Association 6, 219, 238
Nauplius 470
Nautical mile 144, 146
Navigable waters (anti-pollution)
regulations 64
Navigation 91
Navigation equipment 60
Neap tides 164
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Nematocysts 410, 474
Nervous system 257
Neutral - gear in boats 40
New Hebrides 289
Nitrogen
- cycle 384
- fixation 508, 520
- fixing bacteria 508
Noise and AYF 62
Noise limiter. 194
Non-carbonate sands 322
Normal traffic operations 196
Nose and throat 250
Nylon 26

O
Oars 13, 112
Oblique wave pattern 323
Ocean ridge 287, 289
Oceanic crust 286
Offshore 91
On/off and volume control 194
One Management’ Strategy 575
Open heel or full booted 213
Open Water Activities 235
Open water skindiving 232
Operational definition 359
Operators certificate of proficiency 193
Operculum 407
Optic nerve 226
Orange handsmoke 80
Orbit field 327
Organic - term definition 367
Organisms that float in the
sea 237
Organs 247
Origins of water 283
Orthagonal 330, 329
Osmosis 423
OTC Ltd 195, 206, 204
OTC Maritime Communication
Stations 204
Other regulations - AYF 78
Outboard engine 38, 115
Outboard fuel 41, 42
Outer ear 248
Outer ear infections 249
Outer reefs 295
Ovary 408
Overtaking rule (Rule 13) 67
Oysters 472

P
Pacific 283
Painter 12
Pan Pan 200
Pangaea 291, 292, 294
Parachute flare 80
Paraflex rulers 159
Paraflying 130
Parallel Rulers 147
Parental permission 232
Party 566
Passage planning 132
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Peak energy period 342
Peat 346
Pectoral fins - of sharks 427
Pendulum 341
People and the coast 568
Period - of wave 341
Periodic inspections - of boating
equipment 46
Permaculture farmer - whale bay
role character 594
Personal Safety 78, 138
Petroil 23
PFD's 79
Phonetic alphabet 197
Phosphorus 509
Photic zone 402, 468
Photosynthetic Zone 402
Physical condition. 260
Phytoplankton 400
Pilot 91
Pilot boat 91
Pilot vessels (Rule 29) 73
Pilotage 91
Pinna 248
Pioneer vegetation 506
Pitch - of boat 40
Planing your boat 120
Plank 16
Planking 16
Planktonic blooms 403
Planning a section of a voyage 149
Plants that live in the sea 237
Plateaus and hills 315
Pleasure yacht 60
Plywood hull 16
Pollen 506
Pollution 352
Polyproplyene 26
Port 12
Port bow 12
Port regulations 64
Position Fixes 156
Position of the propeller 110
Post Larval stage 470
Potassium di-chromate 355
Power driven 66
Power selector 194
Power supply
192
Power unit, drive, propeller type
and number 110
Powerhead 39
Practical checklist 138
Practice charts 160
Prawn trawling 479
Prawns 469
Precipitation 173
Predicting the weather 168
Presail check of gauges 44
Press to talk control 194
Pressure
- of gas 229
- on the body 231
- relief value 215
- temperature system. 43
- valve 44

Producers 492
Productivity 493, 496
Professional trawler operator whale bay role character 593
Project Reef Ed 238
Propeller 40
Properties and types of rope 26
Propogation
- at VHF 190
- of 27 MHz 190, 191
Protecting the coast by law 580
Protection of migratory birds 581
Public service - as applies to
management 566
Pump housings 43
Pumps 19
Puncture wounds 268
Purge valve mask 219

