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Queensland marine science syllabus guide

Unit 3 Marine systems connections and change
Topic 1: The reef and beyond

A. Coral reef distribution

T070 Identify reefs globally

Adam Richmond
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Syllabus statement
At the end of this topic you should be able to ...

Identify
the distribution of coral reefs globally and in Australia.
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Identify
-

distinguish;
locate, recognise and name;
establish or indicate who or what someone or something is;
provide an answer from a number of possibilities;
recognise and state a distinguishing factor or feature
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Objectives
1. On a map of the world, indicate where coral reefs
are distributed.
2. On a map of the east Australian coast, mark
where coral reefs occur.
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Watch this introductory YouTube video:
https://www.youtube.com/watch?v=GAyRBqKk3hk&feature=youtu.be

Queensland Australia: Great Barrier Reef.

YouTube video available: https://www.youtube.com/watch?v=GAyRBqKk3hk&feature=youtu.be
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Definition
A reef is a a ridge of
jagged rock, coral, or
sand just above or below
the surface of the sea.

Tuvarua Island, Fiji
Image : Tavyland [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)], from Wikimedia
Commons https://upload.wikimedia.org/wikipedia/commons/1/10/Tavarua_Island%2C_Fiji.JPG
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Coral reef distribution
Coral reefs are found in tropical and temperate waters.
Shallow water reefs are found between 30oN to 30oS of the equator to depths of 50 m.

Image: Public Domain, https://commons.wikimedia.org/w/index.php?curid=540031
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Coral reef locations
Coral reefs are distributed worldwide as shown in the illustration below.
Note that deep water corals occur at greater depths and colder temperatures at much higher
latitudes, as far north as Norway, but are not the focus of this unit.

Image: Public Domain CCBY NC SA. https://commons.wikimedia.org/w/index.php?curid=84687.
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The Great Barrier Reef
comprises
• over 2,900 individual reefs
and 900 islands stretching
for over 2,600 kilometres
from the northern most
tip to to just North of
Bundaberg.

Satellite image showing
the extent of the Great
Barrier Reef
Image: Envisat satellite [CC BY-SA 3.0-igo (https://creativecommons.org/licenses/by-sa/3.0-igo)], via Wikimedia Commons
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In Queensland, reefs are found as far North as the Torres Strait and the Gulf of Carpentaria.

Imagery Copyright CNES/Airbus,Data SIO, NOAA, US Navy, NGA, GEBCO, Landsat / Copernicus, TerraMetrics, Map Data, Copyright
GBRMPA. See terms https://www.google.com/intl/en_au/help/terms_maps/
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Thursday Island

By Original uploader was Frances76 at en.wikipedia - Transferred from en.wikipedia, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=3641575
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In Cairns they can be found around continental islands.

Islands off Cooktown have fringing reefs.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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They can also be
found offshore.

Note
Amazing images of
Queensland coastline
reef bathymetry can be
found at:www.deepreef.org

The content on this website is released under the Creative Commons Attribution 4.0
International Licence. © www.deepreef.org
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For example, Hastings Reef is set on the outer edge reef, about 30 nautical miles from Cairns.

Reefs off Cairns
Image Map data copyright 2019, GBRMPA, Google.
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“The reef itself spans a 10 square
kilometre patch of ocean,
encompassing a spectacular
collection of corals and wildly
exotic fish”
Cairns tourism.

Hastings Reef - Cairns
CedricLau [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]
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Reefs are also found offshore from Townsville. Here the continental
shelf widens so they are further out.

The content on this website is released under
the Creative Commons Attribution 4.0
International Licence. © www.deepreef.org
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Image Map data copyright 2019, GBRMPA, Google.
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Townsville
Queensland Tourism
describes Lodestone
Reef as “The most
dived reef in the
Townsville region …
and …is the closest of
all the outer reefs to
Townsville and
Magnetic Island.
A dive and snorkelling
boat runs day trips to
Lodestone, picking up
from Townsville and
Magnetic Island on the
way.”
Copyright Queensland Tourism Reproduced with permission
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As the continental shelf continues to widen, reefs are found
further out from the central Queensland coast.

The content on this website is released under
the Creative Commons Attribution 4.0
International Licence. © www.deepreef.org
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Whitsunday Islands
Hardy Reef, on the Great Barrier Reef off Airlie Beach, is home to the Reefworld Pontoon.

Image Map data copyright 2019, GBRMPA, Google.
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Hardy reef pontoon

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Copyright Great Barrier Reef Marine Park Authority. Reproduced with permission.
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Central Queensland
The continental shelf is
at its widest off the
coast in central
Queensland making the
outer reefs lying
between 120km and
250km offshore from St
Lawrence the most
eastern and southern
development of the
Great Barrier Reef.

The content on this website is released under the Creative Commons Attribution 4.0 International Licence.
© www.deepreef.org

Page 32

Rockhampton

Image Map data copyright 2019, GBRMPA, Google.
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View of mangrove forests and fringing reef
in North Keppel Island (Considine Beach).

Copyright Google, Data SIO, NOAA, US Navy, GEBCO,
Map data copyright GBRMPA

Image copyright Andrew Gill. Reproduced with permission.
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Reefs are found around islands just offshore. These are called fringing reefs which were
discussed last year in oceanography.

Humpy Island Great Keppel group

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Gladstone
Reefs can also be found offshore for example Heron Island - a coral cay located near the Tropic of
Capricorn in the southern Great Barrier Reef.

Heron Island - View of Island from helicopter
CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=49421
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Image Map data copyright 2019, GBRMPA, Google.
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Heron Island - View of Island from sea
Bob Moffatt
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Wide Bay and Bundaberg
This is where the Great Barrier Reef ends, however corals can exist much
further south.
Off Fraser Island
the continental
shelf retreats
towards the
mainland.

The content on this website is released under
the Creative Commons Attribution 4.0
International Licence.
© www.deepreef.org
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Lady Elliot Island is the southernmost coral cay of the Great Barrier Reef, Australia. It is part of the
Capricorn and Bunker Group of islands and is owned by the Commonwealth of Australia.

Imagery Copyright CNES/Airbus,Data SIO, NOAA, US Navy, NGA, GEBCO, Landsat / Copernicus, TerraMetrics, Map Data, Copyright GBRMPA. See terms
https://www.google.com/intl/en_au/help/terms_maps/
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The island is the southernmost coral cay of the Great Barrier Reef, Australia and
lies 46 nautical miles north-east of Bundaberg and covers an area of approximately
45 hectares.

Image Map data copyright
2019, GBRMPA, Google.
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South East
Queensland
Corals continue to
be found off
shore in South
East Queensland.

The content on this website is
released under the Creative
Commons Attribution 4.0
International Licence.
© www.deepreef.org
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Corals are also
found in Moreton
Bay.
There are
however no reefs,
like those found
on the Great
Barrier Reef, in
Moreton Bay.

Coral underwater near the wrecks at Moreton Island
Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Flinders Reef is a small
isolated reef near Moreton Island, 5
kilometres north-east of Cape
Moreton South East Queensland
“It has a high number of coral species
for any subtropical reef system along
Australia's east coast and is the
nearest true coral reef to Brisbane.
Flinders Reef is one of Queensland's
most popular dive sites.”
Tourism Queensland.
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However there are 120 species of corals found in Moreton Bay

Check out the CoralWatch website for more information about Moreton Bay corals:
https://coralwatch.org/index.php/ambassadors/corals-at-your-doorstep/
Images: © CoralWatch, June 2017. Photos: Cedric van den Berg, Monique Grol, Kyra Hay, Diana Kleine, Chris Roelfsema & CoralWatch
reproduced from: http://vm-203-101-224-174.qld.nectar.org.au/wordpress/wp-content/uploads/2018/12/MB-coral-ID-guide_2017.pdf

Page 45

Coal reefs are
also found much
further south.

Geoscience Australia

Lord Howe
Island corals and
algae
Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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The world’s Southernmost coral reef is at Lord Howe Island.

Reefs off Lord Howe Island

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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The coral
triangle
The coral triangle is a
geographical term so
named as it refers to
a roughly triangular
area of the tropical
marine waters.

Note
The world’s
Northernmost coral
reef is located in the
Korea Strait.

Image: Benutzer:Devil_m25 - Transferred from de.wikipedia to Commons.(Original text : selbst erstelltTopographische Karte:
http://www.shadedrelief.comAusdehnung: http://www.coraltrianglecenter.orgRiffe: http://www.coralreefinfo.comNationalerbesymbol:
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The coral triangle is recognised as the
global centre of marine biodiversity and
a global priority for conservation.
Organisations from around the world
seek to learn more and network each
other to conserve what is left of the
world’s coral reefs.
Why not do a google search and see
how many you can find?
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CoralWatch
CoralWatch is a not-for-profit
citizen science program based
at The University of
Queensland.
Coral Watch works with
volunteers worldwide to
increase understanding of
coral reefs, coral bleaching
and climate change.
See
https://www.coralwatch.org
Organisations such as CoralWatch monitor coral reefs
around the world
Image: NASA 2018 from https://www.coralwatch.org/web/guest/map
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The Great Barrier Reef
Marine Park Authority
GBRMPA webpage:
http://www.gbrmpa.gov.au/access-anduse/zoning/zoning-maps
The Queensland wide distribution or corals
is shown on this web page.
You can download a pdf to show you which
coral reef is nearest to you.

Zoning maps for the Great Barrier Reef
Image from: http://www.gbrmpa.gov.au/access-and-use/zoning/zoning-maps

Page 51

Eye on the Reef
GBRMPA’s Eye on the Reef Program is another citizen
science program on the Great Barrier Reef.

For further information
http://www.gbrmpa.gov.au/our-work/our-programsand-projects/eye-on-the-reef
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Reef Guardians
The Great Barrier Reef Marine Park
Authority's (GBRMPA) Reef
Guardian program recognises the
good environmental work
undertaken by communities and
industries to protect the Great
Barrier Reef.
The program has working closely for
many years with those who use and
rely on the Reef, or its catchment,
for recreation or business, to help
build a healthier and more resilient
Reef.
Copyright GBRMPA Historical photo circa 2012. Reproduced with permission.
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Further references
Catlin Seaview survey
http://catlinseaviewsurvey.com/
Reflections on surveying a reef (The Bahamas)
www.youtube.com/watch?v=E17IW_-jFN8&index=8&list=PLkiMwnddMBLWeB gCABQOudyTqka0q3cp&t=0s
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Worksheet
070
Formula for
life
by
Gail Riches
www.marineeducation.com.au
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T071 Coral geographic
distribution

Adam Richmond
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Syllabus statement
At the end of this topic you should be able to ...

Identify
abiotic factors that have affected the geographic distribution of corals over
geological time including …
• dissolved oxygen,
• light availability,
• salinity,
• temperature,
• substrate,
• aragonite and
• low levels of nitrates and phosphates.
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Identify
-

distinguish;
locate, recognise and name;
establish or indicate who or what someone or something is;
provide an answer from a number of possibilities;
recognise and state a distinguishing factor or feature
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Objective
Complete the following table to show you can
a. Identify factors the affect coral distribution and
b. How these factors may have changed over time
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Coral distribution
In 2004, a Worldwide Coral Reef Library was created in a partnership with NASA,
international agencies, universities and other organisations to provide natural resource
managers a comprehensive world data resource on coral reefs and adjacent land areas.
This is what they produced.

Geographical distribution of corals in 2005

Image :NASA, Public Domain CCBY NC SA. https://commons.wikimedia.org/w/index.php?curid=84687.
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Other sources of information on coral reef
distribution include web sites such as
Nature Education Knowledge
https://www.nature.com/scitable/knowledge/li
brary/coral-reefs-15786954
This article answers the question:What are the abiotic and biotic interactions
that structure this diverse ecosystem?

https://www.nature.com/scitable/knowledge/library/coral-reefs-15786954
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Coral reef history
Corals appeared 500 million years ago (MYA) in the
Cambrian period and have experienced several extinction
events.
These were most likely caused by 5 abiotic factors:
• Changes in ocean circulation caused by the break up of
Pangaea;
• Changes in sea level, due to ice ages and interglacial
periods;
• Changes in O2 and CO2 levels in the atmosphere, due
to volcanic activity or meteor impacts;
• Reduced sunlight caused by meteor impact;
• Global warming events.

Extinct rugose coral from 300 MYA
Image credit: By Wilson44691 - Own work, CC0,
https://commons.wikimedia.org/w/index.php?curid=28
878525
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Geographical distribution of corals
in the past
The illustration opposite shows
approximate periods of coral
presence in our geological history.
The web link below has accurate
information about coral reef
history, including extinction events.
http://globalreefproject.com/coralreef-history.php

Copyright Bob Moffatt.
May be used under Creative
Commons CC 4.0 BY-NC-SA
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In Unit 1 you learnt that Devonian reefs were similar to reefs of today.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA

What you did not learn was that there
were at least four mass extinction events
in the past 500 million years of evolution.

Photograph Copyright Viewfinder. Reproduced with permission.

Reference

https://en.wikipedia.org/wiki/Extinction_event
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Geikie Gorge is a
350 million year old
fossil reef.
The limestone has
been exposed by
erosion by the
Fitzroy River,
Western Australia
and contains
evidence of coral
mass extinction
events.

Geikie Gorge
Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Recent studies of fossilised coral reefs off the coast of Texas indicate that sea-level rise has
occurred in sharp bursts when glaciers melted, and not gradually. This has implications for
future sea-level changes.

Image from: Khanna, P., Droxler, A. W., Nittrouer, J. A., Jr, J. W. T., & Shirley, T. C. (2017). Coralgal reef morphology records
punctuated sea-level rise during the last deglaciation. Nature Communications, 8(1), 1046. doi:10.1038/s41467-017-00966-x

Reference: https://www.nature.com/articles/s41467-017-00966-x
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Abiotic factors
The survival, and thus distribution, of corals is controlled by:
•
•
•
•
•
•
•
•

1.
2.

Dissolved oxygen2
Light availability1
Salinity1
Temperature1
Substrate2 and sediment1
Seawater carbonate chemistry1 (Aragonite2)
Nutrients1 (nitrates and phosphates2)
Exposure, waves, tides and storms1

Sheppard, C., Davy, S., & Pilling, G. (2009). The biology of coral reefs. Oxford: Oxford University Press.
2. Marine Science 2019 v1.2 syllabus

Reference

https://scripps.ucsd.edu/projects/coralreefsystems/about-coral-reefs/biology-of-corals/
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Dissolved oxygen
All organisms require oxygen for respiration. Dissolved oxygen (DO) is the amount of O2
molecules in the water- not bonded to any other molecules (H2O doesn’t count!)
The amount of DO required varies
between species:
• active fish need higher levels (415mg/L) whilst benthic organisms
need less (1-6mg/L).
DO levels are affected by temperature,
pressure, salinity, photosynthesis and
respiration, depth, amount of mixing,
decomposition and eutrophication.

A fish kill caused by oxygen depletion
Image: United States Fish and Wildlife Service. [Public domain], via Wikimedia Commons
https://commons.wikimedia.org/wiki/File:Fish_kill_pollution.jpg#/media/File:Fish_kill_pollu
tion.jpg
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DO levels also fluctuate on a daily and seasonal basis.

You can read more at
http://www.fondriest.com/environmentalmeasurements/parameters/waterquality/dissolved-oxygen/
https://www.fondriest.com/environmentalmeasurements/parameters/waterquality/dissolved-oxygen/
There are some particularly useful graphs and figures.

Copyright Bob Moffatt. May be used under
Creative Commons CC 4.0 BY-NC-SA
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Most coral reefs occur in areas
with very low sea-surface
oxygen concentrations.
However, the DO levels tend to
stay high near coral reefs, due to
photosynthesis, eddies and
breaking waves.
Hypoxic (low O2) conditions
cause “dead zones”, which can
cause coral bleaching and death.

Dissolved oxygen levels at the Ocean’s surface
Image: Plumbago [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)], from Wikimedia Commons
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Light availability
Corals have a symbiotic relationship with
zooxanthellae, that provide up to 98%1 of a
coral polyp’s energy requirements.
As the zooxanthellae require light for
photosynthesis, corals are restricted to regions
where there is enough light.
The zone where there is enough light for
photosynthesis is the euphotic zone.

Zooxanthellae through a microscope
1.

Reid, C., Marshall, J., Logan, D. & Kleine, D.(2012). Coral reefs and climate change (2nd
ed.). St Lucia, Qld.: CoralWatch, University of Queensland.

Copyright Adam Richmond. May be used under Creative Commons CC
4.0 BY-NC-SA
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Most of their nutrients come from the zooxanthellae.
Like plants, zooxanthellae use the sun to make food for themselves and the
coral. This is why it is important for corals to live in clear, shallow waters
where they can get lots of sunlight. (GBRMPA)

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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In the tropics, sunlight reaches the ocean
surface at almost 90o, so more energy
penetrates the surface than at higher latitudes
where more energy is reflected due to sunlight
striking the surface at an angle.
Scientists use the term PAR (photosynthetically
available radiation) to describe the amount of
sunlight energy reaching the water surface.

Clear water allows light to penetrate further.
Photograph Copyright Viewfinder. Reproduced with permission.
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Light availability (and depth)
The depth of coral reef formation is
generally 30-50 m, but can be up to 75 m in
very clear water.
Corals may live at greater depths, but reef
development is unlikely as growth rates are
less than erosion.
It is important for corals to live in clear,
shallow waters where zooxanthallae can
get lots of sunlight.
• This tends to limits corals to shallow
depths as most reef building corals
occur in less than 25 m of seawater.

The intensity
of sunlight
decreases
with depth
Image by Byron Inouye
Copyright University of Hawaii. For private NC use only.
https://manoa.hawaii.edu/exploringourfluidearth/physical/ocean-depths/light-ocean
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Remember from Units 1 and 2
Turbidity reduces light penetration, which
restricts coral growth.
High sedimentation rates can also bury or
smother these sessile animals.
Turbidity NTU samples

Copyright WaterWatch Queensland. Reproduced with
permission.

Further reference

https://www.nature.com/scitable/knowledge/library/coral-reefs-15786954)
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Salinity
Most coral reefs occur in regions where salinity is stable and in the range of 34-36 ppt (Parts per
thousand).
Salinity fluctuations are commonly caused by heavy rainfall, cyclones and flood runoff. Low
salinity causes hypo-osmotic stress and causes tissue swelling, stops photosynthesis and can
cause coral bleaching.
Few species are tolerant of
salinity fluctuations, but more
are tolerant of gradual change.
Some coral species can survive
in salinities as low as 23 ppt or
as high as 42 ppt.
World salinities

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Corals, like most marine invertebrates,
are osmo-conformers • their tissues generally have the
same salt content as the
surrounding seawater, but
• they can adjust their water content
during salinity fluctuations.
Note:
Fish actively control the salt
concentration of their tissues.
Osmoregulation in a fish
Image: Kare Kare Creative commons CC3.0
https://en.wikipedia.org/wiki/File:Osmoseragulation_Carangoides_bartholomaei_bw_en2.
png#/media/File:Osmoseragulation_Carangoides_bartholomaei_bw_en2.png
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Temperature
The distribution of corals reefs is restricted to warm waters in the tropical zone near the
Equator.

This distribution is extended
by warm currents and
reduced by cold currents,
upwellings and river runoff
(eg. West coast of South
America and Africa)
The diversity of coral species
is higher in warmer waters,
and the number of species
present decreases toward the
poles.

Most corals occur within the 20oC isotherm (blue)
Image: Creative Commons https://commons.wikimedia.org/wiki/File:20_Grad_Isotherme.png#filelinks
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Low temperatures reduce coral
feeding and growth.
• Many corals cannot tolerate
water temperatures as low as
18oC or cold air temperatures.
• In cooler areas some corals
survive, but cannot form a reef.

Some corals can withstand
extremes as low as 16oC and as
high as 34oC, but most are found in
water 18oC- 30oC.

Photograph Copyright Viewfinder. Reproduced with permission.
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Coral reefs occur in water that is
already close to their upper
limits of heat tolerance.
• Increased water temperature
that is excessive or sustained
for too long can cause coral
bleaching.
• Corals can recover if
conditions return to normal
soon enough.
Image: CoralWatch, http://vm-203-101-224-174.qld.nectar.org.au/wordpress/wpcontent/uploads/2018/06/bleaching-processes.jpg

Read more about coral bleaching on the
CoralWatch website here:
https://coralwatch.org/index.php/about/coral-bleaching/
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Substrate and sediment
Coral larvae (planulae) and need a hard substrate on which to attach and grow.
• They will not settle on sand or on substrates covered in bacterial slime.
• Adult corals can remove sediment but it uses energy, and blocks light for photosynthesis.

YouTube video by Reef Patrol,
available at:
www.youtube.com/reefpatrol"

How and why do some corals “sneeze”?
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Muddy areas, such as those found in the
inshore coastal zone, are unsuitable as the
water is too turbid, and the sediment too soft.
• Coarse grained sandy areas are also
unsuitable as the sediment is washed
about by waves and currents and can bury
corals.
Research into artificial substrates used for
coral reef restoration is investigating
• Physical factors such as:• Composition, texture, colour,
AND
• Chemical and design factors such as
• profile, shelter, shading, size, and
stability.1

Coral nubbins planted in non-toxic cement
Image: Profmauri [CC BY-SA 3.0 (https://creativecommons.org/licenses/bysa/3.0)], from Wikimedia Commons

1. Spieler, R., Gilliam, D., & Sherman, R. (2001). ARTIFICIAL SUBSTRATE AND CORAL REEF RESTORATION:WHAT DO WE NEED TO KNOW TO KNOW WHAT WE NEED.
BULLETIN OF MARINE SCIENCE,, 69(2):), 1013–1030,.
CC 4.0 Retrieved from:
https://www.researchgate.net/publication/233650162_Artificial_substrate_and_coral_reef_restoration_What_do_we_need_to_know_to_know_what_we_need
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Aragonite
Calcium carbonate (CaCO3) crystals can
have several different forms.
Reef building corals deposit CaCO3 in the
form of aragonite.
Other marine organisms such as pteropods,
macroalgae and molluscs also deposit
aragonite.
Crystal structure of aragonite and calcite
Others, such as calcareous algae,
echinoderms, crustaceans and forams
deposit CaCO3 as calcite. Aragonite
structure is stronger and more resistant to
stress.