Q
Q value 364
Quartz 323, 509
Queensland University of Technology 6
QUT, 404

R
Racemes 506
Radio
- and E.P.I.R.B's 83
- carrier waves 191
- energy 189
- silence periods 199
- wave 188
- condition of batteries 60
- telephony 188
Railings 19
Ramp etiquette 114
Range to Reef 308
Receiver 191
Recreational fishing person 591
Red handflare 80
Red Tide 403
Reed skin diver 209
Reef
- 315, 75
- building corals 475
- growth 295
Reflected wave 330
Reflection 319, 330
Refraction 319, 329, 330
Regeneration 473
Registered 23
Regulator 210
Regurgitation 450
Remote control 110
Reporter 590
Reporting accidents. 63
Reproduction od mangroves 525
Rescue proceedures 265
Rescues from water 265
Respiratory system 250
Responsibilities
- of vessels (Rule 18) 68
- (Rule 2) 66
Restricted visibility 66
Index
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Restricted visibility (Rule 19). 68
Returning to shore - rowing 112
Reverse gear 40
Reversing 118
RF gain 194
Ribs 17
Ripple
- as applied to waves 325, 326
- ripple tank 341
Rips 244, 331
Rising air 328
Rising sea 325
Rock hook 126
Rock types 287
Rocks and coral 259
Rogue wave 327
Role cards 590
Role play- whale bay role character
566
Root mean square wave
height 342
Rope 26
Rough weather handling 122
Round bilge 15
Rowing 111
Rowlock 13
Rowlock block 13
Rubber squeeze pump 41
Rubbing 17
Rule of twelfths 165
Rules and regulations 64
Rules of the road. 59
Runnels 337
Running fix including set and drift
exercise 157

S
S.C.U.B.A 210
Sacrificial anode 46
Safe water marks 93
Safety
- 122, 128, 232
- skindiving 217
- chain 39
- gear 77
- in the marine environment 259
- in the sun 246
- jump 221
- of boat and comfort of crew 62
- precautions - puncture
wounds 268
- signals 199
Sailboard or sailing boat 66
Sailing vessels under way or vessels
under oars (R 72
Salinity 352
Salivary glands 250
Salt-marshes 314
Salvage 63, 129
Sand
- 316, 506, 513
- budget 319, 333
- spit 332
SARPAK 132
Satellite communication 195
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Scales - of fish 429
Scientist - turtle researcher whale bay role character 594
Scientists - Dugong expert - whale
bay role character 592
Sclera 226
Scope 126
SCUBA 226
Scurfing 130
Sea
- anemone 474
- conditions 134
- grasses 466
- mounts 287, 289
- safety report for small craft 60
- snakes 273
- urchins 270, 473
- grass ecosystems 467
Seaplanes 66
seasick 249
Seasicknes 63, 249
Sea World 210
Seaweeds 414, 465
Seaworthiness. 60
Second - unit of time in
navigaiton 341
Secretary - whale bay role play
character 590
Sectored lights 95
Securing boat to trailer for towing 114
SECURITE 199
Security 110
Sedimentary rock. 287
Selbys - addresses 396
Self Test - skindiving 224
Semi-rigged inflatables 110
Semipermeable membrane 423
Senior Secondary School Studies
Syllabus 6
Servicing the motor 46
Set 151
Set and drift exercise 157
Shaft 39
Shank 125
Shark 274
Shark Bay 316
She oak 510, 513
Sheep’s pluck 277
Sheer 15, 16
Sheet B Procedures 597
Shellfish 468
Shift handle 39
Ship earth station 195
Ships Head 155
Shire town planner 596
Shoaling 336
Shoaling waves 335
Shock 257
Shock -causes 258
Shrouds 14
Shut down procedures 129
SI (System International of
Units 341
Sial 286
Siebe August 210