Image from: Soldati, A. L. et al. Element substitution by living organisms: the case of manganese in
mollusc shell aragonite. Sci. Rep. 6, 22514; doi: 10.1038/srep22514 (2016). CC 4.0 BY NC SA
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If the carbonate saturation state is too low (there is not
enough CaCO3 dissolved in the seawater), carbonate
remains in solution and cannot be deposited.
Aragonite saturation (Ωarag) depends on the
concentrations of Calcium Ca2+ and Carbonate CO32ions.
Aragonite saturation has at least the same impact on
coral reef distribution as temperature.1

1. Kleypas, J., Mcmanus, J., &, Menez , L. (1999). Environmental Limits to Coral Reef Development:
Where Do We Draw the Line?. American Zoologist, 39(1), 146-159. doi: 10.1093/icb/39.1.146
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Nitrate and phosphate levels
Nitrogen (N) and phosphorus (P) are
essential nutrients for primary
productivity by corals, macroalgae and
seagrass.
• Coral reefs exist in very nutrientpoor water, yet support very high
levels of primary productivity. This
is possible due to highly efficient
recycling of nutrients.
• Corals can tolerate higher nutrient
levels, but increased nutrients
increase macroalgae and
phytoplankton growth, which in turn
compete for space and light with
A coral reef overgrown with algae
coral.
Image: J Davidson. Copyright Commonwealth of Australia (GBRMPA) 125903
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Suitable reef habitat
flow chart
A flow chart presented by Guan Y,
Hohn S, & Merico A (2015)
T = temperature
S = salinity
N = nitrate
P = phosphate
Ω = aragonite
Z= depth (based on light intensity)
Can you use the chart to predict
whether an area near you is a
suitable reef habitat?
Guan Y, Hohn S, Merico A (2015) Suitable Environmental Ranges for Potential Coral Reef Habitats in the
Tropical Ocean. PLoS ONE 10(6): e0128831. doi:10.1371/journal.pone.0128831 CC 4.0 BY NC SA
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This flow chart works from the
top:
Is temperature in the acceptable
range?
Yes- go to salinity,
No- unsuitable habitat

Guan Y, Hohn S, Merico A (2015) Suitable Environmental Ranges for Potential Coral
Reef Habitats in the Tropical Ocean. PLoS ONE 10(6): e0128831.
doi:10.1371/journal.pone.0128831 CC 4.0 BY NC SA
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Abiotic statistics from coral reef communities
A summary

Kleypas et al defined the
environmental tolerance limits
of coral reef distribution.

Table, after:
Kleypas, J., Mcmanus, J., &, Menez L. (1999). Environmental
Limits to Coral Reef Development: Where Do We Draw the
Line?. American Zoologist, 39(1), 146-159. doi:
10.1093/icb/39.1.146 CC 4.0 BY NC SA
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Video review
Environmental requirements for carbonate coral reefs
https://www.youtube.com/watch?v=de8RASG5WQU

UQ x TROPIC101x 2.2.4 Environmental requirements for carbonate coral reefs
YouTube video available: https://www.youtube.com/watch?v=de8RASG5WQU
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Extension
Study the graphs below.
How can you tell that oxygen depends on salinity and temperature?

Guan Y, Hohn S, Merico A (2015) Suitable Environmental Ranges for Potential Coral Reef Habitats in the Tropical Ocean.
PLoS ONE 10(6): e0128831. doi:10.1371/journal.pone.0128831 CC 4.0 BY NC SA
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Worksheet
071a
Paleoperspectives
by
Gail Richie
www.marineeducation.com.au
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Worksheet
071b
What is
aragonite?
by
Gail Richie
www.marineeducation.com.au
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T072 Coral geological record

Adam Richmond
Page 95

Syllabus statement
At the end of this topic you should be able to ...

Recall
that corals first appeared within the geological record over 250 million years
ago but not in Australian waters until approximately 500 000 years ago.
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Recall
- remember;
- present remembered ideas, facts or experiences;
- bring something back into thought, attention or into one’s mind
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Objectives
Either
In a conversation, recall
• when Scleractinian corals first appeared in the geological record and
• when corals reefs appeared in Australian waters.
OR
On a multiple choice test question, recall when corals first appeared
• on Earth and
• in Australia

Page 98

Coral timeline
Geological records show when corals first appeared on Earth

Image credit: https://i2.wp.com/upload.wikimedia.org/wikipedia/en/timeline/2660254dde951a41506bd0471480c622.png?zoom=2
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Two excellent figures showing the divergence of animal life and corals can be
found at
https://www.researchgate.net/publication/51830168
The_Cambrian_Conundrum__Divergence_and_Later_Ecological_Success_in_th
e_Early_History_of_Animals/figures?lo=1
A high res version is available here:
http://science.sciencemag.org/content/sci/suppl/2011/11/22/334.6059.1091.D
C1/Erwin.SOM.pdf
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Geological
record
Stratigraphy is a branch
of geology that
examines layers of rock
(or strata).

Fossils in a devonian reef in
Northern Territory
Copyright Bob Moffatt. May be used under
Creative Commons CC 4.0 BY-NC-SA
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The relative age of rocks and
fossils can be determined by their
placement in these strata.
Radiometric dating can determine
the absolute age of strata by
measuring the amount of
radioactive isotopes (such as
carbon dating).

What period was it 200 million years ago?
What period came before the Holocene?
When was the PT gigantic extinction?
Artwork: reproduced with permission © Ray Troll 2019
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An evolutionary tree of Marine life

Download the full text article
featuring this image here:
http://faculty.jsd.claremont.e
du/dmcfarlane/bio145mcfarla
ne/PDFs/cambrian%20conund
rum.full.pdf

Copyright: From [Erwin, D., Laflamme, M., Tweedt, S.,
Sperling, E., Pisani, D., & Peterson, K. (2011). The Cambrian
Conundrum: Early Divergence and Later Ecological Success in
the Early History of Animals. Science, 334(6059), 1091-1097.
doi: 10.1126/science.1206375]. Reprinted with permission
from AAAS. PAID.
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Use the downloaded image to study this graphic carefully.
Can you locate when the coral - Acropora appeared on Earth?

Copyright. From [Erwin, D., Laflamme, M.,
Tweedt, S., Sperling, E., Pisani, D., &
Peterson, K. (2011). The Cambrian
Conundrum: Early Divergence and Later
Ecological Success in the Early History of
Animals. Science, 334(6059), 1091-1097.
doi: 10.1126/science.1206375]. Reprinted
with permission from AAAS. PAID.
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The Great Barrier Reef is relatively young at 500,000 years.
When reef-building corals evolved, Australia was part of
Gondwanaland, in waters too cold for coral reefs.
While corals have existed on the Great Barrier Reef for as long
as 25 million years, they didn’t form large structured reefs like
those we see today.
The earliest record we have of complete reef structures (like
those we see today) is from 600 000 years ago. 2
Gondwanaland 200 mya
Based on deep drilling samples, the best estimate for the
timing of the onset of full reef conditions at the Northern
section of the Great Barrier Reef (Ribbon Reef 5 ) is 600 +/280 thousand years 3.

Image: User:LennyWikidata [CC BY 3.0
(https://creativecommons.org/licenses/by/3.0)], via
Wikimedia Commons

2 Great Barrier Reef Marine Park Authority (2006). "A "big picture" view of the Great Barrier Reef" (PDF). Reef Facts for Tour Guides. Accessed:
https://web.archive.org/web/20070620013057/http://www.gbrmpa.gov.au/__data/assets/pdf_file/0017/12437/Reef-Facts-01.pdf
3. International Consortium for Great Barrier Reef Drilling. (2001). New constraints on the origin of the Australian Great Barrier Reef: Results from an international project of
deep coring. Geology, 29(6), 483-486. doi: 10.1130/0091-7613(2001)029<0483:ncotoo>2.0.co;2

Page 105

Corals also suffered a series of
mass extinctions as shown in
the diagram opposite.
You can read more in the
Global reef project article at
http://globalreefproject.com/c
oral-reef-history.php

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Worksheet
072
Written in
Stone
by
Gail Riches
www.marineeducation.com.au
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T073 GBR and sea level change

Adam Richmond
Page 109

Syllabus statement
At the end of this topic you should be able to ...

Recognise
that the Great Barrier Reef of today has been shaped by changes in sea
levels that began over 20 000 years before present (BP) and only
stabilised 6500 years BP.
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Recognise (e.g. features)
- identify or recall particular features of information from knowledge;
- identify that an item, characteristic or quality exists;
- perceive as existing or true; be aware of or acknowledge
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Objectives
In a sentence,
• Recall key dates when sea level change occurred on the
Great Barrier Reef.
• Use a set set of diagrams to show how sea level
changes shaped the Great Barrier Reef.
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65 million years of climate change
The Earth has been gradually cooling by about 20oC in polar regions for the
past 65 million years with lots of fluctuations.

Thermal
maximum

Image: Robert A. Rhode, Global warming Art project. CC 3.0 , BY NC SA
https://upload.wikimedia.org/wikipedia/commons/1/1b/65_Myr_Climate_Change.png
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450 thousand years of ice ages
The Earth has also been subject to a series of ice ages over the past 450,000 years.

Image: Robert A. Rhode, Global warming Art project. CC 3.0 BY NC SA
https://upload.wikimedia.org/wikipedia/commons/f/f8/Ice_Age_Temperature.png
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Global temperatures and sea level
This graph of temperature, CO2 concentration and sea level, clearly shows the correlation
between sea level and global temperature.

Image: Courtesy www.johnenglander.net - Creative Commons 3.0 BY SA
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When temperatures increase, polar ice stores melt, and sea levels rise.
Sea levels have oscillated several times by approximately 100 metres.

The Sydney harbour bridge is about 100 meters high

By Adam.J.W.C. - Own work, CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=5846929
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There are some sea level
experiments that you
can try that demonstrate
the effect melting land
and sea ice and thermal
expansion causing sea
level rise.

Experiments:
https://www.jpl.nasa.gov/edu/teach/act
ivity/whats-causing-sea-level-rise-landice-vs-sea-ice/
https://www.jpl.nasa.gov/edu/teach/act
ivity/thermal-expansion-model/

Modelling melting sea-ice

Measuring thermal expansion

Copyright Adam Richmond . May be used under Creative Commons CC 4.0 BY-NC-SA
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140 thousand years of sea level change
Sea levels dropped by 120 metres as ice accumulated up until the last glacial
maximum 20 000 years ago (A)
During the last 20 000 years
melting ice has increased
sea levels by 10-45mm per
year (B)
Sea levels have been
relatively stable for the last
7-8000 years (C)

Image: Rise and fall of sea level in Nauru area over a nodal cycle
Figure on ResearchGate.
Available from:
https://www.researchgate.net/figure/Sea-level-changes-overthe-last-140-thousand-years-CSIRO-2010_fig2_262962940
Modified with letters.
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Australian sea levels rose an
extra 1-3 m 7000-2000 years
ago due to the extra weight of
water on the continental shelf.

Questions:
What were sea levels 20 000
years ago?
60 000 years ago?

Reference:
https://coastadapt.com.au/how-climate-and-sea-level-have-changedover-long-term-past
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Watch this
The end of second Ice age almost
fatal to Great Barrier Reef.

Video link:
https://www.youtube.com/watch?v=5s3bqYv
NxIo&feature=youtu.be
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Sea level
changes and the
Great Barrier
Reef
Coral started to grow on the continental
shelf off the Australian coast 18 million
years ago, as Northern Australia was warm
enough for corals to grow.
Southern reefs may be as young as 2
million years old.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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As sea levels gradually rose, corals
were able to keep up with rising
sea level.
Inland mountains and hills
became continental islands, where
fringing reefs grew.

Illustrations by Bob Moffatt, based on original drawings by GBRMPA

Magnetic Island is an example of a
continental island, 8 km off the coast
of Townsville.
Image: eyeintim [CC BY 2.0 (https://creativecommons.org/licenses/by/2.0)], via Wikimedia Commons
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Ice ages caused sea levels to drop, exposing the
limestone reef skeleton to erosion by wind and
weather.
Rivers moved sediment and carved
depressions, sinkholes and caves.

As sea levels rose again, new corals settled on
the skeletons of old ones and grew.
Mountains became islands and smaller hills
became patch reefs.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0
BY-NC-SA
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The last 20 000 years
The most recent ice age was ending 20 000
years ago.
Sea levels were at their lowest (Glacial
maximum) approximately 18 000 years
ago, at 120 metres lower than they are
today.
Beaches would have looked much the
same as they do today, but would have
been further offshore- eg Townsville would
have been 70 km from the beach.
Gunggandji people could have walked to
Green Island and Fitzroy island from where
Cairns is today.
Image: Patrick Nunn. Professor Geography, University of the Sunshine Coast.
Reproduced with permission.

Page 124

Reference - see also
http://shodhganga.inflibnet.ac.in/bitstream/10603/22058/6/ch-2.pdf for a thorough account
https://www.aims.gov.au/docs/projectnet/how-the-gbr-twenty-thousand.html

Patrick D. Nunn, Nicholas J. Reid. Aboriginal Memories of Inundation of the Australian Coast
Dating from More than 7000 Years Ago. Australian Geographer, 2015; 1
DOI: 10.1080/00049182.2015.1077539

HINT
If you see a DOI, you can paste it directly into your web browzer
DOI: 10.1080/00049182.2015.1077539
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Since the last ice age sea levels have risen quite
rapidly (in geological time). Coral were mostly
able to keep up by growing upwards and
landwards.
Several melt water pulses (MWP) occurred,
when glaciers melted and sea levels rose faster
than corals could grow, contributing to 5 reefdeath events.
Sea levels have been relatively stable for the last
6500 years.
Erosion and sediment deposition has led to the
development of extensive reef flats and lagoons
as seen on the current day Great Barrier Reef.
Reference

https://www.abc.net.au/news/science/2018-05-29/great-barrier-reef-coraldeath-event-climate-change-sea-levels/9801634
For a supporting article.

Sea levels over the past 20 000 years
Image: Courtesy NASA
Retrieved: https://www.giss.nasa.gov/research/briefs/gornitz_09/slr.jpg
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Watch the summary video

https://www.youtube.com/w
atch?v=PmRk4sMlFBE
Creative Commons
Attribution license

UQ x TROPIC101x 2.3.0 A look back in time.
YouTube video available : https://www.youtube.com/watch?v=PmRk4sMlFBE
Creative Commons Attribution license
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Further reading

Image and text from: https://theconversation.com/ancient-aboriginal-stories-preserve-history-of-a-rise-in-sea-level-36010

Check out this fully reproducible article from The Conversation:

https://theconversation.com/ancient-aboriginal-stories-preserve-history-of-a-rise-in-sea-level-36010
http://tinyurl.com/k63anzm
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Worksheet
073
20,000 years
ago
by
Gail Riches
www.marineeducation.com.au
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T074 Reef structures

Adam Richmond
Page 130

Syllabus statement
At the end of this topic you should be able to ...

Recall
the different types of reef structure
(e.g. fringing, platform, ribbon, atolls, coral cays).
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Recall
- remember;
- present remembered ideas, facts or experiences;
- bring something back into thought, attention or into one’s mind
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Objectives
1. Complete a table, recalling key characteristics, drawing a diagram and
giving an example of the following reef structures.
• Fringing
• Platform
• Ribbon
• Atolls
• Coral cays
2. Identify each of the above from a series of photographs.
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Types of coral reefs
Coral scientists recognise four main types of coral reefs: fringing reefs, barrier reefs, atolls,
and platform reefs.

Bob Moffatt

Page 134

Barrier reefs
Barrier reefs are formed away from the
land, and are separated by a lagoon that
is deep enough for navigation.
Barrier reefs are usually roughly parallel
to the shore.
Bob Moffatt (After Normann Z [Public domain], via Wikimedia
Commons)

Images: Jumbo Aerial Photography, Copyright Commonwealth of
Australia (GBRMPA)
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Barrier reefs can form as a
fringing reef extends away
from the shore, and the
mainland subsides.
The barrier reef in New
Caledonia is the longest
continuous barrier reef in the
world and is the second
largest after Australia’s Great
Barrier Reef.

Northern tip of Grande Terre,
New Caledonia
Image: the Enhanced Thematic Mapper Plus on NASA’s Landsat 7 satellite, Jesse
Allen, Michon Scott. [Public domain], via Wikimedia Commons
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Aerial view of Hook Reef
Images: Jumbo Aerial Photography, Copyright Commonwealth of Australia (GBRMPA)
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Ribbon reefs
Sometimes barrier reefs contain
Ribbon reefs.
These are long winding reefs that grow
along the edge of the continental shelf,
are usually 300-500 m wide from
seaward side to lagoonward edge.

Bob Moffatt

Coral Expeditions
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Strong currents cause the ends of ribbon reefs to curve back, giving the
ribbon reef a crescent shape.

Ribbon Reef No 7 Copyright Commonwealth of Australia (GBRMPA) Photographer: L. Zell Image 136393
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Fringing reefs
There are six different major ways in which fringing reefs grow and
develop.[1].
They can;
1. develop vertically as far as the space below the surface allows.
2. expand seaward from the shore.
3. grow atop muddy sediments
4. form in a gradual, sporadic manner, with alternate vertical and horizontal
growth episodes.
5. develop when an offshore reef grows to sea level forming a barrier.
6. form their barrier using storms to move coral and other debris inwards.

Reference
https://en.wikipedia.org/wiki/Fringing_reef
[1]. Kennedy, D.M. and Woodroffe, C.D. 2002.Fringing reef growth and morphology: a review. Earth-Science Reviews. 57:255-277.

Page 140

Structure
There are two main components that make up
a fringing reef, the reef flat and the reef slope.
Reef flat (back reef)
Reef slope (fore reef)
These are discussed in the next topic.

Public Domain,
https://commons.wikimedia.org/w/index
.php?curid=425699
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Fringing reefs can grow
around continental
islands, with a reef flat
that extends to the
beach.

Bob Moffatt (After Normann Z [Public domain], via Wikimedia Commons)

Page 142

Lizard Island is a good example of a fringing reef.

Lizard Island

By Emily Cox [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)], from Wikimedia Commons
https://commons.wikimedia.org/wiki/File:Lizard_Island_Reef.jpg
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760 of the 3400 individual
reefs on the Great Barrier reef
are fringing reefs.
The reef flats seen today
started growing 6000 years ago
when sea levels stabilised.
The fringing reef at ‘Eua Island,
Tonga (right) is largely exposed
at low tide.

Image: Adam Richmond
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Platform reefs
Platform reefs grow on the continental shelf where the
seabed rises close enough to the surface. They are flat
topped and have very shallow lagoons
They can vary greatly in size and shape, but are
commonly oval or elongated.
They may be completely submerged, or may support
coral cays.

Bob Moffatt (After Normann Z [Public domain], via Wikimedia
Commons)
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Project Reef Ed 1988. Copyright GBRMPA, reproduced with permission.

Heron Island - View of
Island from helicopter
and in cross section

CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=49421
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Heart reef is a 14 m wide
patch reef located within
Hardy Reef, Whitsundays.

Heart reef
Image: J. Johnson, Copyright Commonwealth of Australia (GBRMPA) 132283
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Coral cays
Sometimes sand accumulates on a platform
reef to form a coral cay.
A coral cay is an island formed on top of a
coral reef that contains no continental rocks.
Waves and wind move sediment to a
particular part of the reef.
Larger coral boulders and rubble remain on
the windward side, whilst smaller debris is
moved to the leeward side.
An unvegetated coral cay
Image: J. Jones, Copyright Commonwealth of Australia (GBRMPA) 131017
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The shape and position of coral
cays changes with wind and
weather.
Sediment eventually forms
beach rock, birds introduce
guano and pioneering plants
that help stabilise the cay.

Lady Elliot Island is the
Southernmost coral cay
on the Great Barrier Reef.
Image: LordDimwit at English Wikipedia [Public domain], from Wikimedia Commons
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You would have studied this last year.

Bob Moffatt and Viewfinder
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Atolls
Atolls or atoll reefs are barrier reefs that form a partial or complete barrier around a lagoon
without an island.

Bora Bora has been described as an “almost atoll”
because it still has an island in the centre.

Nukuoro atoll in Polynesia, viewed from space.

Bora Bora image: NASA Johnson Space Center [Public domain], via Wikimedia Commons

Image: NASA/Johnson Space Center, Image Science & Analysis Laboratory [Public domain],
via Wikimedia Commons
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By Borabora.jpg: User:Taka-0905derivative work: Marsilio (talk) - Borabora.jpg, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=7012221
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Atoll formation
You can see this at
http://www.oceanservice.noaa.gov/education/kits/corals/media/supp_coral04a.html

As this animated gif shows, atolls are usually
formed from a fringing reef around a
volcanic island.
This process would normally take up to 30
million years!
Some atolls may have formed by sea levels
rising rather than island sinking.

Animation from: http://www.oceanservice.noaa.gov/education/kits/corals/media/supp_coral04a.html in the public domain on Wikipedia at
https://en.wikipedia.org/wiki/Coral_reef#/media/File:Coral_atoll_formation_animation.gif
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Charles Darwin described fringing
reefs, barrier reefs and atolls.
Darwin’s theory begins with a
volcanic island that becomes
extinct.

A fringing reef begins to grow in
the shallow waters surrounding
the island. The island begins to
erode and subside.

Images: Susan Mayfield and Sara Boore, modified by Eurico
Zimbres
http://commons.wikimedia.org/wiki/Image:Atoll_forming.jpg
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Over time, the island subsides and
erodes further, whilst the fringing reef
grows.
A lagoon develops between the island
and the outer edge of the fringing reef,
which becomes a barrier reef.

The island eventually sinks below sea level.
The barrier reef becomes an atoll enclosing
a central lagoon.

Images: Susan Mayfield and Sara Boore, modified by Eurico Zimbres
http://commons.wikimedia.org/wiki/Image:Atoll_forming.jpg
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Image: P. Koloi, Copyright Commonwealth of Australia (GBRMPA) 133668
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Platform reef with coral cay
and fringing reef.

Image: P. Koloi, Copyright Commonwealth of Australia (GBRMPA) 133668
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Image: Jumbo Aerial Photography, Copyright Commonwealth of Australia (GBRMPA)
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Barrier reef, with platform reefs
and lagoon visible behind

Image: Jumbo Aerial Photography, Copyright Commonwealth of Australia (GBRMPA)
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Image: Jumbo Aerial Photography, Copyright Commonwealth of Australia (GBRMPA)
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Platform reef, with barrier reef and
open ocean visible behind.

Image: Jumbo Aerial Photography, Copyright Commonwealth of Australia (GBRMPA)
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Top left GBRMPA, Top right Bob Moffatt , Bottom left Sam Watson, Bottom right https://commons.wikimedia.org/w/index.php?curid=7012221
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Fringing reef around a continental
island.

Fringing reef around coral
cay.

Barrier reef.

Atoll.

Top left GBRMPA, Top right Bob Moffatt , Bottom left Sam Watson, Bottom right https://commons.wikimedia.org/w/index.php?curid=7012221
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Worksheet
074
Coral Necklaces
and Ribbons
by
Gail Richie
www.marineeducation.com.au
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T075 Reef cross-section zonation

Adam Richmond
Page 166

Syllabus statement
At the end of this topic you should be able to ...

Recognise
the zonation within a reef cross-section
(e.g. reef slope, reef crest/rim, lagoon/back reef).
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Recognise (e.g. features)
- identify or recall particular features of information from knowledge;
- identify that an item, characteristic or quality exists;
- perceive as existing or true; be aware of or acknowledge
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Objectives
TO
Label a diagram of a reef cross-section, identifying the reef slope, reef crest (rim) , reef flat,
lagoon (back reef)
AND
Recall key characteristics of each zone.

Reef habitats from beach to ocean
Image: CoralWatch, Healthy Reefs - from Polyp to Policy p23
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Copyright GBRMPA Project Reef Ed 1988. Reproduced with permission
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Introductory video:
https://www.youtube.com/watch?v=1wMrB37_GvI
See
https://www.livingoceansfoun
dation.org/education/portal/co
urse/reef-zonation/#reefzones-I
for a whole unit on coral reef
zonation
by Khaled bin Sultan Living
Oceans Foundation
Coral Reef zones
CC 4.0 BY SA Khaled bin Sultan Living Oceans Foundation, YouTube video available: https://youtu.be/1wMrB37_GvI
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Coral reef zones
Look at the image below. How many different zones can you see?

Agincourt reef
Image: L. Zell Copyright Commonwealth of Australia (GBRMPA) 135111
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As you learnt previously*, abiotic factors, such as depth, temperature, light intensity, wave
action and tidal range change in different sections of the reef.
These parameters cause distinct zones, each containing organisms that are particularly
adapted to those conditions.

Cross section showing coral forms in each zone
Image: Reza, Akbar & Sancayaningsih, Retno. (2017). Diversity, Distribution and Abundance of Scleractinian Coral in District-based Marine Protected Area Olele, Bone
Bolango, Gorontalo - Indonesia. KnE Life Sciences. 3. 14. 10.18502/kls.v1i1.683. CC 4.0 BY SA

* T071 Coral geographic distribution
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Each type of reef has different patterns of zonation due to these abiotic factors.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Fringing reef zones
A fringing reef has three main zones:
1. Inner reef or reef flat, inside the reef
crest
2. Reef crest
3. Outer reef (or reef front or fore reef) is
on the oceanic side of the reef crest

A fringing reef does not usually
have a lagoon or a back reef.
Image: https://upload.wikimedia.org/wikipedia/commons/1/11/Coral_reef_diagram.jpg
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The shape and size of corals varies in these zones.
Outer reef

Reef crest

Image: Ktopke, http://www.coastalwiki.org/w/images/f/f7/Zonation_coral_reefs.jpg. Modified showing reef crest.

Inner reef
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Reef flat
The reef flat is the zone closest to
land on a fringing reef, and on the
inshore side of a reef crest on a
barrier reef, or atoll.

Low growing branching corals
on Green Island reef flat.
Image: A. Elliott, Copyright Commonwealth of Australia (GBRMPA) 123308
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Barrier reef zones
Barrier reefs are separated from land by a lagoon.
• On the landward side of the reef crest is the back reef.
• The reef front is on the oceanic side of the reef crest.
Barrier reefs can have a reef flat between the back reef and reef crest

Image: CoralWatch, Healthy Reefs - from Polyp to Policy p23. Reproduced with permission.
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Atoll reef zones
Reef flats are found on the oceanic side of land. The reef front is found on the outer, oceanic side
of the atoll. There can be a back reef on the inner part of the atoll that slopes into a lagoon.

Bikini Atoll nuclear test site, showing zones on an atoll
Image: Ron Van Oers [CC BY-SA 3.0-igo (https://creativecommons.org/licenses/by-sa/3.0-igo)], via Wikimedia Commons
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Reef flats are shallow and are often exposed to air at low tide.
• Coral growing above this height die.
• This leads to the flat surface.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA Lady Elliott Island
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Reef flats are protected from strong waves and currents by the reef crest.
• By being close to shore, reef flats are affected by sediments and fresh
water runoff.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA Heron Island
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Reef flats often contain patches of sand, rubble and living and dead corals, of
relatively few species.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA Lady Elliott Is
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Reef flats however are home to the highest diversity of species,
including crabs, oysters, clams and worms.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA Lady Elliott Is.
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Lagoon
The lagoon is a relatively
deep (deep enough for
boats to safely travel)
body of water between a
barrier reef and the
shore, or within an atoll.
The lagoon is protected
from strong waves and
currents by the reef crest,
and usually have a soft
sediment.
Seagrass beds and
platform reefs grow in
shallow sunlit areas.
Yachts anchored in the lagoon of Lady Musgrave Island
Image: L. Zell, Copyright Commonwealth of Australia (GBRMPA) 118362

Page 184

Back reef
The back reef slope can be shallow or
steep, where the lagoon floor slopes
upwards on the shoreward (leeward)
side of the reef crest of a barrier reef
or atoll.
The back reef is protected from
strong waves and currents by the reef
crest, but waves move lots of
sediment down the slope.
Higher turbidity means less species
diversity.
The back reef at Bowl Reef can be
seen behind the waves breaking as
they wash into the bommie-filled
lagoon.

Image: R. Kenchington, Copyright Commonwealth of Australia (GBRMPA) 136528
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Reef crest
The reef crest is the shallowest part
of the reef and are often exposed to
air at low tide.
Reef crests are fully exposed to
from strong ocean waves and
currents.
Areas with strong wave action may
have an algal ridge; where coralline
algae cement rubble and fragments
together.
Strong, encrusting or short, stubby
corals are common here.
Reef crest on Lady Elliot Island reef
Image: M. Simmons, Copyright Commonwealth of Australia (GBRMPA) 119758
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Coral growth and other
marine life is most luxuriant
near or just below the reef
crest.

Photograph Copyright Viewfinder. Reproduced with permission.
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Reef slope
The reef slope or reef front is on the seaward side
of the reef crest. The reef slope has the largest
coral colonies and is home to many fish. The
highest coral diversity is found between 5-20
metres.
Strong currents and wave action provide water
circulation and supply nutrients and zooplankton.
This high energy water flow creates spur and
groove ridge formations.

Spur and groove formations at Wistari Reef
Image: L. Zell, Copyright Commonwealth of Australia (GBRMPA) 135858

Copyright Commonwealth of Australia (GBRMPA) 124575
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Profile of a reef slope
movie
YouTube
UQ ED X video reference:
https://www.youtube.com/watch?v=PWS
nmxwBvs8&index=16&list=PLc5Eea_1bwDmRNmcy_rTSl9bw_7AHlWE&t=0s

https://www.youtube.com/watch?v=PWSnmxwBvs8&index=16&list=PLc5Eea_1bwDmRNmcy_rTSl9bw_7AHlWE&t=0s
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Worksheet
075
Zone it
by
Gail Riches
www.marineeducation.com.au
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Queensland marine science syllabus guide

Unit 3 Marine systems connections and change
Topic 1: The reef and beyond

B. Coral reef development
Page 192

T076 Coral groups

Adam Richmond
Page 193

Syllabus statement
At the end of this topic you should be able to ...

Recall
the following groups of coral: Alcyonacea ‘soft corals’
and
the two morphological groups within Scleractinia ‘hard corals’
• reef-forming/ hermatypic and
• non-reef forming/ ahermatypic
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Recall
• remember; present remembered ideas, facts or
experiences;
• bring something back into thought, attention or
into one’s mind
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Objectives
To recall
• the main groups of corals.
• two main types of hard corals.
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Coral classification
There is a multitude of different kinds of coral on the Great Barrier Reef, including
hundreds of species of both hexacorals (hard corals) and octocorals (sea pens, blue
corals, soft corals and sea fans).
Hard corals
(Hexa = 6)

Soft corals
(Octo = 8)

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Hard corals can be further separated into two subgroups1.
• The zooxanthellate (reef-building or hermatypic)
• corals are ones that depend
on zooxanthellae algae for nutrients.
• they are shallow water corals having a major
reef-building function and are generally found in
clear water less than 50 metres deep as the algae
need light for photosynthesis.
• The azooxanthellate (deep water or ahermatypic)
corals that do not contain zooxanthellae and therefore
gain their nutrition solely from filtering plankton from
seawater.
• they are usually isolated, solitary or colonial
forms which rarely build big constructions
• many of these coral species are present in nonreef environments in coastal areas such as
Moreton Bay in Queensland.
1
Queensland Museum, Creative common
http://www.qm.qld.gov.au/microsites/biodiscovery/03sponges-and-corals/types-of-corals.html

Copyright Bob Moffatt. May be used under Creative
Commons CC 4.0 BY-NC-SA
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Coral classification
Phylum Cnidaria
Class Anthozoa
Subclass Ceriantharia
Subclass Hexacorallia
Order Actiniaria
Order Antipatharia
Order Corallimorpharia
Order Rugosa (extinct)
Order Scleractinia
Order Zoantharia
Subclass Octocorallia
Order Alcyonacea
Order Helioporacea
Order Pennatulacea
Class Cubozoa
Class Hydrozoa
Class Myxozoa
Class Scyphozoa
Class Staurozoa
Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA

Radially symmetrical animals with cnidocytes
anemones, corals with polyps
tube anemones
6-fold symmetry:
sea anemones
black corals
corallimorphs
rugose corals
stony corals
zoanthids
8-fold symmetry:
soft corals
blue corals
sea pens
box jellyfish
hydroids and bluebottles
parasitic
jellyfish
stalked jellyfish
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Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA
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Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA
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Copyright GBRMPA and Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA

Page 202

Soft corals have calcified spicules for support and to
deter predators.
Soft corals are not considered to be reef building
corals because they do not produce a hard calcium
carbonate skeleton.

Gorgonian corals are now part of the
Order Alcyonacea
The spicules are visible in this soft coral

Image: C. Jones, Copyright Commonwealth of Australia (GBRMPA) 141483

Image: C. Jones, Copyright Commonwealth of Australia (GBRMPA) 141488
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Hard corals
Hard or stony corals are in Order Scleractinia and are referred to as scleractinian corals.
Subclass Hexacorallia
Order Actiniaria
Order Antipatharia
Order Corallimorpharia
Order Rugosa (extinct)
Order Scleractinia
Order Zoantharia

6-fold symmetry:
sea anemones
black corals
corallimorphs
rugose corals
stony corals
zoanthids

Hard corals polyps have six
(or multiples of six) smooth
tentacles, such as this
Goniopora sp.

Image:K. Anthony, Copyright Commonwealth of Australia (GBRMPA) 130137
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In most cases, a hard coral consists of hundreds, thousands or even millions of
individual coral polyps living together as a colony.

GBRMPA staff, Copyright Commonwealth of Australia (GBRMPA) 107749
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Colonies of hard corals produce limestone skeletons to support
themselves, which then act as building blocks for the reef.

Common
types of hard
coral include
brain coral
and staghorn
coral.

D. Wachenfeld, Copyright Commonwealth of Australia (GBRMPA) 108458
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Brain coral

D. Wachenfeld, Copyright Commonwealth of Australia (GBRMPA) 119059
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Staghorn coral

K. Anthony, Copyright Commonwealth of Australia (GBRMPA) 129825
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Hermatypic and
ahermatypic corals

Hermatypic
Reef-forming

Ahermatypic
Non reef-forming

Are present on coral reefs

Are present on coral reefs

There are two further categories of
Scleractinian (hard) corals.

Many have zooxanthellae and
live in warm shallow water

Many have zooxanthellae and
live in warm shallow water

Hermatypic corals are those corals
that deposit calcium carbonate,
which can form a reef. They are also
known as reef-forming corals.

Mostly colonial, some are
solitary
Some species live on cold, dark,
deep-water reefs and have no
zooxanthellae

Solitary or colonial

Ahermatypic corals do not contribute
to reef development and are nonreef forming corals.

Hermatypic coral species living in “marginal” environments can
deposit calcium carbonate, yet not build a reef.

Some species live on cold, dark,
deep-water reefs and have no
zooxanthellae

Comparison of Hermatypic and Ahermatypic corals
Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA
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The term "hermatypic" is sometimes misused, to
apply to all corals with symbiotic zooxanthellae.
About 50% of corals with zooxanthellae are reefbuilding, and some reef-building corals do not have
zooxanthellae.

FURTHER
See Schuhmacher, H. & Zibrowius, H. Coral Reefs
(1985) 4: 1.
https://doi.org/10.1007/BF00302198 for more
information

Photograph Copyright Viewfinder. Reproduced with permission.
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Video
https://youtu.be/s7-GrlnCaf0
This video discusses carbonate and non carbonate coral reefs, deep water mesophotic reefs and more:

You don’t need to
remember it all!
We will revisit the
calcium carbonate
content soon.
Stop after 3:30 or wait until
T079 when this video
features again!

UQx TROPIC101x 2.2.3 Types of Reefs
You tube video available: Creative Commons Attribution license
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Example
Worksheet –

THE REEF AND BEYOND - CORAL REEF DEVELOPMENT

THE REEF AND BEYOND - CORAL REEF DEVELOPMENT

Hard and Soft Corals

Hard and Soft Corals

Subject matter: recall the following groups of coral: Alcyonacea ‘soft corals’ and the two morphological groups
within Scleractinia ‘hard corals’ — reef-forming/hermatypic and non-reef forming/ahermatypic.

Subject matter: recall the following groups of coral: Alcyonacea ‘soft corals’ and the two morphological groups
within Scleractinia ‘hard corals’ — reef-forming/hermatypic and non-reef forming/ahermatypic.

Types of corals - Classroom

Recommended reading: Coral Reefs and Climate Change - Reef building corals (p.86-88)

Identify the type of corals for the images below

Ove Hoegh Guldberg

Close-up hard corals.

Close-up soft corals.

Chris Roelfsema

Chris Roelfsema

Characteristics - Alcyonacea / soft corals
•
No calcium carbonate skeleton – may appear soft or leathery
•
Only some have symbiotic zooxanthellae
•
Each polyp has 8 tentacles or multiples of 8
•
Not much research
•
Soft structure that can move

Chris Roelfsema

Scleractinia - hermatypic versus ahermatypic
Hermatypic corals are those corals which build reefs by depositing
hard calcareous material for their skeletons, forming the stony
framework of the reef. Corals that do not contribute to coral reef
development are referred to as ahermatypic species.

Chris Roelfsema

Hard and Soft corals

Characteristics - Scleractinia / hard corals
•
Hard calcium carbonate skeleton
•
Symbiotic relationship with zooxanthellae
•
Each polyp has 6 tentacles or multiples of 6
•
Lots of research
•
Rigid structure

Chris Roelfsema

Corals - hard versus soft
Soft corals are also commonly found on reefs. They are
related to hard corals, but there are some key differences.

Marine Science Senior Syllabus

Marine Science Senior Syllabus

Copyright CoralWatch. Reproduced with permission.
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Worksheet
076

Coral
Classification
by
Gail Riches
www.marineeducation.com.au
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T077 Classify to genus

Adam Richmond
Page 215

Syllabus statement
At the end of this topic you should be able to ...

Classify
Place in or assign to a particular class or group;
Arrange or order by classes or categories;
Classify, sort out, sort, separate
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Classify
Place in or assign to a particular class or group;
Arrange or order by classes or categories;
Classify, sort out, sort, separate
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Objective
Classify a specific coral to genus level only, using a
relevant identification key.
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Coral growth forms
Introductory video
https://youtu.be/SFdmIQe-gLQ

UQx TROPIC101x 2.2.2 Coral Growth Forms

UQx Tropic101x Tropical Coastal Ecosystems, Creative Commons Attribution license,
https://youtu.be/SFdmIQe-gLQ

Page 219

Coral
classification
Coral classification in
the field is usually
based on morphology
rather than genus.
There are many growth
forms including
boulder, plate,
branching and soft.

Coral growth forms

Copyright CoralWatch. Reproduced with permission.
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Coral taxonomy

The taxonomic hierarchy of classification systems
Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Identifying corals to species
level is difficult for a variety
of reasons, including a lack
of type specimens.
Corals are sometimes
identified in the field,
sometimes by skeletons, and
more recently by molecular
taxonomy.
Furthermore, the same
species can look significantly
different in different
habitats.
And then there’s over 400
species of hard corals in the
Great Barrier Reef region.

Variation in Pocillopora damicornis
Image: Veron, J. (2013). Overview of the taxonomy of zooxanthellate Scleractinia. Zoological Journal Of The
Linnean Society, 169(3), 485-508. doi: 10.1111/zoj.12076 CC 3.0 BY NC SA
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Identifying coral
Here is the most accurate way:
Learn all the corals of the world, by reading this book.
Or by visiting this website:
http://www.coralsoftheworld.org
Either way is difficult because you have to know (or guess)
which coral you have in order to look it up.

Copyright Corals of the
world.
http://www.coralsofth
eworld.org/page/term
s-of-use/
Image: Stock photo, AbeBooks.co.uk

Image: From http://www.coralsoftheworld.org/species_factsheets/species_factsheet_summary/favia-speciosa/
Copyright Corals of the world. http://www.coralsoftheworld.org/page/terms-of-use/
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Using a field guide is much simpler.
This only works if someone has already
identified the corals that occur in your
local area.
CoralWatch have produced this field
guide to common corals in Moreton
Bay.

Download a copy here:
https://coralwatch.org/wp-content/uploads/2018/12/MB-coral-IDguide_2017.pdf

Copyright CoralWatch. Reproduced with permission.
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Coral Finder 3.0
Coral Finder 3.0 is a user-friendly
way to identify corals to genus
level using a simple visual key to
narrow your target coral to a key
group, then refining the selection.
This guide will help identify the
most common Scleractinian corals
in the Indo-Pacific region.

Image: Courtesy Russell Kelley,
www.byoguides.com
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CoralWatch have
created this field
guide to common
genera at Heron
Island

Download a copy here:

https://coralwatch.org/wpcontent/uploads/2018/11/F5_Identifyingcoral-types_CoralWatch_Yr7Science.pdf

Copyright CoralWatch. Reproduced with permission.

Page 226

Watch this video on coral finder 3.0

Video available on YouTube
https://youtu.be/ZS8vRGTw58w

Image copyright: Courtesy Russell Kelley, www.byoguides.com

Please note there is a full video training course at:
https://www.byoguides.com/resources/coral-finder-resources
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Image copyright: Courtesy Russell Kelley, www.byoguides.com
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There are a range of resources available at the BYO guides webpage, including high
quality images to test your coral identification skills.

Image copyright: Courtesy Russell Kelley, www.byoguides.com
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Find these images and 78 more at:
https://www.byoguides.com/resources/coral-finder-resources/

Image copyright: Courtesy Russell Kelley, www.byoguides.com
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The coral compactus
The coral
genera found in
Western
Australia are
the same as the
ones found in
Queensland.

Image copyright: Dr Zoe Richards, The Coral Compactus: WESTERN
AUSTRALIA Hard Coral Genus Identification Guide Version 2.
Reproduced with permission.
http://museum.wa.gov.au/kimberley/sites/default/files/WA%20C
oral%20CompactusV2_May2018.pdf
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Coral compactus

Free to download here:
http://museum.wa.gov.au/kimberley/sit
es/default/files/WA%20Coral%20Comp
actusV2_May2018.pdf

Image copyright: Dr Zoe Richards, The Coral Compactus: WESTERN
AUSTRALIA Hard Coral Genus Identification Guide Version 2.
Reproduced with permission.
http://museum.wa.gov.au/kimberley/sites/default/files/WA%20C
oral%20CompactusV2_May2018.pdf
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Practice your
identification skills with
coral rubble found on
an excursion, or at the
local aquarium store.
Remember to include a
scale in your pictures!

Copyright Adam
Richmond. May be used
under Creative Commons
CC 4.0 BY-NC-SA

20 mm

10 mm
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by

Page 234

Worksheet
077

Dichotomous
decisions
by
Gail Riches
www.marineeducation.com.au
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T078 Coral anatomy

Adam Richmond
Page 236

Syllabus statement
At the end of this topic you should be able to ...

Identify
The anatomy of a typical reef-forming hard coral including
• skeleton,
• corallite,
• coelenteron,
• coral polyp,
• tentacles,
• nematocyst,
• mouth and
• zooxanthellae.
Page 237

Identify
-

distinguish;
locate, recognise and name;
establish or indicate who or what someone or something is;
provide an answer from a number of possibilities;
recognise and state a distinguishing factor or feature
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Objective
Label a diagram of a typical coral polyp with the following terms:
• coelenteron,
• coral polyp,
• corallite,
• mouth,
• nematocyst,
• skeleton,
• tentacles,
• zooxanthellae.
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Review coral reefs so far, and learn about the structure of a polyp
https://youtu.be/VuBYpPL2c9k

UQx TROPIC101x 2.2.1 Coral Reef Ecosystems
Youtube video available: https://youtu.be/VuBYpPL2c9k
Creative Commons Attribution license
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Coral polyp facts
A polyp is the benthic stage of a cnidarian
lifecycle.
One individual coral animal is a coral
polyp.

Colonial coral polyps

Image: G. Bull, Copyright Commonwealth of Australia (GBRMPA) 134845

Colonial corals consist of colonies of many
genetically identical individual polyps
joined together.
Colonial coral polyps are typically only a
few mm in diameter.
Solitary corals remain as one individual
and can be up to 25 cm across.

Solitary mushroom coral polyp
Image: E. Goodwin, Copyright Commonwealth of Australia (GBRMPA) 133475
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Coral polyp anatomy
Coral polyps are multicellular, but made
up of only three tissues: the epidermis,
mesoglea and gastrodermis.
• The tentacles contain stinging cells, or
nematocysts, surround the central
mouth.
• The mouth is the only opening to the
gut cavity or coelenteron, which is
divided by mesenteries.
• Polyps are connected to each other
with the coenosarc, which is the living
tissue on top of the skeleton.

Image: modified from
Coral_polyp.jpg:
NOAAderivative work:
MarkusZi [Public domain],
via Wikimedia Commons

Cross section through a stylised
colonial coral polyp
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The zooxanthellae in the coral tissue can
be seen in this macro photograph of a
coral polyp.
The following external structures are also
visible:
• coral polyp
• nematocysts
• tentacles
• zooxanthellae

Image copyright Oregon State University,
accessed:
https://www.housingcamera.com/blog/wpcontent/uploads/2017/01/3551766692_db
6d19de8f_b.jpg / Reproduced with
permission.

Close-up of coral polyp
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The zooxanthellae in the coral tissue can
be seen in this macro photograph of a
coral polyp.
The following external structures are also
visible:
• coral polyp
• nematocysts
• tentacles
• zooxanthellae

Image copyright Oregon State University, accessed:
https://www.housingcamera.com/blog/wpcontent/uploads/2017/01/3551766692_db6d19de8f_b.jpg /
Reproduced with permission.