Sight 226
Significant period 342
Significant wave height 342
Signs and symptoms of shock 258
Signs of an approaching cyclone 180
Silica 320
Silt 320
Siltation 330
Silver nitrate 355
Sima 286
Sink 323
Sinkings 137
Sinks 344
Sinuses and teeth 250
Skeletal system 258
Skindiving
- equipment 210
- where to learn, what to wear 218
- signals 233
Skip 191
Skipper 62
Sky waves 190
Sleeve 13
SLSA Surf House 260
Small craft particulars form 61
Snorkel 212
Soft chine 16
SOLAS network 204
Solute 352
Solution 352
Solvent 352
Southern FIsheries Research Centre
Deception Bay 404
Spark plug 42
Spawning - of prawn 470
Spawning - of prawns 470
Spear fishing 215
Special marks 94
Species diversity 366
Speed and distance 146
Speed log 146
Spermatophore 425, 470
Spermatophores 470
Spikelet 506
Spinifex grass 507, 513
Spit 314, 332
Spits and bars 314
Spring tides 164
Squelch or mute control 194
Squid 424
Squid jigs 426
Stability 21, 60
Stack 315
Stakeholders 566
Standard radio communication
procedure 197
Standing part 27
Starboard 12
Starboard bow 12
Starfish 473
Start an outboard engine 115
State Marine and Harbour Regulations 64
Statement proposed strategy 577
Steering installation 110
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Steering compass 97
steering wheel 19
Stephensons Screen 172
Stern 12
Stinger drill 85
Stinging cells 474
Stingrays 269
Stings 271
Stopper 13
Storm bar 335, 336
Stowage 83
Strategy for a coastal management
system 577
Strenghtening features 15. See
also Design features of boats
Strength and deterioration 26
Stromatolites 291, 316
Subduction 292
Sublittoral zone 497
Submerged motor 47
Submerging 222
Submerging entry 221
Supralittoral or splash zone 497
Surf zone 331
Surface charts 169
Surfing beach system 331
Swash zone 334
Swim test 218
Symbiosis 475
Synthetic warps 126

T
T sig 342
Taxpayers 566
Technique 126
Tell tail 39
Temperature 172, 227
Tern 28
Territorality 494
Territory 494
Thallus 465
Thelycum 470
Thermocline 300
Thermometer 172
Thermostatically controlled
system 43
Third party, 23
Throttle 38
Thurman H 308
Thwart 12, 17
Tickels Marine 78, 79, 97
Tidal flows 134
Tidal streams 151
Tides 163
Time 341
Tissues and glands 247
Titration 355
Toilet facilities - and boats 133
Tonga 289
Tool kit 45
Topping up the electrolyte 205
Topsides 15
Tour boat operator 591
Tourist developer 594
Tourists 568
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Towing 114, 129
Trachea 251
Trade winds. 328
Traffic separation schemes. (Rule
10) 66
Trailer safety 24
Transceiver 191
Transceiver controls 194
Transit and deviation exercise 156
Transom 12, 16
Transverse faults 293
Treading water 218
Trenches 288
Trieste 289
Trim and tilt mechanism 39
Trophic levels 413
Troughs 163
Turbidity 388
Turning 112
Turning through 1800 in a narrow
channel 116
TV crew 590
Twelve Apostles 311
Type of propeller 110
Types of marine radio 192
Types of Rescue 265

U
Uncaring operations 260
Underwater
- rescues 266
- sciences 226
- slate 236
University students - whale bay
role play character 592
Upper mantle 286
Upthrust 228
Urgency signals 200
Urgency signals 131
Use and care of winches 114
Using a heliograph 84

V
V-shaped hulls 109
V-sheet 131
Values 569
Variables. 491
Variation 99, 155
Venetian Island 578
Ventilation 42
Vessel /s
- definitions (Rule 3) 66
- engaged in fishing 66
- giving way (Rule 16) 68
- not under command 66
- restrained by her draft 66
- restricted in her ability to manoeuvre 66
- underway 66
- in sight of one another 66
- constrained by their draft (Rule
28.) 73
- not under command or restricted
in their a 73

- towing or pushing (Rule 24) 70
VHF 190
VHF sets 193
Visibility
- 178
- of lights (Rule 22) 70
Vitreous humour 226
Volcanic activity 314