Close-up of coral polyp
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Zooxanthellae as seen in tentacle under a microscope.

Image: Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA (Left) Image copyright Oregon State University, accessed:
https://www.housingcamera.com/blog/wp-content/uploads/2017/01/3551766692_db6d19de8f_b.jpg / Reproduced with permission. (Right)
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Parts of the coral skeleton
The skeleton of an individual polyp is called the corallite.

Image copyright : Deep voyage Reproduced with permission
Image: Courtesy Russell Kelley, www.byoguides.com

Visual glossary of coral polyp and corallite.
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The cup-shaped corallite is divided by vertical blades or septa.
• Individual corallites are sometimes separated by corallite walls.
• Septa that cross corallite walls are called costae.

Image: Courtesy Russell Kelley, www.byoguides.com
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Coral skeletons show great variety.
Corals can be identified by the size, shape and arrangement of costae, septa and walls.

Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA
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Activity
Have a 3D printer? Print a 3D
coral polyp here:
https://blueocean.net/3dprinted-model-brings-coralbleaching-into-the-classroom/

https://blueocean.net/3d-printed-model-brings-coral-bleaching-into-the-classroom/
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Worksheet
078
Garden of Stone
Flowers
by
Gail Riches
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T079 Coral limestone skeleton

Adam Richmond
Page 252

Syllabus statement
At the end of this topic you should be able to ...

Recall
that the limestone skeleton of a coral is built when calcium
ions [Ca2+] combine with carbonate ions [CO32–]
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Recall
• remember; present remembered ideas, facts or
experiences;
• bring something back into thought, attention or
into one’s mind
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Objective
Describe how a coral builds its skeleton.
You will need to include calcium ions [Ca2+] and carbonate ions [CO32–] in your explanation.
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Video review

Reef types and calcium carbonate

https://youtu.be/s7-GrlnCaf0

UQx TROPIC101x 2.2.3 Types of Reefs
You tube video available: https://youtu.be/s7-GrlnCaf0
Creative Commons Attribution license
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Calcium carbonate
Calcium carbonate is a chemical compound with the formula CaCO3.
You have probably performed some science experiments with limestone, chalk or marblewhich are composed of CaCO3.

Calcium carbonate chips

Image:Ferdous [CC BY-SA 3.0
(https://creativecommons.org/licenses/by-sa/3.0)],
from Wikimedia Commons
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Just like broccoli is a good source of calcium carbonate for
our bodies.

Image:Fir0002 [GFDL 1.2 (http://www.gnu.org/licenses/old-licenses/fdl1.2.html)], from Wikimedia Commons

Photograph Copyright Viewfinder. Reproduced with
permission.
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So is calcium carbonate for corals.

By Yumi Yasutake, NOAA - http://www.hawaiianatolls.org/research/Sept_Oct2007/FFS.php,
Public Domain, https://commons.wikimedia.org/w/index.php?curid=4209726
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The two main types of calcium carbonate are argonite and calcite.
They have the same chemical formula, but the molecules are different
shapes (called polymorphs).

Aragonite

Calcite

Image: Didier Descouens [CC BY-SA 3.0
(https://creativecommons.org/licenses/by-sa/3.0)], from Wikimedia
Commons

Image: Rob Lavinsky, iRocks.com – CC-BY-SA-3.0 [CC BYSA 3.0 (https://creativecommons.org/licenses/bysa/3.0)]
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Aragonite and calcite
Aragonite

Calcite

Aragonite is denser and more
resistant to stress in high energy
environments.

Calcite is the most stable polymorph
of calcium carbonate.

Corals make their skeletons from
aragonite.

Echinoderms, brachiopods,
coccolithophores and forams make
their shells from calcite.

Many molluscs, such as mussels
make shells from aragonite

Coralline algae create calcite with
high magnesium content (HMC).

Images: Nick Greeves, Chemtube3D, Creative Commons Attribution-Noncommercial-Share Alike 2.0 UK: England & Wales License
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Coccolithophore
Image: Alison R. Taylor (University of North Carolina Wilmington Microscopy
Facility) [CC BY 2.5 (https://creativecommons.org/licenses/by/2.5)], via Wikimedia
Commons

Foraminifera
Image: Hannes Grobe [CC BY 3.0 (https://creativecommons.org/licenses/by/3.0)], from
Wikimedia Commons
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Calcium ions and Carbonate ions react to form calcium carbonate according to this reaction.

Ca2+

+ CO3

2-

precipitates
dissolves

CaCO3

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA
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Modern reefs developed in waters with an aragonite saturation state of Ωa > 4.
This has already reduced and is predicted to continue to fall.

Infographic: IGBP, IOC, SCOR (2013). Ocean
Acidification Summary for Policymakers – Third
Symposium on the Ocean in a High-CO2 World.
International Geosphere-Biosphere Programme,
Stockholm, Sweden. Accessed:
http://www.igbp.net/images/18.30566fc6142425
d6c9115f2/1386581387793/OAspm-aragonitehigh.jpg, CC BY-NC-SA 3.0.
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The coral polyp grows vertically by depositing more calcium carbonate at the bottom of the polyp.
The polyp lifts itself up
and away from its
corallite (cup-like
skeleton), leaving an
empty space (dashed
lines).
The polyp secretes
CaCO3 to fill in that
space, creating a new,
higher basal plate.
Watch here
https://oceanservice.noaa.gov/education/tut
orial_corals/media/coral03a_480.gif
Animated GIF of a polyp growing

Credit: NOAA, available: https://oceanservice.noaa.gov/education/tutorial_corals/media/coral03a_480.gif
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This YouTube video revises how corals make their skeleton,
and introduces some new concepts for a few lessons’ time.

Video link
Coral: What is it?
https://youtu.be/IEWJAEkGeNk

Khaled bin Sultan Living Oceans Foundation, https://youtu.be/IEWJAEkGeNk
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Worksheet
079

Carbonate Count
down
by
Gail Riches
www.marineeducation.com.au
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T080 Coral feeding

Adam Richmond
Page 270

Syllabus statement
At the end of this topic you should be able to ...

Describe
the process of coral feeding
including
• night-feeding patterns and
• the function of nematocysts
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Describe
- give the meaning of a word, phrase, concept or physical quantity;
- state meaning and identify or describe qualities
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Objective
Describe the process of coral feeding, with reference to a diagram of a coral polyp.
When do corals generally feed? What are the exceptions?
How do nematocysts work?
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Review coral anatomy
Recall the following parts of a coral polyp:
Tentacle
Nematocysts
Mouth
Gastrodermis
Coelenteron

By NOAA - NOAA website, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=1204540 (Modified)
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Review coral anatomy

By NOAA - NOAA website, Public Domain, https://commons.wikimedia.org/w/index.php?curid=1204540
(Modified)
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Recall the following parts of a coral polyp:
•
•
•
•
•

Tentacle
Nematocysts
Mouth
Gastrodermis
Coelenteron

Close-up of coral polyp

Image copyright Oregon State University, accessed:
https://www.housingcamera.com/blog/wpcontent/uploads/2017/01/3551766692_db6d19de8
f_b.jpg / Reproduced with permission.
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Tentacle
Nematocysts

Mouth (hidden)
Gastrodermis (not
visible)

Coelenteron
(inside)

Image copyright Oregon State University, accessed:
https://www.housingcamera.com/blog/wpcontent/uploads/2017/01/3551766692_db6d19de8f_b.jpg /
Reproduced with permission Modified with captions.

Close-up of coral polyp
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Porites coral polyps. The tentacles form a ring around the central mouth.
Image: K. Anthony, Copyright Commonwealth of Australia (GBRMPA), 1199
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How do corals eat?
Corals are cnidarians- like jellyfish.
Like jellyfish, coral polyps have tentacles
equipped with batteries of nematocysts
(stinging cells).
These nematocysts sting, immobilize or
kill zooplankton; which is then drawn
through the polyp’s mouth and into the
stomach. Some corals use cilia and
mucous.
Some corals capture suspended organic
matter or detritus from the water, and
others absorb dissolved organic matter.
Food is digested by the gastrodermis,
which lines the inside of the polyp.

Tentacles of a soft coral feeding

Image: K. Anthony, Copyright Commonwealth of Australia (GBRMPA), 120901
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Watch this YouTube video of coral polyps feeding:
https://www.youtube.com/watch?v=LoMEmKNGNEg

Coral polyps feeding

Photograph Copyright Viewfinder. Reproduced with permission.
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This YouTube video shows hard and soft corals being fed copepods and rotifers in an aquarium.
https://youtu.be/NuCt0-m3VI8
You can see polyps using their
tentacles and microscopic cilia to
move prey into their mouth.
Mucous and nematocysts cause
prey items to remain attached to
the coral's tentacles.

Coral feeding in close-up

YouTube video by Coralpublications, available: https://youtu.be/NuCt0-m3VI8
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Nematocysts
Nematocysts (also known as cnidocytes,
hence Phylum Cnidaria) are specialised cells
that fire a venomous thread in response to
contact with a trigger.
When triggered, osmotic pressure within
the cell is released, firing a strong and
flexible spiked tube (stylet) out of the cell
and into the contacting tissue with an
acceleration over 5 million times gravityand a pressure on impact comparable to a
bullet!
Nematocysts are used for defense as well as
feeding.
An undischarged and discharged nematocyst
Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Nematocyst discharge

Image: Asknature.org CC BY NC, original from Özbek, S., Balasubramanian, P.,
& Holstein, T. (2009). Cnidocyst structure and the biomechanics of
discharge. Toxicon, 54(8), 1038-1045. doi: 10.1016/j.toxicon.2009.03.006
Reproduced with permission.
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Watch this YouTube video of nematocysts firing:
https://youtu.be/6zJiBc_N1Zk

Jellyfish stinging in microscopic slow motion

Smarter Every Day 120, YouTube video available: https://youtu.be/6zJiBc_N1Zk
Reproduced with permission
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Night feeding patterns
Most hard
corals are
nocturnal
feeders, that
only extend
their
tentacles at
night.

Flowing translucent white tentacles of Favia sp. polyps at Hook Island, at night

Image: T . Fontes, Copyright Commonwealth of Australia (GBRMPA), 107780
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Diel migration*
* Also know as diurnal vertical migration.
It is widely accepted that corals
feed at night because their
zooplankton prey are more
abundant in surface waters during
the night.
Zooplankton hide in deeper water
to avoid predation during the day,
and migrate towards the surface
to feed at night.
This daily migration is known as
diel migration.
Zooplankton migrate to the surface at night.
Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Some corals, including most
soft corals, extend their
tentacles during the day.
Soft corals obtain more
nutrition from phytoplankton,
bacteria and detritus than
they do from zooplankton.
These food items are present
during the day and night.
Day feeding corals often have
less symbiotic zooxanthellae
and can live in areas with less
light.

Soft coral with some tentacles extended
Image: C. Jones, Copyright Commonwealth of Australia (GBRMPA), 141476

Page 287

Some species always have their
tentacles extended, eg
Goniopora sp., but retract them
quickly when touched.
Polyps withdraw their tentacles
back into their skeleton when
disturbed or not feeding, to
avoid predation, or conserve
nutrients and energy.
Studies suggest that the extent
that corals extend their
tentacles is affected by light
levels, water flow, food
availability and the presence of
predators.
Goniopora sp. coral polyps with tentacles extended
Image: K. Anthony, Copyright Commonwealth of Australia (GBRMPA), 130137
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Heterotrophs and autotrophs
Since corals receive their nutrition by capturing plankton
and particulate matter from the water column, they are
heterotrophs.
Corals with photosynthetic zooxanthellae living within
their tissues receive most of their nutrition from this
mutualistic symbiosis. This suggests that the
coral/zooxanthellae combination are autotrophs.
Since coral colonies often rely on the nutrients from
autotrophy from the the zooxanthellae and heterotrophy
from plankton consumption, they are considered to be
mixotrophic.

Porites polyp with tentacles extended
and zooxanthellae visible.
Image: National Coral Reef Institute - NOAA [Public domain], via
Wikimedia Commons CC 3.0 BY SA
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Field work
Plankton trawl

Copyright Simone Baker (left) Bob Moffatt (Right) . May be used under Creative Commons CC 4.0 BY-NC-SA
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Images copyright Dr Jack Marsh and Dr David Tulip (reproduced with permission)
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Images copyright Dr Jack Marsh and Dr David Tulip (reproduced with permission)
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Images copyright Dr Jack Marsh and Dr David Tulip (reproduced with permission)
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Images copyright Dr Jack Marsh and Dr David Tulip (reproduced with permission)
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by

Page 295

Worksheet
080
Midnight munchies

by
Gail Riches
www.marineeducation.com.au
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T081 Coral symbiosis

Adam Richmond
Page 297

Syllabus statement
At the end of this topic you should be able to ...

Identify and describe
the symbiotic relationships in a coral colony (including polyp
interconnections and zooxanthellae)
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Identify
-

distinguish;
locate, recognise and name;
establish or indicate who or what someone or something is;
provide an answer from a number of possibilities;
recognise and state a distinguishing factor or feature

Describe
- give the meaning of a word, phrase, concept or physical
quantity;
- state meaning and identify or describe qualities
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Objectives
1.

Recall the types of symbiotic relationships

2a.
2b.

Describe the relationship between coral and zooxanthellae
Describe the relationship between individual polyps in a colony

3.

Identify which types of symbiotic relationships are demonstrated in A and B above
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Symbiosis
Recall symbiosis from T046 Biotic interactions in ecosystems:
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Symbiosis
is any type of a close and long-term
biological interaction between two
different biological organisms.
Typically there are four:
Parasitism - a relationship between
species, where one organism, the parasite
benefits by living on or in another
organism, the host, causing it harm, and is
adapted structurally to this way of life. (- +)

Image: Marco Vinci - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=30119814

Mutualism - the way two organisms of
different species exist in a relationship in
which each individual benefits from the
activity of the other. (+ +)
Photograph Copyright Viewfinder. Reproduced with
permission.
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AND
Commensalism - a long term biological
interaction (symbiosis) in which
members of one species gain benefits,
while those of the other species, are
neither benefited nor harmed. (0 +)
Image: Duncan Wright (User:Sabine's Sunbird) [CC BY-SA 3.0
(http://creativecommons.org/licenses/by-sa/3.0/)], via Wikimedia Commons

Amensalism - an asymmetric interaction
where one species is harmed or killed by
the other, and one is unaffected by the
other. (0 -)
An example is where surgeonfish graze
algae, destroying habitat for smaller
animals such as amphipods.

Image: Uxbona [CC BY 3.0
(https://creativecommons.o
rg/licenses/by/3.0)], from
Wikimedia Commons.
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So what is this close and long-term
biological interaction between two
different biological organisms in corals?

Zooxanthellae
Zooxanthellae are a unicellular
dinoflagellate algae found in hard and soft
corals, anemones, jellyfish, giant clams,
sponges and flatworms.
Zooxanthellae were thought to be all the
same species, Symbiodinium
microadriaticum. Different genetic types
of zooxanthellae are called “clades”.

Zooxanthellae
Image: Todd C. LaJeunesse, CC BY-SA 2.0
retrieved https://www.flickr.com/photos/oregonstateuniversity/30024509728
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Zooxanthellae can live independently, but
occur in greater numbers in the tissues of
hosts.
Corals can have 1 000 000 – 5 000 000
zooxanthellae in 1 cm2 of tissue.

Wiki commons:
https://commons.wikimedia.org/w/index.php?curid=789
44190
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Coral polyps provide the
zooxanthellae with a protected
environment and waste nutrients
(ammonia and phosphate) needed
for photosynthesis.
Zooxanthellae supply the coral with
oxygen, glucose, glycerol, and amino
acids, which are the products of
photosynthesis.
• 90- 95 percent of the organic
material produced by the
zooxanthellae is transferred to
the host coral tissue.
• The coral uses these products to
make proteins, fats, and
carbohydrates, and produce
calcium carbonate.

Nutrient exchange between zooxanthellae and coral
Image: Adam Richmond, after McGraw-Hill
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Mutualism

- the way two organisms of different species exist in a relationship in which each
individual benefits from the activity of the other. (+ +)
The mutually-beneficial relationship between zooxanthellae and coral polyp facilitates a “tight
recycling of nutrients”, which is responsible for the high levels growth and productivity of coral
reefs in nutrient-poor tropical waters.

Photograph Copyright Viewfinder. Reproduced with permission.
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Coral polyp interconnections
Many corals are made up of colonies
of 100s or 1000s of individual polyps.
Polyps are connected together by a
thin layer of living tissue called the
coenosarc.
Polyps within a colony share nutrients
and energy demands through the
coenosarc.

Image: modified from Coral polyp.jpg: NOAA derivative work: MarkusZi [Public
domain], via Wikimedia Commons
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A colony of coral polyps. The coenosarc is the “skin” connecting individual polyps.
Image: A Chinn. Copyright Commonwealth of Australia (GBRMPA). 116563
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Other symbiotic relationships
Coral and fish
Grunts (Family
Haemulidae) feed away
from the reef at night
and return to rest over
the reef during the day.
The nitrogen excreted
by these migratory fish
is an important source
of nutrients in coral reef
ecosystems. 1
Oblique-banded Sweetlips at Lizard Island
Image: Graham Edgar / Reef Life Survey. License: CC by Attribution
Retrieved: http://fishesofaustralia.net.au/home/species/457

1.

Francis, F., & Côté, I. (2018). Fish movement drives spatial and temporal patterns of nutrient
provisioning on coral reef patches. Ecosphere, 9(5), e02225. doi: 10.1002/ecs2.2225
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Coral and flatworms
Flatworms of the genus
Waminoa have been found to
consume the coral’s mucous
layer, compete for zooplankton
prey, and reduce
photosynthesis through
shading. 1
The coral does not benefit
from this parasitic association.

The flatworm Waminoa sp. on bubble coral
Image: Samuel Chow [CC BY 2.0 (https://creativecommons.org/licenses/by/2.0)], via Wikimedia Commons
Retrieved: https://commons.wikimedia.org/wiki/File:Waminoa_on_Plerogyra.jpg

1. Wijgerde, T., Spijkers, P., Verreth, J., & Osinga, R. (2011). Epizoic acoelomorph flatworms compete with their coral host for
zooplankton. Coral Reefs, 30(3), 665-665. doi: 10.1007/s00338-011-0781-z
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Coral and barnacles
Coral-associated barnacle larvae
bury themselves in the coral’s
tissue, where they feed on
plankton.
The barnacles use some of the
carbon produced by the
zooxanthellae, and the
zooxanthellae use ammonia
(nitrogen) wastes produced by
the barnacles. 1
The coral do not appear to be
negatively affected by this
commensal relationship.

Coral barnacles (Pyrgoma sp.)

Image: Courtesy Ria Tan (reproduced with permission), www.wildsingapore.com, 070618rlhg0562

1 Chan, B., Xu, G., Kim, H., Park, J., & Kim, W. (2018). Living with marginal coral communities: Diversity and host-specificity in coral-associated barnacles in the northern coral
distribution limit of the East China Sea. PLOS ONE, 13(5), e0196309. doi: 10.1371/journal.pone.0196309
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There’s a lot more symbioses
on a reef than you think!
A James Cook University review1 identified 869
species of invertebrates that associate with
hard corals.
Many of these were decapod crustaceans that
rely on the coral for food, habitat and
reproduction.
Over half of these symbioses were obligate
relationships: necessary for the survival of the
organisms. Only 11% were facultative: meaning
the organisms may benefit from coral but can
survive without it.

1.

Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA

Stella JS, Pratchett MS, Hutchings PA, Jones GP. Coral-associated invertebrates: diversity, ecological
importance and vulnerability to disturbance. Oceanography and Marine Biology: An Annual Review.
2011;49:43–104.
Available: https://www.researchgate.net/publication/230604775_Coralassociated_invertebrates_diversity_ecological_importance_and_vulnerability_to_disturbance
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Worksheet
081
Plant or Animal
by
Gail Riches
www.marineeducation.com.au
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T082 Coral life cycle

Adam Richmond
Page 316

Syllabus statement
At the end of this topic you should be able to ...

Recall
the life cycle stages of a typical reef-forming hard coral:
• asexual: fragmentation, polyp detachment;
• sexual: gametes, zygotes, planulae,
• polyp/asexual budding
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Recall
• remember; present remembered ideas, facts or experiences;
• bring something back into thought, attention or into one’s mind
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Objectives
1. Sketch the life-cycle of a typical reef-forming hard coral.
2. Describe the stages of sexual reproduction
3. List three ways corals can reproduce asexually.
4. Describe how budding enables a coral colony to grow.
5. Describe genetically how the offspring of sexual reproduction
and asexual reproduction different?
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Watch this YouTube video as an introduction to this topic:
https://www.youtube.com/watch?v=VorXse4HrHs

The Amazing Coral Lifecycle- From Dusk till Spawn!

You tube video by Reef Patrol, available: https://www.youtube.com/watch?v=VorXse4HrHs
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Coral life cycle
Coral lifecycles are
complex and have
several stages.
Acropora sp. are typical
broadcast spawning hard
corals. This will be
explained over the next
few slides.
This diagram (and
article) is freely available
for download here:
https://www.sciencedirect.com/science/
article/pii/S0025326X15005251?via%3Di
hub

Reproductive cycle of Acropora sp. coral

Image: Jones, R., Ricardo, G., & Negri, A. (2015). Effects of sediments on the reproductive cycle of corals. Marine Pollution
Bulletin, 100(1), 13-33. doi: 10.1016/j.marpolbul.2015.08.021 CC BY 4.0
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Adult corals develop eggs and sperm
(known as gametogenesis) for several
months leading up to a mass spawning
event.
These events are always at night and
timed to coincide with full moon in
October-December.
Some corals are gonochoric (have
separate sexes), whilst many are
hermaphrodites (both male and
female).
Acropora corals release compact
bundles of gametes from their gut
cavity, that then float to the water
surface.

Adult corals releasing gamete bundles

Image: Jones, R., Ricardo, G., & Negri, A. (2015). Effects of sediments on the reproductive cycle of
corals. Marine Pollution Bulletin, 100(1), 13-33. doi: 10.1016/j.marpolbul.2015.08.021 CC BY 4.0
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The mucous binding the bundles of
gametes together dissolves, releasing
individual sperm and eggs.
Some species of corals release sperm
and eggs separately.
The eggs continue to float and the
sperm sink to prevent self-fertilization.
Fertilisation is dependent on the
sperm finding coral eggs from a
different colony of the same species.
The fertilised egg (now known as a
zygote) continues to float on or near
the surface.
Gametes separate and fertilise

Image: Jones, R., Ricardo, G., & Negri, A. (2015). Effects of sediments on the reproductive
cycle of corals. Marine Pollution Bulletin, 100(1), 13-33. doi:
10.1016/j.marpolbul.2015.08.021 CC BY 4.0
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Embryogenesis
(the dividing of
the embryo)
continues near
the surface and
in the upper
levels of the
water column.

Embryological development of coral

Image: Jones, R., Ricardo, G., & Negri, A. (2015). Effects of sediments on the reproductive cycle of corals. Marine Pollution
Bulletin, 100(1), 13-33. doi: 10.1016/j.marpolbul.2015.08.021 CC BY 4.0
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Most coral eggs and early stage
larvae are eaten by “the wall of
mouths” (corals, plankton, fish
etc) on the reef or drift away from
the reef.
Only a tiny percentage of the
trillions of eggs released will ever
mature into an adult coral.

A wall of mouths
Photograph Copyright
Viewfinder. Reproduced with
permission.
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The larvae elongates into a “cigar shaped”
planula larvae and develops cilia and starts to
swim around.
Eventually the planula larvae searches for a
suitable hard spot to settle.

Development of planula larva

Image: Jones, R., Ricardo, G., & Negri, A. (2015). Effects of sediments on the reproductive cycle of corals. Marine Pollution
Bulletin, 100(1), 13-33. doi: 10.1016/j.marpolbul.2015.08.021 CC BY 4.0
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Once it has found a suitable site to settle,
the planula larvae metamorphoses into a
tiny coral polyp about 1mm across.
This polyp has to grow quickly to avoid
being smothered.
The polyp is able to create new polyps
asexually by growing and dividing in half.
This process, called budding, creates
genetically identical copies of the original
polyp.

Settlement and growth by budding

Image: Jones, R., Ricardo, G., & Negri, A. (2015). Effects of sediments on the reproductive cycle of corals. Marine Pollution
Bulletin, 100(1), 13-33. doi: 10.1016/j.marpolbul.2015.08.021 CC BY 4.0
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Mass spawning
The annual spawning event is one of the most spectacular events in nature.
By releasing gametes at the same time, individual corals maximise the chance of fertilisation,
and the sheer number of organisms spawning overwhelms predators: they can’t eat them all.

https://youtu.be/U7iS6gKhUEk

This short YouTube
video shows some
incredible footage of
coral spawning on the
Great Barrier reef.
Coral sea dreaming: coral spawning
YouTube video available: https://youtu.be/U7iS6gKhUEk
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Spawning occurs after
full moon in OctoberDecember.
The exact timing is
determined by water
temperature, day
length, tide height and
salinity; and varies
between species and
location.

Coral spawn slick, Capricorn Bunker Group.

Image: LBM1948 [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)], from Wikimedia Commons
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Brooders
Some coral species are brooders. Instead of
broadcast spawning, these corals spawn
sperm, but retain the eggs.
Fertilisation and embryogenesis occur inside
the adult polyp.
Relatively few, relatively large larvae are
released when they are ready for settlement.

Images from Jones, R., Ricardo, G., & Negri, A. (2015). Effects of sediments on the
reproductive cycle of corals. Marine Pollution Bulletin, 100(1), 13-33. doi:
10.1016/j.marpolbul.2015.08.021. Lower photo credited to Moeller et al. (2017) in text.
Full text article available CCBY Open access:
https://www.researchgate.net/publication/329449638_Coral_Larvae_Every_Day_Leptastr
ea_purpurea_a_Brooding_Species_That_Could_Accelerate_Coral_Research CC BY 4.0

Scale= 0.5mm

Planula and primary polyp
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Brooding species, such
as this Leptastrea
purpurea are popular
in research as the
larvae easier to obtain
and available for a
longer period of time.

Polyps 4 and 8 weeks post settlement. Scale = 1mm
Images from Jones, R., Ricardo, G., & Negri, A. (2015). Effects of sediments on the reproductive cycle of corals. Marine Pollution
Bulletin, 100(1), 13-33. doi: 10.1016/j.marpolbul.2015.08.021. Lower photo credited to Moeller et al. (2017) in text. Full text
article available CCBY Open access:
https://www.researchgate.net/publication/329449638_Coral_Larvae_Every_Day_Leptastrea_purpurea_a_Brooding_Species_T
hat_Could_Accelerate_Coral_Research CC BY 4.0
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Sexual reproduction
Broadcast spawning and
brooding are two ways that
corals reproduce using sexual
reproduction.
Sexual reproduction involves
the combination of gametes
and results in genetically unique
offspring.

Gamete bundles of Colpophyllia natans about to be released.
Image: NOAA [Public domain], via Wikimedia Commons
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Asexual reproduction
Asexual reproduction results in
offspring that are genetically identical
clones of the parent.
Budding is a form of asexual
reproduction.
Budding is when new polyps “bud”
off or divide to form new polyps or
grow colonies
Entire colonies are made out of
genetically identical polyps.
Polyp A is in the process of budding.
Recently separated polyps can be seen at B
Image: Narrissa Spies [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)],
from Wikimedia Commons
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The planula larva settles and grows into a polyp. The polyp grows and then “buds” off
new genetically identical polyps.

This process continues, forming a colony of many
genetically identical, interconnected coral polyps.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Fragmentation is another form of asexual reproduction, that occurs when an entire section
colony (not just one polyp) separates to form a new colony.
Fragmentation happens
when a section of coral is
broken off by wave action
or storms.
Sometimes the fragment
may attach and grow in to
a new colony.
Fragmentation is being
used regrow coral reefs, as
this YouTube video shows:
Coral gardening | South Pacific | BBC Earth

https://youtu.be/0UlnRnHWFqU

YouTube video available: https://youtu.be/0UlnRnHWFqU
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Two more forms of asexual
reproduction:
Parthenogenesis occurs when coral
larvae develop without being fertilised.
Larvae produced by parthenogenesis
are genetically identical to the parent.
Pathernogenesis has only been
confirmed in a few species.
Bail out occurs when a single coral
polyp withdraws from the coenosarc
and separates itself from the colony.
This polyp can move a short distance
and resettle. Bail out only has a low
success rate (5%) and usually only
occurs to escape stress events.

Polyp bail out in Pocillopora damicornis

Image from: Fordyce AJ, Camp EF and Ainsworth TD. Polyp bailout in
Pocillopora damicornis following thermal stress [version 2]. F1000Research
2017, 6:687 (doi: 10.12688/f1000research.11522.2) CC BY 4.0
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Watch this YouTube video, which summarises this topic:
https://www.youtube.com/watch?v=yKcHF58L34M&feature=youtu.be

UQx TROPIC101x 4.4.3 Reproduction of reef building corals
YouTube video available: https://www.youtube.com/watch?v=yKcHF58L34M&feature=youtu.be
UQx Tropic101x Tropical Coastal Ecosystems. Creative Commons Attribution license
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Worksheet
082
Coral Babies
by
Gail Riches
www.marineeducation.com.au
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T083 Larval dispersal

Adam Richmond
Page 340

Syllabus statement
At the end of this topic you should be able to ...

Explain
the process of larval dispersal, site selection, settlement and recruitment
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Explain
• make an idea or situation plain or clear by describing it in more detail or
revealing relevant facts;
• give an account;
• provide additional information
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Objectives
1. Recall the meaning of the terms: larval dispersal, site selection,
settlement and recruitment
2. Describe the process of larval dispersal, site selection, settlement and
recruitment of a coral species.
3. Identify factors that affect larval dispersal, site selection, settlement
and recruitment of coral species,
i.e. Currents, bathymetry, substrate, sediment, predation,
competition.
4. Describe in detail how one of these identified factors affects larval
dispersal, site selection, settlement and recruitment of coral species
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This topic will explain how a new coral can arrive on a reef through the complex sequence of
larval dispersal, site selection, settlement and recruitment.

Definitions
Larval dispersal - occurs when the planktonic larval stages of coral are distributed throughout
the reef, and spread between reefs.
Site selection - is when a coral planula investigates and selects a suitable site for settlement
Settlement - is when the planula attaches itself to its chosen substrate and develops into a
polyp.
Recruitment - occurs when the coral polyp has successfully established as a member of the reef
community.
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Larval dispersal
Coral larvae, and the larvae of many reef-dwelling species, spend a part of their lifecycle
drifting in the plankton.
Since adult corals are sessile, the dispersal (transport away from the parent corals) of coral
larvae is a key determinant in the distribution of coral reefs.

Dispersal phase

Sessile phase

Image: Jones, R., Ricardo, G., & Negri, A. (2015). Effects of sediments on the reproductive cycle of
corals. Marine Pollution Bulletin, 100(1), 13-33. doi: 10.1016/j.marpolbul.2015.08.021 CC 4.0 BY
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Coral larvae are weak swimmers and predominantly rely on currents for dispersal.
Larvae that spend more time in the plankton can be transported further, and often have a
larger geographical range.
Directly tracking larvae is difficult, so researchers use a range of models to determine larval
connectivity between reefs, based on ocean currents and larval duration.

Map showing the global dispersal of model coral larvae.

Figure from Wood, S., Paris, C., Ridgwell, A., & Hendy, E. (2013). Modelling dispersal and connectivity of broadcast spawning corals at the global scale. Global
Ecology And Biogeography, 23(1), 1-11. doi: 10.1111/geb.12101. CC BY 4.0
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Some corals stay close
to home
Many corals that broadcast spawn have
coral larvae that are settlement
competent (developed enough to settle)
within 4-10 days.
Some of these larvae will “self-seed” or
return to the reef they were spawned
from. A study at Helix Reef found that
70% of corals settle within 300m of the
source.1
Brooding corals incubate their larvae until
they are settlement competent. Brooding
corals do not commonly disperse beyond
the parent reef.

Brooded planula larvae visible inside tentacle

Image: Narrissa Spies [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]

1. Sammarco, P. W., and J. C. Andrews. 1988. Localized Dispersal and Recruitment in Great Barrier Reef Corals: The Helix Experiment. Science, 239:1422–1424.
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Some coral larvae are transported a long way from home
Coral larvae that take longer to develop may be carried into the open ocean. These larvae may
be able to reach reefs hundreds of kilometers away, but are exposed to very high levels of
predation.
Acropora coral larvae are
typically up to 20 days old
before becoming
settlement competent.
A study showed that
Pocillopora planula larvae
contain enough energy
reserves to survive for over
100 days- long enough to
migrate across the Pacific
Ocean. 1
1. Richmond, R. (1987). Energetics, competency, and
long-distance dispersal of planula larvae of the coral
Pocillopora damicornis. Marine Biology, 93(4), 527533. doi: 10.1007/bf00392790

Early larval stages of Acropora tenuis

YouTube video by BYOGuides available: https://youtu.be/cc9NcuUmQ5A

Video
https://youtu.be/cc9NcuUmQ5A
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The role of currents
Ocean currents are a key factor
affecting larval dispersal.
The widespread distribution of
corals throughout the IndoPacific region is caused by
larval dispersal on ocean
currents and using islands and
reefs as “stepping stones”
The East Australian Current
extends the distribution of
tropical coral species into
subtropical regions, such as
Moreton Bay.

Australian currents

Image: © Commonwealth of Australia 2013 [CC BY 3.0 au (https://creativecommons.org/licenses/by/3.0/au/deed.en)]
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Larvae that travel short and long distances are both important. Larvae that remain locally are
ecologically important for replenishing corals that die; those that drift far away increase genetic
diversity. The long “tail” on this figure extends the geographic distribution of corals..

Dispersal kernel for ecological and evolutionary connectivity

Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA
After Steneck, R. S. 2006. Staying Connected in a Turbulent World. Science, 311:480–481.
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Site selection
When a coral planula is developed enough, it begins searching for a favourable
settlement location.
The planula has many sensory
cells and exhibits a complex
searching behaviour, actively
and repeatedly testing the
substrate for particular
characteristics.
This YouTube video shows
some planula larvae testing a
settlement site.
https://youtu.be/KzpnIUbtxEI

Coral larvae on the move

YouTube video by SECOREcoral, available: https://youtu.be/KzpnIUbtxEI

Page 351

Planula larvae are sensitive
to light, and will swim
away from light when at
the surface, and towards
the light when they are at
depth.
Larvae often settle on the
edges or shaded underside
of settlement plates used
by researchers.
This may be due to
reduced waterflow or
eddies produced, reduced
light intensity, or
protection from predation.

An ARMS (Autonomous Reef Monitoring Structure) is colonized
by a diverse community of reef invertebrates.
Image: NOAA,
https://www.pifsc.noaa.gov/cred/survey_methods/arms/img/arms_recruitment_after_two_years_med.jpg
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Many coral larvae detect and
distinguish between
chemosensory cues produced by
different species of algae.
Some coral larvae show a
preference for substrates
covered in crustose coralline
algae. Others prefer biofilm- a
bacterial community- that lives
on the substrate.
Chemical extracts taken from red
algae have been shown to cause
settlement of Acropora larvae.

Crustose coralline algae

Image: Maggie D. Johnson, Scripps Institution of Oceanography,
Retrieved: https://ocean.si.edu/ocean-life/plants-algae/coralline-algae-unsung-architects-coral-reefs
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Coral settlement is reduced by
elevated temperature, salinity
variations, sedimentation, and UV
radiation.
The presence of turf algae,
macroalgae and cyanobacteria can
also reduce settlement.
Some planula larvae don’t find a
suitable settlement site and can
remain in the plankton for a longer
period of time.
Larvae that have zooxanthellae have
more energy reserves and survive
longer.

Acropora larvae searching for a suitable settlement site
Image: Jamie Craggs. Copyright reproduced with permission. SECORE, Available:
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Settlement has occurred
when the larvae has attached
and metamorphosed into a
primary polyp.
If a newly metamorphosed
polyp doesn’t like its new
spot it can leave its secreted
skeleton and try again.
This “reverse
metamorphosis”can only
occur a limited number of
times because it uses a lot of
energy.
Acropora planula undergoing metamorphosis

Image: Jamie Craggs, SECORE, Available: http://www.secore.org/export/35/359232nVC6f6QI3V0.jpeg
Reproduced with permission. http://www.secore.org
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In this time lapse, coral
larvae can be seen
testing the substrate
and metamorphosing
into a polyp.
Most studies of larval
corals are conducted in
aquaria, as juvenile
wild coral are really
difficult to find!
Video:
https://youtu.be/e7H5F
ZykTVU

Coral larvae settling and developing in the national sea
simulator
YouTube video by Australian Institute of Marine Science, Available: https://youtu.be/e7H5FZykTVU
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Newly settled larvae are
small and vulnerable.
Competition and
predation cause most
post-settlement
mortality.
Survival is also affected
by pulse disturbances
such as bleaching and
disease.

This primary polyp of Agaricia humilis is barely 1mm across
Image: Dirk Petersen, SECORE, Available: http://www.secore.org/export/71/719232uthhxAxqCTm.jpeg
Reproduced with permission. http://www.secore.org
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Overgrowth by algae and encrusting
invertebrates (such as sponges,
bryozoans and bivalves) and
smothering by sediment can all
inhibit growth and survival of newly
settled corals.
Algae occupy available space, shade
and abrade developing corals.
Studies show that sponges and algae
contain allelopathic chemicals that
inhibit the growth of corals.

A single coral polyp soon after settlement.
Image:R. Babcock, Copyright Commonwealth of Australia (GBRMPA)
108584
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Recruitment
The highest levels of
mortality in newly settled
corals occur on outer
surfaces exposed to algae
growth and subsequent
grazing by reef herbivores,
such as parrotfish and sea
urchins.
Sub-cryptic habitats
(protected, internal
surfaces) offer coral
recruits much higher
survivorship rates, but
lower growth rates.
A coral recruit of Acropora tenuis
Image: Dirk Petersen. Copyright.
Reproduced with permission. http://www.secore.org
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Studies estimate the percentage of new recruits that survive to become juvenile (10 50mm diameter) ranges between 0 (none) and 77%.
This huge variation occurs across different scales of time (hours, days, seasons, years) and
space (microhabitat, reef zone, reef, sector).
Abiotic factors affecting
survival include:
sedimentation, light, nutrients,
depth, substrate orientation,
water motion and
temperature.
Biotic factors include:
competition from corals and
other invertebrates; predation
and incidental grazing by fish,
smothering by macroalgae.
Coral recruits

Narrissa P Spies [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]
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Competition
from other
corals
Corals compete with each other for
space.
Many corals have sweeper
tentacles- specialised long
tentacles- that are used to sting
their neighbours.
The sweeper tentacles of Galaxea
sp. can extend up to 10 cm and
damage any other corals within
reach.

Sweeper tentacles on a Galaxea coral
Image copyright: Nick Kirby (Reproduced with permission)
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Some corals can extend
their mesenterial
(stomach) filaments to
attack and digest their
neighbours.
Other corals, including
many soft corals, use
allelopathic chemicals to
retard growth and cause
localized mortality in
nearby hard corals

Mesenterial filaments digesting nearby coral.
Image copyright : Jake Adams, Reefbuilders (Reproduced with permission)
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Researchers are investigating the best types and shapes of substrate for coral settlement in
an attempt to restore coral reefs.
https://youtu.be/fPT-7gDCF7k

Results suggest that
coral larvae prefer
substrate that is hard,
and rough textured.
Ceramic and concrete
seem to be as
successful as natural
aragonite, so long as a
biofilm and crustose
coralline algae are
present.
Artificial substrates for shaping the reef

YouTube video by Australian Institute of Marine Science, Available: https://youtu.be/fPT-7gDCF7k
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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by
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T084 How reefs grow

Adam Richmond
Page 366

Syllabus statement
At the end of this topic you should be able to ...

Explain
that growth of reefs is dependent on accretion
processes being greater than destructive processes.
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Explain
• make an idea or situation plain or clear by describing it in more detail or
revealing relevant facts;
• give an account;
• provide additional information
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Objectives
1. Recall definitions for accretion and erosion.
2. Explain mechanical and bio-erosive forces.
3. Determine whether a reef is growing or being destroyed.
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This YouTube video introduces calcification:
https://youtu.be/9aQRD3DB688

UQx TROPIC101x 4.2.1 How to measure calcification
YouTube video available: https://youtu.be/9aQRD3DB688
Creative Commons Attribution License
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Accretion
Accretion refers to the growth of coral substrate due to calcification rate (syllabus definition).

This accretion process,
or calcification, occurs
when there is an
increase in the amount
of CaCO3 on a reef over
time.

Brain coral Image: Deep voyage
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Corals grow at different rates
Massive corals grow slowly, adding
5-25 mm per year.
Branching corals grow much faster,
up to 20cm per year.
The growth of corals is affected by
many factors. These were covered in
T071, and will be looked at again
next topic

This Porites coral is estimated to
be 1000 years old
Image: Phillip Colla
Reproduced with permission
www.oceanlight.com
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Non-coral organisms also contribute to accretion.

Crustose coralline algae (CCA),
bivalves, barnacles and other
organisms create CaCO3 on the
reef.
Of these, CCA produce the
most CaCO3, but also maintain
stability by cementing reef
together and producing the
chemical cues for settling coral
larvae.

Crustose coralline algae

Image: NOAA CCMA Biogeography Team, https://www.photolib.noaa.gov/bigs/reef2697.jpg
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This YouTube video introduces Decalcification:
https://youtu.be/tSVqg6IwFBM

UQx TROPIC101x 4.2.2Decalcification and its causes
YouTube video available: https://youtu.be/tSVqg6IwFBM
Creative Commons Attribution License

Page 374

Erosion
Destructive processes that counter
reef growth are referred to as
erosion.
This decalcification process, or
erosion, of the reef occurs when
there is a decrease in the amount of
CaCO3 on a reef over time.

Staghorn coral

Image: Copyright Commonwealth of Australia (GBRMPA)
Photographer: L. Zell, 114350
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Mechanical erosion is physical destruction cause by waves, storms, currents etc.
These images show a section of reef before and after Category 5 Tropical Cyclone Ita.

Images: Catlin Seaview survey, http://static.catlinseaviewsurvey.com/sites/default/files/styles/catlin-732-x/public/field/image/B%26A.jpg?itok=NOkkpKig
Copyright Underwater Earth Catlin Global Reef Record. Reproduced with permission.
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Biological erosion, or bioerosion is erosion caused by living organisms on the reef.

Herbivorous fish such as
parrotfish erode the
reef by scraping CaCO3
while grazing on the
overlying algal or coral
tissue.
Sea urchins are
significant CaCO3
grazers on temperate
reefs.
This type of erosion is
sometimes called
mechanical erosion.
Grazing scars from parrotfish

Image: PoojaRathod [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]
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Parrotfish grazing on overlying algal and coral tissue.
Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA

Page 378

Polychaete worms, sponges and bivalves also bore into coral structures. Borers
are most common in areas where there is not live coral cover.

Christmas tree worms bore into coral

Image: vjacob, via Pixabay, https://pixabay.com/photos/christmastree-worms-close-up-coral-202320/
Reproduced under licence: https://pixabay.com/service/terms/#license
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Algae, fungi and bacteria are called microborers due to their tiny size. However, they are
one of the bioeroders* on coral reefs.
The rates of
erosion caused
by grazing and
boring organisms
varies in different
regions.

Bioeroder

Inshore reef

Offshore reef

Grazer

0.004

0.68

Macroborer

0.13

0.03

Microborer*

0.15

1.4

Bioerosion rates on the Great Barrier Reef (kg CaCO3/m2/yr)
Table- Adam Richmond, with data from Tribollet and Golubi, 2005, cited in Silbiger, N. (2015). Environmental Drivers of
the Coral Reef Accretion-Erosion Balance in Present and Future Ocean Conditions.
Retrieved from http://hdl.handle.net/10125/51127

Bioeroders* are the biological agents that break down coral reefs.
Microborers* are organisms that bore microscopic holes into the
surface of the coral substrate. These include tiny endolithic algae,
cyanobacteria and fungi.
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Chemical erosion
Sponges are bioeroders, but instead of
biting or rasping coral, they use chemical
bio-erosion.
Chemical bioerosion is where the CaCO3 is
dissolved with acidic chemicals.
Bioerosion by sponges can remove up to
20kg of CaCO3 per m2/year, reducing the
coral skeletons to fine sediment.
Typical coral accretion rates are usually
less than 20kg per square meter per year.
What affect would sponge erosion have
on a reef that is stressed?