W
Warp 126
Warranty 23
Water
- cooled systems 43
- pump 43
- cycle 319
- entries 221
- ski signals 65
- skiing 130
- traffic regulations 64
Watershed 360
Wave/s 244, 324, 327, 341
- action 314
- bore 333, 334
- generator 342
- orbit 327
- patterns 330
- power 342
- set 326
- cut platforms 314
- and swell 109
- on open water 131
Weather 63, 168
- alert systems 179
- reports 179
- stations 178
- vane 176, 177
Weight belts 214
Weinhaupt 308
Western Australia coastline 316
Wet and dry bulb thermometers 172
Whale bay 587
Whale bay - role cards 588
Whale conservation society 595
Whaler real estate 592
Whaling 452
Why have regulations 66
Wildlife preservation society 595
Wilmont 308
Winches 114
Wind 169, 325
- over tide 134, 165
- speed 169, 176
- velocity 506, 513
Wing nuts. 39
Worm - food groove 529
WQI 364

Z
Zero crossing period
Zoe 470
Zonation 527
Zooplankton 400
Zooxanthellae 475

342
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Wet Paper
Wet Paper is a registered business partnership which
began publishing marine studies curriculum materials in
1987.
About the same time a set of curriculum materials was
commissioned by Dr. Fabian Fay, general manager of Sea
World Australia, for use by schools who visited Sea
World. From here educational consultancy work has
continued to expand.

ence, Snorkelling, Navigation, Barrier Reef and Coastal
Studies.
Exam questions by a team of practising expert teachers Dave Claridge, Geoff Jensen, Glen McIntosh, John
Maloney, Ward Nicholas, Alan Perry, Tim Ryan and
Geoff Waterhouse

Major consultancies now include

This book and recent consultancies has seen Wet Paper
employ consultants to write, edit, design student activities
and experiments to expand the capabilities of the firm.

Sea World's Project Neptune - 35 student projects for
Phase 2 and continued assistance to Jan Thornton's Phase
3 materials and lecture series.

Wet Paper receives no government grants and survives on
the successes of the curriculum materials and educational
consultancy work it continues to develop.

UNSECO - Marine Studies South Pacific Syllabus, inservice for teachers and workbook through Jakarta

Wet Paper prints and publishes in Australia and supports
all organisations in the Marine Education field. It employs
local artists, typesetters, marketing agencies, printers,
authors and consultants and is exporting curriculum materials in a small way.
Wet Paper specialises in the limited print run area. All our
computer publishing and printing equipment is in house,
making for a cost effective operation for the two full time
staff and consultancy team from a modern office and
extensive marine studies library.

Marine Studies
Publication commenced in June 1990 and was completed
in December of the same year. It represents the combination of all the Wet Paper books written by Bob Moffatt
from 1975 to 1991. Additional materials on Aquaculture
and Conservation were supplied by two of our consultancy
team and substantial criticism and rewriting of text occurred as a result of input from our other consultants and
visits to over 25 Queensland schools with numerous interstate phone calls. Marine Studies is the first attempt to put
together the complete subject between two covers and this
must be remember when using the materials. Marine
Studies was totally financed from sales of Wet Paper
Publications.

Gold Coast City Council Beach Education and Water
Conservation Education Program - working with local
schools to assist better understanding of local environmental issues.

Business partners
Paula Moffatt has a Bachelor of Arts from Queensland
University, a Diploma in Teaching, at present studying for
her Masters of Business Administration and has eight
years business and TAFE industry experience
Bob Moffatt has a Bachelor of Science and Diploma in
Education from Queensland University, a Graduate Diploma in Educational Administration from Mount Gravatt
University College of Griffith University, is a member of
the Australian College of Education and had 18 years
classroom experience and now works full time for Wet
Paper and part time for local univeristies with marine
studies courses.

Publications now include
Textbooks written in house - Classroom Navigation, The
Barrier Reef World, Snorkelling, Coastal Studies and
Marine Studies
Textbooks by another authors - Pollution - issues in Marine
Conservation (Tim Ryan).
Other Teachers Classroom notes - Boat Building Notes
(Bruce Heyer), Marine Engines, Car Care, Small Engines
(Jim Sheffield)
Workbooks and copyright free materials in Marine Sci610 Index

Bob and Paula 1992
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