Photograph Copyright Deep voyage. Reproduced with permission.
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Coral reef growth
A coral reef will only grow when:
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The rate of accretion processes is greater than the rate of erosion processes.
This is common on reef slopes along the inner Great Barrier Reef, which average
growth rates of 11.5 +/- 1.1 mm/year. 1
1. van Woesik, R., & Cacciapaglia, C. (2018). Keeping up with sea-level rise: Carbonate production rates in Palau and Yap, western Pacific Ocean. PLOS
ONE, 13(5), e0197077. doi: 10.1371/journal.pone.0197077 Creative Commons 4.0 (CC BY)
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Coral reef growth
A coral reef will only just grow when:

Accretion
(calcification)
processes

Erosion
ion)
(decalcificat
processes

The rate of accretion is only just greater than the rate of erosion processes.
This is common on most reef flats, since sea levels stabilised 5000 years ago.
A healthy reef might accumulate 4 kg CaCO3/m2/yr, which is approximately 3mm.1
1. van Woesik, R., & Cacciapaglia, C. (2018). Keeping up with sea-level rise: Carbonate production rates in Palau and Yap, western Pacific Ocean. PLOS
ONE, 13(5), e0197077. doi: 10.1371/journal.pone.0197077 Creative Commons 4.0 (CC BY)
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Rising atmospheric CO2
The impact of rising atmospheric CO2
levels in open oceans is well understood,
but this is not the case for shallow
nearshore environments such as the
Great Barrier Reef.
Carbonate chemistry has great
variability over a range of special and
temporal scales.
This is an important and current area of
research at the Australian Institute of
Marine Science (AIMS).
Calcification rate as a function of CO2 concentration

Further discussion

After: Langdon, C. (2002). Review of Experimental Evidence for Effects of CO2 on Calcification of
Reef builders. Proceedings 9Th International Coral Reef Symposium, 1091-1098. Modified.

More on this in Topic 113.
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“This graph shows an overall decrease
in the rate of calcification in Porites
corals on the Great Barrier Reef since
1900.
Since 1980, there has been a dramatic
decrease in the calcification rate, which
has been attributed to increasing
acidification and increasing sea
temperature stress.
The light blue bands indicate 95 per
cent confidence intervals for
.
comparison
between years, and the
green bands indicate 95 per cent
confidence intervals for the predicted
value for any given year.”

Calcification (g/cm2/year)

Declining coral growth

Year
From: Langdon, C. (2002). Review of Experimental Evidence for Effects of
CO2 on Calcification of Reef builders. Proceedings 9Th International Coral
Reef Symposium, 1091-1098. Copyright, reproduced with permission may
not be altered.

From Great Barrier Reef Outlook Report 2009
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Worksheet
084
Construction and
destruction
by
Gail Riches
www.marineeducation.com.au

Page 386

T085 Abiotic factors affecting
reef distribution

Adam Richmond
Page 387

Syllabus statement
At the end of this topic you should be able to ...

Assess
data of abiotic factors (e.g. dissolved oxygen, salinity, substrate) that affect the
distribution of coral reefs.
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Assess
- measure, determine, evaluate, estimate or make a
judgment about the value, quality, outcomes, results,
size, significance, nature or extent of something .
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Objectives
To locate and interpret existing (secondary) data of the following eight
abiotic factors that affect coral reef distribution.
1. Dissolved oxygen (DO)
2. Light availability
3. Salinity
4. Temperature
5. Substrate and sediment
6. Seawater carbonate chemistry (Aragonite)
7. Nutrients (nitrates and phosphates)
8. Exposure, waves, tides and storms
Make informed judgements with reference to each of these 8 abiotic
factors.
Page 390

Prior knowledge
Discussion in this topic assumes knowledge of following statistical terms:
• Range, average and standard deviations of environmental parameters
• Pearson’s correlation coefficient
• You should also review Topic 071 Coral Geographic distribution with respect to
your answers to the abiotic factors in the table below:
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Finding data
The syllabus is asking you to
assess data that can be used to
study reefs.
The US based government
agency NOAA has free data for
reef scientists.
So spend some time looking at
the types of data sets available.
https://coralreefwatch.noaa.gov/crtr/da
ta_resources.php
https://coralreefwatch.noaa.gov/crtr/data_resources.php
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Interpreting data
Data can be compared with the
range, average and standard
deviations of environmental
parameters summarised by
Kleypas et al. 1999.
This paper can be downloaded
here:

https://academic.oup.com/icb/article/39/
1/146/124572

You have seen this table before
in Topic 71.

Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA Table, after:
Kleypas, J., Mcmanus, J., &, Menez L. (1999). Environmental Limits to Coral Reef Development: Where Do We
Draw the Line?. American Zoologist, 39(1), 146-159. doi: 10.1093/icb/39.1.146
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Data decision flow
chart

This flow chart works
from the top:
Is temp in the
acceptable range?
Yes- go to salinity

The flow chart presented by Guan
Y, Hohn S, & Merico A (2015) can
be used to determine whether the
data is suitable for coral.

No- unsuitable habitat.

Just follow the steps* to get the
answer.
•
•
•
•
•
•

T = temperature
S = salinity
N = nitrate
P = phosphate
Ω = aragonite
Z= depth (based on light intensity)

Guan Y, Hohn S, Merico A (2015) Suitable Environmental Ranges for Potential
Coral Reef Habitats in the Tropical Ocean. PLoS ONE 10(6): e0128831.
doi:10.1371/journal.pone.0128831 Creative Commons 4.0 (CC BY)
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1. Dissolved
oxygen (DO)
Study the data from the image
opposite and discuss these
questions.
a) Determine the DO level on
the Great Barrier Reef.
b) Where is DO the highest?
c) Describe the trend in DO
concentration, as you move
away from the Equator.

Dissolved oxygen levels at the ocean’s surface
Image: Plumbago [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)], from Wikimedia Commons

d) Suggest the relationship
between DO and sea surface
temperature.
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Discussion
Following a hypoxic (low oxygen)
event, Altieri et al (2017) observed
these changes in % coral alive (B)
and species richness (C).
Sites that are red and orange in the
figures were exposed to low
oxygen conditions; blue
experienced normal oxygen levels.
Note: The graphs
show correlation
between DO level
and corals alive, and
species richness.

Altieri, A., Harrison, S., Seemann, J., Collin, R., Diaz, R. and Knowlton,
N. (2017). Tropical dead zones and mass mortalities on coral
reefs. Proceedings of the National Academy of Sciences, 114(14),
pp.3660-3665. Available PNAS open accesshttps://www.ncbi.nlm.nih.gov/pmc/articles/PMC5389270/
PNAS NonCommercial No Derivatives 4.0 International (CC BY-NCND 4.0)
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2. Light availability
There is some interesting research on the
effects of lighting arising from the
aquaculture and aquarium industries.

The intensity of
sunlight
decreases with
depth

In nature, light intensity is confounded by
depth and turbidity.
However in aquaria, light intensity and
the light spectrum can be manipulated.

Image by Byron Inouye Reproduced with permission
https://manoa.hawaii.edu/exploringourfluidearth/physic
al/ocean-depths/light-ocean
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These graphs show the calcification rate and photosynthesis rate of Acropora variabilis and
Porites lutea with full visible spectrum (control) and 4 experimental colour spectra.

Figure from: Cohen, I., Dubinsky, Z., & Erez, J. (2016). Light Enhanced Calcification in Hermatypic Corals: New Insights from Light Spectral Responses. Frontiers In Marine Science, 2.
doi: 10.3389/fmars.2015.00122. (CCBY). Available: https://www.frontiersin.org/articles/10.3389/fmars.2015.00122/full#h8

Questions
a. Contrast the rate of photosynthesis of A. variabilis at different light spectra.
b. Which light colour did not support photosynthesis in either coral?
c. Which light colour supported the highest calcification rate?
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How did you go?
a. Contrast the rate of photosynthesis of A. variabilis at different light spectra.
Ans: Photosynthesis is highest in the control. Much less in red and lagoon blue, zero in blue
and negative in red.
b. Which light colour did not support photosynthesis in either coral? Ans: Blue
c. Which light colour supported the highest calcification rate? Ans: Blue. (Interestingly, blue
light is a cue for calcification. It is not involved in photosynthesis)

Figure from: Cohen, I., Dubinsky, Z., & Erez, J. (2016). Light Enhanced Calcification in Hermatypic Corals: New
Insights from Light Spectral Responses. Frontiers In Marine Science, 2. doi: 10.3389/fmars.2015.00122. (CCBY)
Available: https://www.frontiersin.org/articles/10.3389/fmars.2015.00122/full#h8
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The next graph looks at
photosynthetically active
radiation, often abbreviated
PAR.
PAR designates the spectral
range (wave band) of solar
radiation from 400 to 700
nanometers that
photosynthetic organisms are
able to use in the process of
photosynthesis.
PAR action spectrum for chloroplasts (oxygen evolution per incident photon) of an
isolated chloroplast.
By John Whitmarsh and Govindjee. - http://www.life.uiuc.edu/govindjee/paper/gov.html, from
"Concepts in Photobiology: Photosynthesis and Photomorphogenesis", Edited by GS Singhal, G Renger,
SK Sopory, K-D Irrgang and Govindjee, Narosa Publishers/New Delhi; and Kluwer Academic/Dordrecht,
pp. 11-51. From unpublished data., CC BY-SA 2.0,
https://commons.wikimedia.org/w/index.php?curid=6958887
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This table shows the light
ranges required for coral
growth, as suggested by
an aquarium lighting
manufacturer.

Table: PAR light ranges* required for coral growth in

Note: *The units of
Photosynthetically Active
Radiation (PAR) in this table are
in Microeinsteins per second per
square metre (µE m2sec)- which
is not a standard SI measure
Table: Adam Richmond, using a selection of data from Seneye, in association with Arcadia. Reproduced with permission
Seneye. CC BY-NC-ND 3.0 Retrieved from:
http://answers.seneye.com/index.php?title=en/Aquarium_help/What_is_PAR_%26_PUR_%3F/marine_coral_reef_PAR_levels

Questions
a. Identify the coral genus with the lowest “ideal” light requirement.
b. Predict which corals would struggle in an aquarium with 250 µE m2sec lighting.
c. Deduce which coral might be the best filter feeder of this selection.
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How did you go?
1. Identify the coral genus with the
lowest “ideal” light requirement.
Ans: Cyphastrea
2. Predict which corals would struggle in
an aquarium with 250 µE m2sec lighting.
Ans: All with ideal > 250: Pocillopora,
Porites, Sinularia
3. Deduce which coral might be the best
filter feeder of this selection.
Ans: Stylophora- since it can survive
with very low light

Table: Adam Richmond, using a selection of data from Seneye, in association with
Arcadia. CC BY-NC-ND 3.0 Reproduced with permission.
Retrieved from:
http://answers.seneye.com/index.php?title=en/Aquarium_help/What_is_PAR_%26_PU
R_%3F/marine_coral_reef_PAR_levels
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3. Salinity
Corals in the Persian Arabian Gulf (PAG) are known to
have greater thermal tolerance than corals in the Indo
Pacific (IP).
These graphs show the mean wet weight of colonies of
Montipora foliosa, from IP, and Porites lobata from PAG,
cultured at salinities of 36.5 and 42 ppt.

Figure from: D'Angelo, C., Hume, B., Burt, J., Smith, E., Achterberg, E., & Wiedenmann, J. (2015). Local adaptation
constrains the distribution potential of heat-tolerant Symbiodinium from the Persian/Arabian Gulf. The ISME
Journal, 9(12), 2551-2560. doi: 10.1038/ismej.2015.80 CCBY4.0
Available:
https://www.researchgate.net/publication/277014470_Local_adaptation_constrains_the_distribution_potential_
of_heattolerant_Symbiodinium_from_the_PersianArabian_Gulf
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4. Temperature
Corals are affected by increased temperature and by how long they are exposed to those elevated
temperatures.
This graph shows “Degree heating weeks” (DHW) for Lizard Island, during the bleaching events of
2016/2017.
Download your own data
here:
https://coralreefwatch.noaa.
gov/satellite/vs/index.php

Image: NOAA Coral Reef Watch. 2000, updated twice-weekly. NOAA Coral Reef Watch Operational 50-km Satellite Coral
Bleaching Degree Heating Weeks Product, Jan. 1, 2001-Dec. 31, 2010. Silver Spring, Maryland, USA: NOAA Coral Reef
Watch. Data set accessed 03/03/2019 at https://coralreefwatch.noaa.gov/satellite/hdf/index.php.
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Activity
This is the monthly mean
sea surface temperature
(SST) from 1981- 2019.
A. Generate your own
map here:
https://www.esrl.noaa.gov/psd/cgibin/db_search/DBSearch.pl?Dataset=NOA
A+Optimum+Interpolation+(OI)+SST+V2&
Variable=Sea+Surface+Temperature

B. Compare SST with
the distribution of
coral reefs on the
next slide
COBE-SST2 data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/
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Now study the distribution of reef building corals in the illustration below.

Image: NOAA National Ocean Service. https://oceanservice.noaa.gov/education/tutorial_corals/media/coral05a_480.jpg
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Now compare SST with the distribution
of coral reefs.

Image: NOAA National Ocean Service.
https://oceanservice.noaa.gov/education/tutorial_corals/media/coral05a_480.jpg

COBE-SST2 data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA,
from their Web site at https://www.esrl.noaa.gov/psd/

Can you see that
Reef building corals occur between 30oN and 30oS, which is the same as the distribution of pink and
red on the graph, depicting water with temperature 25.5oC or more.
Significance- most corals occur in warm tropical waters
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You can download temperature data
from over 100 sites at the AIMS Data
Centre:
https://www.aims.gov.au/docs/data/dat
a.html
Below is the data from the temperature
logger at Lizard Island

Source: Australian Institute of Marine Science
Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BYNC-SA
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5. Substrate and
sediment
This image is from a NASA
satellite shows a 12 km wide
plume of sediment-laden water
reaching out to the outer Great
Barrier reef.

Image: NASA Earth
Observatory. Wiki commons
CC 4.0 BY

Page 409

These flood plumes carry
sediment and nutrients into
the usually clear offshore
waters.
The Australian Institute of
Marine Science and CRC
Reef synthesized research
into the impacts of
terrestrial runoff.
This article can be
downloaded using the link
below.

Flood plume

Image: C. Honchin. Copyright Commonwealth of Australia (GBRMPA) 134464

Link to online paper:
https://www.researchgate.net/publication/7997270_Effects_of_terrestrial_runoff_on
_the_ecology_of_corals_and_coral_reefs_Review_and_synthesis
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6. Seawater carbonate chemistry (aragonite)
These maps show simulations of the Aragonite saturation (Ωarag) in 1860 and current day.
Atmospheric CO2 concentrations are shown in the top left corner. The histograms show
Ωarag of the seawater surrounding coral reefs.

Figure from Open Access article : Ricke, K., Orr, J., Schneider, K., & Caldeira, K. (2013). Risks to coral reefs from ocean carbonate chemistry
changes in recent earth system model projections. Environmental Research Letters, 8(3), 034003. doi: 10.1088/1748-9326/8/3/034003

Questions
a. Describe the trend in Ωarag in 1860, moving away from the equator.
b. Contrast the Ωarag in 1860 and current day
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7. Nutrients (nitrates and phosphates)
Small increases in nutrient levels can be beneficial for corals, however large increases cause
reduced reproductive success, calcification rates, and increased susceptibility to heat stress.

(b) Shows a coral
bleaching in
response to heat
stress

Figure from: D’Angelo, C., & Wiedenmann, J.
(2014). Impacts of nutrient enrichment on coral
reefs: new perspectives and implications for coastal
management and reef survival. Current Opinion In
Environmental Sustainability, 7, 82-93. doi:
10.1016/j.cosust.2013.11.029 Open access CCBY

Question
Identify the relationship between nutrient levels and coral health shown in the graph.
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8. Exposure, waves, tides and storms
Cyclone Yasi crossed the
Great Barrier reef in
2011, damaging 15% of
the total reef area of the
GBR.

https://earthobservatory.nasa.gov/images/49074/tropical-cyclone-yasi
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Worksheet
085
Abiotic borders
by
Gail Riches
www.marineeducation.com.au
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Queensland marine science syllabus guide

Unit 3 Marine systems connections and change
Topic 1: The reef and beyond

C. Reef habitats and connectivity
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T086 Corals as engineers

Adam Richmond
Page 417

Syllabus statement
At the end of this topic you should be able to ...

Recognise
that corals are habitat formers or ecosystem engineers
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Recognise
• identify or recall particular features of information
from knowledge;
• identify that an item, characteristic or quality
exists; perceive as existing or true;
• be aware of or acknowledge

Identify
- distinguish;
- locate, recognise and name;
- establish or indicate who or what someone or something is;
- provide an answer from a number of possibilities;
- recognise and state a distinguishing factor or feature
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Objectives
Recall definitions for habitat former
and ecosystem engineer.
Describe features of corals that make
them habitat formers and ecosystem
engineers.

Note:
The syllabus implies that you
will need an understanding of
habitat formers and

habitat cascades.

Editors note:

This topic introduces many new terms and once taught for the first
time may need reviewing as to how many terms are necessary.
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Definitions
From the Marine Science syllabus:

Ecosystem engineer
An organism that directly or indirectly controls the availability of resources to other
species by causing physical state changes in biotic or abiotic material.
They modify, maintain and create habitats.
(Jones, Lawton & Shachak, 1994)

Habitat former
Any organism that forms a habitat. They
• can be primary, secondary or focal;
• at least three habitat formers are required to create a habitat cascade.
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“The habitat cascade is
defined as indirect positive
effects on focal organisms
mediated by successive
facilitation in the form of
biogenic formation or
modification of habitat.”

References
http://www.thomsenlab.com/research/ha
bitat-cascades/

Habitat
Place where an organism normally occurs.
Cascade
Succession/sequence of stages, processes, or units.
Focal organisms
Eg: On a reef = Christmas tree worms, small fish,
small crustceans that live in and around coral.
Ecological facilitation describes species
interactions that benefit at least one of the
participants and cause harm to neither.
Biogenic
Produced or brought about by living organisms.

Stachowicz, J. J. 2001. Mutualism,
facilitation, and the structure of ecological
communities. BioScience 51: 235-246
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Habitat cascades are a general phenomenon that enhances species abundance and diversity in
forests, salt marshes, coral reefs, seagrass meadows, and seaweed beds.

Copyright Kerry Kitzelman. May be used under Creative Commons CC 4.0 BY-NC-SA
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Habitat cascades are characterized
by a hierarchy of facilitative
interactions in which a basal habitat
former.
Typically a large primary producer
e.g., a tree
creates living space for an
intermediate habitat former (e.g.,
an epiphyte)
that in turn
creates living space for the focal
organisms (e.g., spiders, beetles,
and mites).

Habitat cascade

Copyright Bob Moffatt. May be
used under Creative Commons
CC 4.0 BY-NC-SA
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Ecosystem engineers
“Ecosystem engineers are organisms that
directly or indirectly modulate the availability
of resources to other species, by causing
physical state changes in biotic or abiotic
materials. In so doing they modify, maintain
and create habitats.”1
Jones, C., Lawton, J., & Shachak, M. (1994), p.373

Organisms that interact with the
physical environment, and in doing so
create, modify or maintain a habitat
are ecosystem engineers.
The process of modifying the
environment as ecosystem
engineering.

1. Jones, C., Lawton, J., & Shachak, M. (1994). Organisms as Ecosystem
Engineers. Oikos, 69(3), 373. doi: 10.2307/3545850.
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Humans are ecosystem engineers that create, modify and maintain habitat.

Photograph Copyright Viewfinder. Reproduced with permission.
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Beavers are a well-known example of ecosystem engineers.

They cut down
trees and use them
to build dams
across streams.

Attribution: CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=223793
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These dams affect water
flow by
• creating wetlands;
• modifying nutrient and
sediment flows;
• changing the structure
of the riparian zone;
and
• influencing the
composition and
diversity of plant and
animal communities
downstream.

A beaver dam

Image: Hugo.arg [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]
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Two types of ecosystem engineers are autogenic and allogenic.

Autogenic engineers “change
the environment via their own
physical structures, i.e. their
living and dead tissues.”1

Complex coral habitat provides home for many reef dwellers.
Image: C. Jones, Copyright Commonwealth of Australia (GBRMPA) 141459

1.

Jones, C., Lawton, J., & Shachak, M. (1994). Organisms as Ecosystem
Engineers. Oikos, 69(3), 373. doi: 10.2307/3545850.

Page 429

Corals are autogenic engineers, because
in producing complex, hard and stable
skeletal structures,
• they change the physical, chemical,
and biological environment and
• create habitats for other reef
organisms. 1

1.

Wild, C., Hoegh-Guldberg, O., Naumann, M.,
Colombo-Pallotta, M., Ateweberhan, M., & Fitt,
W. et al. (2011). Climate change impedes
scleractinian corals as primary reef ecosystem
engineers. Marine And Freshwater
Research, 62(2), 205. doi: 10.1071/mf10254

Illustration copyright Sophie Hall. Reproduced with permission.
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Allogenic engineers change the
environment by transforming living or
nonliving materials from one physical
state to another, via mechanical or
other means.1
Corals act as allogenic ecosystem
engineers because they intensively
generate and transform inorganic and
organic materials. Coral skeletons are
transformed into calcareous reef sands
by bioerosion and physical erosion
processes.2
You shouldn’t have to remember
the two types of ecosystem
engineers- but coral is both kinds
of ecosystem engineer!

Parrotfish “making” sand.
Image: Ji Wang, reproduced with permission

1.
2.

Jones, C., Lawton, J., & Shachak, M. (1994). Organisms as Ecosystem Engineers. Oikos, 69(3), 373. doi: 10.2307/3545850.
Wild, C., Hoegh-Guldberg, O., Naumann, M., Colombo-Pallotta, M., Ateweberhan, M., & Fitt, W. et al. (2011). Climate
change impedes scleractinian corals as primary reef ecosystem engineers. Marine And Freshwater Research, 62(2), 205.
doi: 10.1071/mf10254
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Habitat formers
Species able to support another
species by
• providing suitable environmental
conditions,
• enhancing the availability of or
access to limiting resources, or
• reducing the effects of negative
species interactions, such as
competition, predation, and
diseases.1

1. Text verbatim from: Bulleri, F., Eriksson, B., Queirós, A., Airoldi,
L., Arenas, F., & Arvanitidis, C. et al. (2018). Harnessing positive
species interactions as a tool against climate-driven loss of
coastal biodiversity. PLOS Biology, 16(9), e2006852. doi:
10.1371/journal.pbio.2006852. Open Access

Branching coral provide protection from predation
Image: Justin Marshall, Copyright CoralWatch. Reproduced with permission.
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Habitat formers are ecosystem
engineers, since they create
habitat.
Although not all ecosystem
engineers are habitat formers
some ecosystem engineers
causes habitat destruction.

By (WT-en) Jpatokal at English Wikivoyage, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=22934836
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Primary, secondary and focal habitat formers
Primary habitat formers are ecosystem engineers; and are also known as ultimate habitat
formers, basal habitat formers, and foundation species.
They are habitat forming organisms like trees, seagrass, kelp or corals that create a habitat.

Hard corals create a habitat for many organisms
Image: Justin Marshall, Copyright CoralWatch. Reproduced with permission.
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Secondary habitat formers live in the
habitat created by the primary
habitat former.

What is the secondary habitat former in this photograph?

• Examples include climbing vines,
epiphytes and bivalves.
Focal organisms live in the secondary
habitat.
• They are also known as clients,
end-users, habitat-users or
inhabitants.
Thomsen et al clarify these terms in this article:
Thomsen, M., Wernberg, T., Altieri, A., Tuya, F., Gulbransen, D., &
McGlathery, K. et al. (2010). Habitat Cascades: The Conceptual
Context and Global Relevance of Facilitation Cascades via Habitat
Formation and Modification. Integrative And Comparative
Biology, 50(2), 158-175. doi: 10.1093/icb/icq042
Available:
https://academic.oup.com/icb/article/50/2/158/612831
Image:E. Matson, Copyright Commonwealth of Australia (GBRMPA) 124781
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Habitat cascades
A habitat cascade is a term for a positive
interaction “where a species A provides
habitat for a species B, which in turn
provide habitat for a species C… and so on.”
In the example on the right, the seaweed
(A) is the primary habitat former.
• It provides habitat for the epiphyte (B),
which in turn
• provides habitat for the small
invertebrates (C).
Image and Quote from: Alfonso
Siciliano , Reproduced with
permission.
Available:
http://www.alfonsosiciliano.com/rese
arch/phd/

These small invertebrates are the focal
organisms.
An example of a habitat cascade
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Hard corals deposit a solid
structure that provides
habitat for the yellow and
red soft corals.
The yellow sea fan provides
a habitat for several feather
stars.

Photograph Copyright Viewfinder.
Reproduced with permission.
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Feather stars can also provide habitat for commensal shrimp.

Image: CC Prilfish, from Flickr, available https://flic.kr/p/cNmqbU. CC 4.0 BY
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Worksheet
086
Home sweet home
by
Gail Riches
www.marineeducation.com.au
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T087 Reef rugosity

Adam Richmond
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Syllabus statement
At the end of this topic you should be able to ...

Explain
that habitat complexity (rugosity), established by corals, influences diversity of other
species.
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Explain
make an idea or situation plain or clear by describing it in more detail or
revealing relevant facts; give an account;
provide additional information
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Objective
Give a four point summary of how the rugosity of a
coral reef affects the diversity of other species.
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Definition
Habitat complexity is the real size, number and diversity of habitat types and
distinct ecological zones within a specified area1.

The Great Barrier Reef has many different ecological zones and habitat types
Image: By Rheins, CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=57733466
1

Definition from NOAA
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The habitat complexity of a benthic marine environment is known as rugosity.
The terms “topographic complexity” and “substrate complexity” all mean the same thing.
Rugosity is the state of
ruggedness or
irregularity of a surface.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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In a reef context, it refers to the amount of “wrinkling” or roughness of the reef profile.

This coral outcrop provides habitat complexity
Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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The complex skeletons of calcium carbonate created by scleractinian corals
increase rugosity.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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A rugosity index is a measure
that provides an indication of
the structural habitat
complexity.
Rugosity can be measured on
different scales- just as
habitat complexity occurs on
different scales

Image Peter Mumby. Reproduced with permission from:
Kennedy, E., Perry, C., Halloran, P., Iglesias-Prieto, R.,
Schönberg, C., & Wisshak, M. et al. (2013).
Avoiding Coral Reef Functional Collapse Requires Local
and Global Action. Current Biology, 23(10), 912-918. doi:
10.1016/j.cub.2013.04.020,
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Rugosity can be measured using the chain-tape method.
Note:
Laying out a chain
must be done
carefully to avoid
damaging the
coral.

Image: Copyright Nyssa Silbiger. Reproduced with permission.
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Rugosity is measured as the ratio between the length of the chain and the tape.
The chain follows the contoured surface profile, and the tape measures the linear distance
between the two end points.

Image: Friedman, A., Pizarro, O., Williams, S., & Johnson-Roberson, M. (2012). Multi-Scale Measures of Rugosity, Slope and Aspect from Benthic
Stereo Image Reconstructions. Plos ONE, 7(12), e50440. doi: 10.1371/journal.pone.0050440 adapted from Hill J, Wilkinson C (2004) Methods for
ecological monitoring of coral reefs. Technical report. [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]
Available:
https://doi.org/10.1371/journal.pone.0050440.g002
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Underwater cameras and imaging also enable 3D imaging of the seafloor. The advantages
include:
• Virtual calculations using data collected by underwater drones are faster,
• have no environmental impact and
• can be easily repeated on different scales.

Image and Reference: Friedman, A., Pizarro, O., Williams, S., & Johnson-Roberson, M. (2012). Multi-Scale Measures of Rugosity, Slope and Aspect from
Benthic Stereo Image Reconstructions. Plos ONE, 7(12), e50440. doi: 10.1371/journal.pone.0050440. [CC BY-SA 4.0
(https://creativecommons.org/licenses/by-sa/4.0)]
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Some scientists use a
digital plumb bob as it
is faster and has less
impact.

Image: Dustan, P., Doherty, O., & Pardede, S. (2013). Digital Reef Rugosity Estimates Coral Reef Habitat Complexity. Plos
ONE, 8(2), e57386. doi: 10.1371/journal.pone.0057386. [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]
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In 2013, three scientists used this digital reef rugosity
to estimate coral reef habitat complexity on reefs to
the north of Bali.
You need to skim read this article before you go
further.
https://journals.plos.org/plosone/articl
e?id=10.1371/journal.pone.0057386
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They found that areas with high rugosity provide more cover for reef fish and more places
for attachment for algae, corals and other sessile invertebrates.1
The contribution of
live coral cover to
reef rugosity can be
clearly seen in the
diagram opposite.

1. Fuad, M. (2010). Coral reef
rugosity and coral biodiversity.
Enschede: University of Twente
Faculty of Geo-Information and
Earth Observation (ITC).

Image: Dustan, P., Doherty, O., & Pardede, S. (2013). Digital Reef Rugosity Estimates Coral Reef Habitat Complexity. Plos
ONE, 8(2), e57386. doi: 10.1371/journal.pone.0057386. [CC BY-SA 4.0 (https://creativecommons.org/licenses/bysa/4.0)]
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By using Shannons index – H they found that the biodiversity of 5 families of fish
based on abundance and biomass is significantly correlated with rugosity as
shown in the graphs below.

Image and reference: Dustan, P., Doherty, O., & Pardede, S. (2013). Digital Reef Rugosity Estimates Coral Reef Habitat Complexity. Plos ONE, 8(2), e57386.
doi: 10.1371/journal.pone.0057386. [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]
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Remember from T037 last
year

Image Bob Moffatt
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High rugosity increases fish diversity because it reduces interspecific competition by
providing a greater range of niches and resources.

It also increases fish
survivorship by
reducing preypredator encounter
rates by offering more
places to hide.

Image: Justin Marshall, Copyright CoralWatch. Reproduced with permission.
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Large areas of branching corals provide habitat for a huge number of fish from
relatively few species.
These areas house a higher density of fish, but a less diverse and even fish
community.
Researchers1 have
determined that 85%
of the individual fish
in a branching coral
community belonged
to just 5 species.

Ref: 1 Palacios, M., & Zapata, F. (2014). Fish community structure on coral habitats with contrasting architecture in the Tropical Eastern
Pacific. Revista De Biología Tropical, 62, 343. doi: 10.15517/rbt.v62i0.16360
Image: MDC SeaMarc Maldives [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]

Page 458

An area with massive coral species with a diversity of shapes and sizes
provides a more complex and high-relief reef scape, that sustains a more
diverse and even fish community.
Larger
predatory fish
seek the shade
and
concealment
offered by
coral outcrops.

Photograph Copyright Viewfinder. Reproduced with permission.
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Explanation 4 point summary
1. High rugosity increases fish diversity because it reduces interspecific competition
by providing a greater range of niches and resources.
2. Large areas of branching corals provide habitat for a huge number of fish from
relatively few species.
3. These areas house a higher density of fish, but a less diverse and even fish
community. Researchers have determined that 85% of the individual fish in a
branching coral community belonged to just 5 species.
4. An area with massive coral species with a diversity of shapes and sizes provides a
more complex and high-relief reef scape, that sustains a more diverse and even
fish community.
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This YouTube video provides a quick summary:
https://youtu.be/fOTgMSKQhsA

How does reef rugosity affect fish diversity?
YouTube video by Megan Francis, available: https://youtu.be/fOTgMSKQhsA
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Worksheet
087
Bumpy or flat
by
Gail Riches
www.marineeducation.com.au
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T088 Connectivity in reef
ecosystems

Adam Richmond
Page 463

Syllabus statement
At the end of this topic you should be able to ...

Explain
connectivity between ecosystems and the role this plays in species replenishment
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Explain
• make an idea or situation plain or clear by describing it in more detail or
revealing relevant facts; give an account;
• provide additional information
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Objectives
1. Define connectivity
2. What is meant by “species replenishment”
3. Describe in detail how connectivity between
ecosystems is necessary for species replenishment.
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Definitions
Connectivity is defined as the extent to which populations are linked by the exchange of
eggs, larval recruits, juveniles or adults as well as ecological linkages associated with
adjacent and distant habitats over time.
Species replenishment refers to the reproduction and recruitment of organisms to replace
those that have died as the result of disturbances (eg, bleaching, cyclones, fishing) or
natural processes.
This term is mostly used in fisheries and ecosystem management.
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“Coral reefs are
inherently patchy
and fragmented
habitats, and many
reef organisms exist
as spatially distinct
local populations
connected by an
unknown degree
and distance.”
(Sale et al, 2010, p 35)

Reference:

P.F. Sale, H. Van Lavieren, M.C.
Ablan Lagman, J. Atema, M. Butler,
C. Fauvelot, J.D. Hogan, G.P. Jones,
K.C. Lindeman, C.B. Paris, R.
Steneck and H.L. Stewart. 2010.
Preserving Reef Connectivity: A
Handbook for Marine Protected
Area Managers. Connectivity
Working Group, Coral Reef
Targeted Research & Capacity
Building for Management
Program, UNU-INWEH.

Patches of coral reef are scattered across the
deep blue ocean waters of Slashers Reef
Copyright Commonwealth of Australia (GBRMPA Slide 136441 Photographer: J. Jones
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The movement of organisms between habitats is ‘populational’ connectivity.
This can occur within the same habitat type, eg reef- reef, or between different habitat types, eg.
Mangrove- coral reef.

View of mangrove
forests and fringing reef
in Bolger Bay, on
Magnetic Island in
Townsville.
Copyright Commonwealth of Australia (GBRMPA, Slide 120673 ) Photographer: J. Jones
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‘Genetic’ connectivity is the amount of geneflow between populations
over several generations.

Photograph Copyright Viewfinder. Reproduced with permission.
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Habitat fragmentation can lead to genetic isolation, genetic drift, mutation and the evolution of
new species.
Dascyllus trimaculatus, the
three-spot damselfish is part
of a 7 part species complex
thought to have been
created by geographical
isolation

Image: Lakshmi Sawitri [CC BY 2.0 (https://creativecommons.org/licenses/by/2.0)]
Reference: P.F. Sale, H. Van Lavieren, M.C. Ablan Lagman, J. Atema, M. Butler, C. Fauvelot, J.D. Hogan, G.P. Jones,
K.C. Lindeman, C.B. Paris, R. Steneck and H.L. Stewart. 2010. Preserving Reef Connectivity: A Handbook for Marine
Protected Area Managers. Connectivity Working Group, Coral Reef Targeted Research & Capacity Building for
Management Program, UNU-INWEH. Available: https://www.coralcoe.org.au/wpcontent/uploads/2017/08/crtr_connectivityhandbook_web_english.pdf
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‘Ecological’ connectivity is the movement of individuals between populations, that can
influence the population demographics and dynamics. 1

Green, A., Maypa, A., Almany, G., Rhodes, K., Weeks, R., & Abesamis, R. et al. (2014). Larval dispersal and movement patterns of coral reef fishes, and implications for
marine reserve network design. In doi: 10.1111/brv.12155 CC 4.0 BY NC ND

Reference: 1 P.F. Sale, H. Van Lavieren, M.C. Ablan Lagman, J. Atema, M. Butler, C. Fauvelot, J.D. Hogan, G.P.
Jones, K.C. Lindeman, C.B. Paris, R. Steneck and H.L. Stewart. 2010. Preserving Reef Connectivity: A Handbook for
Marine Protected Area Managers. Connectivity Working Group, Coral Reef Targeted Research & Capacity
Building for Management Program, UNU-INWEH,
Available:
https://www.coralcoe.org.au/wp-content/uploads/2017/08/crtr_connectivityhandbook_web_english.pdf
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The scale of
migration of adult
fish varies.
Distances can range
from metres
between habitat
“patches” to
hundreds of km
across ecosystems. 2

Reference 2 and Image: Green, A.,
Maypa, A., Almany, G., Rhodes, K.,
Weeks, R., & Abesamis, R. et al.
(2014). Larval dispersal and
movement patterns of coral reef
fishes, and implications for marine
reserve network design. Biological
Reviews, 90(4), 1215-1247. doi:
10.1111/brv.12155, open access
article, available:
https://onlinelibrary.wiley.com/doi/f
ull/10.1111/brv.12155

Tuna migrations

Images Copyright AFMA . Reproduced with permission.

Page 473

Corals and other sedentary or
sessile invertebrates rely on
planktonic or pelagic larvae to
disperse.

This map shows the
connectivity of larval flow in
the Great Barrier Reef.
The arrows indicate the
strength of the connection.

Image:
Eric Lawrey (AIMS) CC BY 3.0, available https://eatlas.org.au/neaus-seascape-connectivity/acropora-larval-flow
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Populations of organisms living on coral reefs have long
been thought to be dependent on the recruitment of
larvae from distance sources “upstream”. 1

Reference: 1 Abesamis, Rene A. (2011) Replenishment and connectivity of reef fish populations in the
central Philippines. PhD thesis, James Cook University.
Available:
http://eprints.jcu.edu.au/27947/
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This map shows the spawning grounds (yellow circles) and larval dispersal pathways of
spiny crayfish, Panulirus ornatus, larvae in the South-East Asian archipelago.
Image: Dao, H., SmithKeune, C., Wolanski, E.,
Jones, C., & Jerry, D. (2015).
Oceanographic Currents and
Local Ecological Knowledge
Indicate, and Genetics Does
Not Refute, a Contemporary
Pattern of Larval Dispersal
for The Ornate Spiny
Lobster, Panulirus ornatus in
the South-East Asian
Archipelago. PLOS
ONE, 10(5), e0124568. doi:
10.1371/journal.pone.01245
68 (CC BY 4.0) Reproduced
with permission.

Pattern of Larval Dispersal for The Ornate Spiny Lobster
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The behavior of pre-settlement larvae, as well as ocean currents, influences the connectivity
of reef organisms. Larvae respond to magnetic, light, sound, olfactory and chemical cues to
orientate towards reefs.
Late stage larvae of coral
reef fish are remarkable
swimmers, capable of
speeds up to 65cm/second
and distance equivalent to
140km 1.
1. Bellwood, D., & Fisher, R. (2001). Relative
swimming speeds in reef fish larvae. Marine
Ecology Progress Series, 211, 299-303. doi:
10.3354/meps211299

Image: Andrew J. Green / Reef life Survey. [CC BY 3.0 (https://creativecommons.org/licenses/by/3.0)]

Page 477

Amphiprion melanopus
larvae can swim at 49
body lengths/second.

Illustration Sharyn Madder Copyright Wet Paper May be used under
Creative Commons CC 4.0 BY-NC-SA
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This TED talk discusses the dispersal and habitat selection of the yellow tang surgeonfish.
https://youtu.be/iCM6CawGBRk

The secret lives of baby fish - Amy McDermott
YouTube video by TED Ed, available https://youtu.be/iCM6CawGBRk
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Mangrove and seagrass habitats serve as a nursery ground for a range of species that live
on coral reefs. The ”nursery hypothesis” suggests that inshore juvenile ecosystems
replenish adult populations in adjacent ecosystems.
This is an example of ontogenetic
migration.
The blue highway poster (right, and
next slide) illustrates connectivity
between a range of habitats within
the Great Barrier Reef and its
catchment.
Download a copy here:

http://www.russellkelley.info/print/the-bluehighway/
Image copyright Russell Kelley, Reproduced with permission.

Reference: Nagelkerken, I., Huebert, K., Serafy, J., Grol, M., Dorenbosch, M., & Bradshaw, C. (2017). Highly localized replenishment of coral reef fish populations near
nursery habitats. Marine Ecology Progress Series, 568, 137-150. doi: 10.3354/meps12062. Attribution 4.0 International (CC BY 4.0)
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Image: with permission, Russell Kelley

Download
a copy.

Download link
http://www.russellkelley.info/print/the-blue-highway/
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Image: with permission, Russell Kelley

Download
a copy.

Download link
http://www.russellkelley.info/print/the-blue-highway/

Page 482

Having a connected mangrove habitat influences the community structure of fish on nearby
coral reefs.
For example, the
abundance of
commercially
important species
on a protected reef
close to
mangroves is
significantly
greater, (some say
double), than that
on a protected reef
isolated from
mangroves.

Mangroves act as nursery grounds for coral reefs.
Image copyright Project AWARE : Reproduced with permission T Pince,
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Nagelkerken et al investigated the dependency of commercially significant fish species, and found
that some species have high dependence on the connectivity between their nursery and adult
habitat, others have low or no dependence.

Figure- cropped section of Figure 2, in Nagelkerken, I., Huebert, K., Serafy, J., Grol, M., Dorenbosch, M., & Bradshaw, C. (2017). Highly localized replenishment
of coral reef fish populations near nursery habitats. Marine Ecology Progress Series, 568, 137-150. doi: 10.3354/meps12062
Fish Images: Scarus and Lutjanus: Paul Asman and Jill Lenoble; Sparisoma:
NOAA CCMA Biogeography Team [CC BY 2.0 (https://creativecommons.org/licenses/by/2.0)],
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Some coral reefs are so isolated that their connectivity to other reefs is low. These reefs are selfreplenishing; their recruits come from the same reef complex.
For example, a study1
found the three- striped
Butterfly fish Chaetodon
tricinctus at Norfolk island
were found to be 95%
self-replenished.

Reference:
1. van der Meer, M., Horne, J., Gardner, M.,
Hobbs, J., Pratchett, M., & van Herwerden,
L. (2013). Limited contemporary gene flow
and high self-replenishment drives
peripheral isolation in an endemic coral reef
fish. Ecology And Evolution, 3(6), 1653-1666.
doi: 10.1002/ece3.584

95%
Image: Ian V. Shaw / Reef Life Survey. License: CC By Attribution
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Source and
sink reefs
Hock et al identified 100
“robust source reefs” on
the Great Barrier Reef
that have ideal
characteristics, including
high levels of connectivity,
that have the potential to
replenish 47% of the reef
in one dispersal event.
Download the Open
Access article here:

PLOS – the Public Library of Science, is referenced significantly in this
power point series

https://www.ncbi.nlm.nih.gov
/pmc/articles/PMC5705071/
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In this study
Ocean currents were
found to disperse
larvae and create
connectivity links
among reefs, leading
to an emergence of
source reefs with high
potential to support
coral replenishment.

Image and Reference: Hock, K., Wolff, N., Ortiz, J., Condie, S., Anthony, K., Blackwell, P., & Mumby, P. (2017).
Connectivity and systemic resilience of the Great Barrier Reef.
PLOS Biology, 15(11), e2003355. doi: 10.1371/journal.pbio.2003355 Creative Commons 4.0 (CC BY)
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An understanding of connectivity
of marine habitats was deemed
necessary for effective special
management of fisheries and the
establishment of marine reserves.
For example, a Marine Protected
Area that protects only the
habitat of the adult part of an
organism’s lifecycle will be
ineffective if their nursery habitat
is degraded.
Note:
Material supplied by the Great Barrier Reef Marine
Park Authority in the next two slides, accredited as
© Commonwealth of Australia (GBRMPA) 2019 has
been supplied for this project only, for the
purposes of research and study only.

Copyright Commonwealth of Australia.
https://parksaustralia.gov.au/marine/pub/maps/fnl-mp-2018-cs-map-zones.pdf
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GBRMPA undertook a
bioregion analysis of the reef
and produced non reef and
reef bioregional maps.

For a better view,
you can download
these at:
http://www.gbrmpa.gov.au/
our-work/our-programs-andprojects/rap

© Commonwealth of Australia
(GBRMPA) 2019
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In the review of reef
biodiversity, 1999 and
2004, the
Representative Areas
Program of the Great
Barrier Reef Marine
Park (RAP), recognised
70 bioregions based on
existing biological and
geomorphological
knowledge.

For a better view,
you can download
these at:
http://www.gbrmpa.gov.au/
our-work/our-programs-andprojects/rap

Download the program
and answer the
following question:
What was the aim of
each bioregion?

© Commonwealth of Australia
(GBRMPA) 2019
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Activity
Cut and paste into your
notes and enlarge to
suit.

© Commonwealth of Australia
(GBRMPA) 2019
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Worksheet
088
S.O.S.
by
Gail Riches
www.marineeducation.com.au
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T089 Fish life cycles

Adam Richmond
Page 494

Syllabus statement
At the end of this topic you should be able to ...

Understand
that fish life cycles are integrated within a variety of habitats including reef and
estuarine systems.
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Understand
• perceive what is meant by something; grasp;
• be familiar with (e.g. an idea);
• construct meaning from messages, including oral, written and graphic
communication
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Objective
Draw a diagram to show how fish lifecycles
incorporate different habitats.
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Watch this YouTube video for a refresher of larval dispersal and a great introduction to this topic
https://youtu.be/FyTO-UHi-0c

Animation of a Parrotfish lifecycle

YouTube video by XL CATLIN SEAVIEW SURVEY, University of Queensland CC-BY-SA, available: https://youtu.be/FyTO-UHi-0c
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Connectivity
review
“In the GBR, the
connection between
mangrove habitats,
seagrass beds, and
coral reefs is critical
for the completion of
some fishes’ life
cycles, such as
the red emperor” 1
The lifecycle of the red emperor, Lutjanus sebae
Image copyright Russell Kelley, Reproduced with permission

1. Goudkamp, K. and Chin, A. June 2006, ‘Mangroves and Saltmarshes’ in Chin. A, (ed) The State of the Great Barrier Reef On-line, Great Barrier Reef Marine Park Authority, Townsville.
Viewed on 26/4/2019, http://www.gbrmpa.gov.au/publications/sort/mangroves_saltmarshes
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Ontogenetic migration is the migration to different habitats at different life cycle stages.

Image copyright Russell Kelley, Reproduced with permission
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A typical coral reef fish has a
two-part life cycle:
• a pelagic (or planktonic) egg
and larval stage,
• followed by demersal
(bottom-dwelling) juveniles
and adult stages.
Most fish are broadcast
spawners - like the parrotfish
and red emperor in the previous
slides.

Image copyright : Pierre THIRIET, French National
Museum of Natural History. Reproduced with
permission.
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Some larger species such as snappers and grouper (Lutjanidae and Serranidae) migrate to
spawning sites.

Twinspot snapper (Lutjanus bohar) releasing a cloud of sperm and eggs
Image copyright : Reproduced with permission Tony Wu, www.tony-wu.com
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Some smaller fish, like damsel fish and clownfish, brood their eggs until they hatch.
Clownfish eggs are defended by the male until they hatch. The juveniles then spend 2 -3
weeks in the water column.

Watch the video
https://youtu.be/xFyOv72g9oo?t=27

Clownfish laying eggs

YouTube video by Scuba Diving Resource, Available: https://youtu.be/xFyOv72g9oo?t=27
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The larval stage of fish ranges from a few days to several months, during
which time fish can be distributed a long way on ocean currents.
Larvae often develop in the open ocean, to avoid high levels of predation
on the reef.

A stylised reef fish life cycle

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Some coral reef
fish, like coral
trout, settle
straight into a
coral reef
environment.
However many
coral reef fish
spend the
juvenile stage
of their life
cycle in an
estuarine
environment.

The life cycle of the Coral trout, Plectropomus leopardus
Image: David Welch, 2014 CCBY, from eAtlas.org.au Reproduced with permission
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Seagrass beds and mangroves often serve as nursery habitats.

Concept by Nancy Tsernjavski, Illustration by Sharyn Madder and Kerry Kitzelman , copyright MESA, reproduced with permission.
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Mangrove and
sheltered waters
ecosystems
provide larval
fish a sheltered
environment, an
abundant and
diverse food
supply and
protection from
predation.

Concept by Nancy Tsernjavski, Illustration by Sharyn Madder and Kerry Kitzelman , copyright MESA, reproduced with permission.
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Mangrove prop roots create a habitat essential for many fish and invertebrates.
Learn more about
mangrove and
seagrass nursery
grounds here:
Saenger, P, Gartside, D & FungeSmith, S 2013, A review of
mangrove and seagrass
ecosystems and their linkage to
fisheries and fisheries
management, report to Food and
Agriculture Organization of the
United Nations Regional Office for
Asia and the Pacific Bangkok,
Thailand. ISBN: 9789251077733
Accessible:
https://epubs.scu.edu.au/cgi/vie
wcontent.cgi?article=3251&conte
xt=esm_pubs

Juvenile lutjanids shelter among mangrove roots.

Image : with permission, Matthew Costa, Aburto Laboratory, Scripps Institution of Oceanography
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Large estuary cod and mangrove jack found in North Queensland estuaries were all found to
be juveniles.1.
These “estuary” fish are really coral reef fish- the adults live offshore.

Estuary cod Epinephelus coioides and Mangrove jack, Lutjanus argentimaculatus
Images: Sahat Ratmuangkhwang [CC BY 3.0 (https://creativecommons.org/licenses/by/3.0)]

1. Sheaves, M. (1995). Large lutjanid and serranid fishes in tropical estuaries: Are they adults or juveniles?. Marine Ecology Progress Series, 129, 31-41. doi:
10.3354/meps129031
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This diagram shows the lifecycle of the mangrove jack in the Great Barrier Reef catchment.

Download the pdf version
here:
http://elibrary.gbrmpa.gov.au/jsp
ui/bitstream/11017/822/3/Mangr
ove_Jack_Life_Cycle.pdf

Image: Copyright Commonwealth of Australia (GBRMPA) for the diagram which was created by Paul Groves Courtesy of the
Integration and Application Network, University of Maryland Center for Environmental Science (ian.umces.edu/symbols/)
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The mangrove jack uses a range of macro-habitats, that changes during their life cycle.
See page 39
of:
http://www.fr
dc.com.au/Ar
chivedReports/FRDC
%20Projects/
2013046_DLD.pdf
for the next 3
slides

Image: Sheaves M., Barnett A., Bradley M, Abrantes K.G., Bryans M., James Cook University, 2016, Life history specific habitat utilisation of tropical
fisheries species, Townsville, Australia, July. CC BY 3.0, available: http://www.frdc.com.au/Archived-Reports/FRDC%20Projects/2013-046_DLD.pdf
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Mangrove jack use a range of macro-habitats, that changes during their life cycle.

Image: Sheaves M., Barnett A., Bradley M, Abrantes K.G., Bryans M., James Cook University, 2016, Life history specific habitat utilisation of tropical fisheries species, Townsville,
Australia, July. CC BY 3.0, available: http://www.frdc.com.au/Archived-Reports/FRDC%20Projects/2013-046_DLD.pdf

Page 512

Mangrove Jack also use meso-habitats with structure within a macro-habitat

Image: Sheaves M., Barnett A., Bradley M, Abrantes K.G., Bryans M., James Cook University, 2016, Life history specific
habitat utilisation of tropical fisheries species, Townsville, Australia, July. CC BY 3.0, available:
http://www.frdc.com.au/Archived-Reports/FRDC%20Projects/2013-046_DLD.pdf
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Summary
• Many species of fish, including many commercially important species, spend part of their
lifecycle in mangroves, seagrass, estuaries or shallow coastal habitat.
• These habitats act as “nursery area” providing food, shelter and protection from
predation. Fish migrate (ontogenetic migration) to different habitats as they mature.
• The level of dependence on different habitats varies between species and life-cycle stage.
• This has implications for the management of these species and design of marine parks.
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Worksheet
089
Fish Moving Home
by
Gail Riches
www.marineeducation.com.au
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T090 Fish reef benefits

Adam Richmond
Page 517

Syllabus statement
At the end of this topic you should be able to ...

Describe
how fish, particularly herbivore populations, benefit coral reefs
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Describe
• give an account (written or spoken) of a situation, event, pattern or
process, or of the characteristics or features of something
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Objectives
Complete two sentences on how herbivores benefit coral reefs.
Fish play critical roles in the …….
Herbivorous reef fishes are particularly important in ……….. ……….
Use an experiment to justify your answer.

Page 520

Fish play critical roles
in the functional
ecology of coral reefs.
Herbivorous reef
fishes are particularly
important in
preventing and
reversing the
development of
stands of macroalgae.

Surgeonfish are among the most common of coral reef
herbivores, often feeding in shoals.
By Uxbona - Own work, CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=5684850
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“Plant-eating fish, or herbivores,
remove seaweed from reefs.
In normal conditions, these fish act
as nature’s lawnmowers and keep
seaweed levels under control by
grazing close to the bottom of the
reef.”
Text from poster, GBRMPA

Download a pdf copy of this poster
here:
http://www.gbrmpa.gov.au/__data
/assets/pdf_file/0006/247848/Cor
al-Recovery-A4-Flyer_4Print.pdf
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There are several ecological roles, or functional groups of herbivorous fish on reef systems.
•
•
•
•

Scrapers/small excavators
Large excavators/bioeroders
Grazers/detritivores
Browsers

This large male steephead
parrotfish, Chlorurus microrhinos
is a large excavator/bioeroder.
Reference:

Green, A., & Bellwood, D. Monitoring functional
groups of herbivorous reef fishes as indicators of
coral reef resilience- A practical guide for coral
reef managers in the Asia Pacific region.IUCN
working group on Climate Change and Coral
reefs. IUCN, Gland, Switzerland.

Image: Hectonichus [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]

Available:
http://www.iucn.org/cccr/publications/
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Scrapers and small excavators
The majority of parrotfish
(Hipposcarus and Scarus spp), up
to 35cm long, are scrapers.
Scrapers and small excavators
limit the establishment and
growth of macroalgae, whilst
intensely grazing algal turf.

Reference:

Green, A., & Bellwood, D. Monitoring functional
groups of herbivorous reef fishes as indicators of
coral reef resilience- A practical guide for coral
reef managers in the Asia Pacific region.IUCN
working group on Climate Change and Coral
reefs. IUCN, Gland, Switzerland.

Images
(Fernando Herranz Martín [GPL (http://www.gnu.org/licenses/gpl.html)]
Albert Kok at Dutch Wikipedia(Original text: albert kok) [Public domain]

Available:
http://www.iucn.org/cccr/publications/
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They also provide areas of clean substrate for the settlement, growth and survival
of coralline algae and corals.

Images
(Fernando Herranz Martín [GPL (http://www.gnu.org/licenses/gpl.html)]
Albert Kok at Dutch Wikipedia(Original text: albert kok) [Public domain]
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Parrotfish take non-excavating bites and remove algae, sediment and other material by closely
cropping or scraping the reef surface, leaving shallow scrape marks on the reef substrate.

Parrotfish eating coral

Image: (WT-en) Jpatokal at English Wikivoyage [CC BY-SA 3.0
(https://creativecommons.org/licenses/by-sa/3.0)]

Scrape marks left by parrotfish feeding

Image: PoojaRathod [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]
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The rivulated parrotfish, Scarus rivulatus is a scraper/small excavator.
Smaller individuals (<35cm) scrape a larger area of substrate for their size, whilst larger (>35cm )
individuals take a greater volume, excavating the substrate.

Small female (left) and large male Scarus rivulatus
Images: Randall, J.E., 1997 Randall's underwater photos. Fishbase.se CC-NC-3.0
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Large excavators and
bioeroders
Large excavators and
bioeroders play a similar role
as scrapers/small excavators,
but also cause significant
bioerosion.
Parrotfish, such as this
Chlorurus microrhinos (right)
make deeper “excavating”
bites into the coral.
These bites expose hard reef
substrate for settlement by
coralline algae and corals- play
a critical role in reef resilience.

The steephead parrotfish, Chlorurus microrhinos
Image: Nhobgood [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)]
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The Humphead parrotfish, Bolbometopon muricatum, is one of the most important bioeroders
on coral reefs. It can grow to 120 cm and consume 5 tonnes of reef carbonate per year.

Image: Richard Ling [CC BY-SA 2.0 (https://creativecommons.org/licenses/by-sa/2.0)]
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Grazers/ detritivores
Grazers intensely graze epilithic (on the surface of rocks) algal turfs, which also limits the
growth and establishment of macroalgae. They do not scrape or excavate the reef substrate as
they feed.
The blue-lined rabbitfish, Siganus doliatus, is a grazing herbivore.
By Leonard Low from Australia - Flickr,
CC BY 2.0,
https://commons.wikimedia.org/w/ind
ex.php?curid=11594322
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The golden-lined spinefoot, Siganus lineatus, is a detritivore.

By Graham Edgar / Reef Life Survey http://www.fishesofaustralia.net.au/images/image/SiganLineatRLS.jpg, CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=40690155
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Browsers
Browsers feed on macroalgae by selectively eating algal components and epiphytic material.
Browsing fish significantly reduce coral overgrowth and shading by macroalgae.

The unicornfish, Naso unicornis (left), and batfish, Platax teira, are browsers
Image (left):Karelj [Public domain]; (right) Richard Ling [CC BY-SA 2.0 (https://creativecommons.org/licenses/by-sa/2.0)]
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Herbivore exclusion experiments show
the effect herbivorous fish have on
coral reefs.
In control areas, where large
herbivorous fish were abundant, algal
cover remains low, and coral cover can
increase.1,2
Exclusion of large herbivorous fishes
causes an increase in macroalgae,
which suppresses the fecundity,
recruitment, and survival of corals. 1
Reference: 1.Hughes, T., Rodrigues, M., Bellwood, D., Ceccarelli, D., HoeghGuldberg, O., & McCook, L. et al. (2007). Phase Shifts, Herbivory, and the
Resilience of Coral Reefs to Climate Change. Current Biology, 17(4), 360365. doi: 10.1016/j.cub.2006.12.049\ Available :
https://doi.org/10.1016/j.cub.2006.12.049
2. Adam TC, Schmitt RJ, Holbrook SJ, Brooks AJ, Edmunds PJ, et al. (2011)
Herbivory, Connectivity, and Ecosystem Resilience: Response of a Coral
Reef to aLarge-Scale Perturbation. PLoS ONE 6(8): e23717.
doi:10.1371/journal.pone.0023717 Available:
https://www.academia.edu/15019595/Herbivory_Connectivity_and_Ecosy
stem_Resilience_Response_of_a_Coral_Reef_to_a_LargeScale_Perturbation

Image: © 2011 Adam et al. open-access article. Reference opposite. Creative
Commons 4.0 (CC BY)
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Worksheet
090
Heroic Herbivores

by
Gail Riches
www.marineeducation.com.au
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T091 Ecological tipping points

Adam Richmond
Page 536

Syllabus statement
At the end of this topic you should be able to ...

Identify
ecological tipping points and how this applies to coral reefs
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Identify
-

distinguish;
locate, recognise and name;
establish or indicate who or what someone or something is;
provide an answer from a number of possibilities;
recognise and state a distinguishing factor or feature
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Objective
Explain the concept of “tipping points” in your own words.
How do tipping points affect coral reef ecosystems?
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Definition
Tipping points are the point at which an
ecosystem can no longer cope with
environmental change and the ecosystem
rapidly (and often unexpectedly) shifts to a
new state.
“Tipping point” is synonymous with
ecosystem threshold- but ”tipping point”
helps us visualise the dramatic change
associated with thresholds.
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Think of the straw that breaks a camel’s back:
The poor camel can carry a lot of weightbut at some stage, just one more tiny straw
will be too much!

Reproduced under licence: https://pixabay.com/service/terms/#license
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Here’s another example:
The tipping bucket at the water park
gradually fills with water, until it
reaches a critical threshold- then it
suddenly tips over.
This analogy has limitations- the
constant flow of water into the
bucket represents gradually changing
conditions- and the ecosystem state
is the volume of water in the bucket.
There is no “desirable” or
“undesirable” state: unless you are
the kid waiting to get drenched!

Image: Shylah Anderson, flickr, CCBY2.0 https://flic.kr/p/chJYr9
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This YouTube video on Climate tipping points provides a good overview of tipping points

Video link
https://youtu.be/
UKD6m04PipU

Climate Tipping Points: The Point of No Return? A Quick Guide
YouTube video by Climate Tipping Points, available: https://youtu.be/UKD6m04PipU
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Scientists have observed tipping points in many real world systems, such as marine
fisheries, lake water quality and the world's climate.
With hindsight, we can identify tipping points that we have already crossed in real world
systems.
For example, the volume of ice changes greatly between ice ages and warm periods.

Image: Robert A. Rhode, Global warming Art project. CC 3.0
https://upload.wikimedia.org/wikipedia/commons/f/f8/Ice_Age_Temperature.png
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Ecosystems respond to a changes in conditions in different ways.
Graph A shows a linear transition, where the ecosystem state changes smoothly in response to
changing conditions.
Graph B shows a non linear transition, where there is a sudden, abrupt change in ecosystem
state, when conditions approach a critical level.
Graph C shows that an ecosystem can have more than one stable state over a range of conditions
(more about this next topic)

Image: Bob Moffatt CC 4.0 BY , after Scheffer, M., Carpenter, S., Foley, J., Folke, C., & Walker, B. (2001). Catastrophic shifts in ecosystems. Nature, 413(6856), 591-596. doi:
10.1038/35098000
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Graph A represents a linear change in an ecosystem state in response to changing conditions.
An example could be water quality in
response to nutrient loading.
The water quality (Ecosystem State)
gradually decreases with increased levels of
nutrient loading (condition). (Red arrow)
Water quality can easily be improved if the
nutrient loading is reduced. (Green Arrow)
The tipping point is somewhere in the zone
between the arrows- it is difficult to pinpoint
because of the continuous, gradual nature
of the change.
Image: Bob Moffatt, after Scheffer, M., Carpenter, S., Foley, J., Folke, C., &
Walker, B. (2001). Catastrophic shifts in ecosystems. Nature, 413(6856),
591-596. doi: 10.1038/35098000
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Nutrient runoff and sediment pollution were the drivers for an ecosystem shift to a degraded
ecosystem with poor water clarity, low oxygen and low diversity in Chesapeake Bay in the 1960-70s.

Image: Reproduced with permission, Oceantippingpoints.org,
Available: http://oceantippingpoints.org/sites/default/files/uploads/MRCS_Graphic_Chesapeake_0.png

Page 547

A decrease in freshwater input led to increased salinity and decreased water circulation, which caused
a non-linear reduction in water clarity and seagrass productivity in Florida Bay during the 1980s.

Image: reproduced with permission, Oceantippingpoints.org, available:
http://oceantippingpoints.org/sites/default/files/uploads/MRCS_Graphic_Florida_CS2.png
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Graph B models a non linear transition, where there is a sudden, abrupt change in ecosystem state,
when conditions approach a critical level- the threshold boundary or tipping point. (Marked X)

Water quality (Ecosystem state) gradually decreases
with increasing nutrient loading (conditions) as
before. (Red Arrow 1)
When the nutrient levels (conditions) reach a certain
threshold, a small change in the water quality
(ecosystem changes) causes a much larger change in
the ecosystem state. (Red Arrow 2)
Water quality can still be improved by reducing
nutrient loading (Green arrow), or in the seagrass
example, reinstating freshwater inputs.
Image: Bob Moffatt. CC 4.0 BY , after Scheffer, M., Carpenter, S., Foley, J.,
Folke, C., & Walker, B. (2001). Catastrophic shifts in
ecosystems. Nature, 413(6856), 591-596. doi: 10.1038/35098000
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Was the “X” too high on the
previous slide?
The better the data, the more
confident scientists can be with
their predictions.

Image from: http://oceantippingpoints.org/sites/default/files/uploads/OTP_GUIDE_Final.pdf
Reproduced with permission K Selkoe
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The next few slides refer to a group a animals called
Pteropods.

https://en.wikipedia.org/wiki/Pteropoda
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This graph shows the non-linear relationship between the change in the mass of pteropod
shells (ecosystem state), as a result of decreasing aragonite saturation (condition).

Can you identify a
threshold or tipping
point?

Image: Bednaršek, N., Tarling, G., Bakker, D., Fielding, S., & Feely, R. (2014). Dissolution Dominating
Calcification Process in Polar Pteropods Close to the Point of Aragonite Undersaturation. Plos
ONE, 9(10), e109183. doi: 10.1371/journal.pone.0109183 Open access,
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0109183
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Can you identify a
threshold or tipping
point?
• Somewhere
between 1.0 and
0.7?
• Anywhere below 1.0
is bad news for a
pteropod!

Image: Bednaršek, N., Tarling, G., Bakker,
D., Fielding, S., & Feely, R. (2014).
Dissolution Dominating Calcification
Process in Polar Pteropods Close to the
Point of Aragonite Undersaturation. Plos
ONE, 9(10), e109183. doi:
10.1371/journal.pone.0109183 Open
access,
https://journals.plos.org/plosone/article?i
d=10.1371/journal.pone.0109183
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The two alternative ecosystem states (or regimes) can be quite different- a shallow lake could be
clear with lots of aquatic vegetation, or turbid without submerged vegetation.
Graph C has been simplified here to show two
alternative stable states. More on this later!

Graph Image: Bob Moffatt, after Scheffer, M., Carpenter, S., Foley, J., Folke, C., & Walker, B. (2001). Catastrophic shifts
in ecosystems. Nature, 413(6856), 591-596. doi: 10.1038/35098000
Shallow lake Image: Scheffer, M. (2001). Alternative Attractors of Shallow Lakes. The Scientific World JOURNAL, 1, 254263. doi: 10.1100/tsw.2001.62, CC BY 3.0
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Overfishing of sea urchins in Maine resulted in a tipping point, shifting an urchin-dominated patchy
kelp forest to a dense kelp forest with no sea urchins.

Image: reproduced with permission, Oceantippingpoints.org, available:
http://oceantippingpoints.org/sites/default/files/uploads/MRCS_Graphic_Maine_CS2.png
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The change between ecosystem states is known as a regime shift, or phase shift.
As we have already seen they can be shifts can be smooth or nonlinear.
In this graph, the
conditions are known
as environmental
drivers.
Drivers are events or
activities that cause
the change in state.
(Alternative stable states
show hysteresis- more on this
next topic)

Selkoe, K., Blenckner, T., Caldwell, M., Crowder, L., Erickson, A., & Essington, T. et al. (2015). Principles for
managing marine ecosystems prone to tipping points. Ecosystem Health And Sustainability, 1(5), 1-18. doi:
10.1890/ehs14-0024.1, Open Access article distributed under the terms of the Creative Commons Attribution
License
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Ocean acidification has led to changed seawater chemistry, resulting in an ocean pH too
low for oyster larvae to survive, preventing successful oyster aquaculture in the Pacific
Northwest.

Image: reproduced with permission, Oceantippingpoints.org, available:
http://oceantippingpoints.org/sites/default/files/uploads/MRCS_Graphic_OA_Oysters_CS3.png
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An ecosystem threshold is is a relatively rapid change from one ecological state to
another. In this image, the threshold is marks the transition from a coral dominated
ecosystem to an algae dominates system.

We will look at
the W” shaped
graphs in the
next topic- as
they relate to
resilience.

Image: Reproduced with permission, oceantippingpoints.org, available: http://oceantippingpoints.org/our-work/glossary
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Coral bleaching occurs when the water temperature is too hot for too long.
Zooxanthellae are expelled when the temperature induced stress reaches a threshold.

Image: Richard Vevers, The Ocean Agency, as used in Hoegh-Guldberg, O., Poloczanska, E., Skirving, W., & Dove, S. (2017). Coral Reef Ecosystems
under Climate Change and Ocean Acidification. Frontiers In Marine Science, 4. doi: 10.3389/fmars.2017.00158 Open access,
CCBY 4 available: https://www.frontiersin.org/articles/10.3389/fmars.2017.00158/full
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Jouffray et al recognised four distinct stable regimes (or ecosystem states) on Hawaiian reefs (Regime
4 was highly variable and transitional).
Drivers include
overfishing, reduced
water quality and climate
change, as well as
structural complexity
(rugosity), depth, wave
energy and sea surface
temperature.

Jouffray J-B et al. 2019 Parsing human and biophysical drivers of coral reef regimes. Proc. R. Soc. B 286: 20182544.
http://dx.doi.org/10.1098/rspb.2018.2544. Open access, CCBY 4 available:
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Shifts in ecosystem state on coral reefs are often away from coral and towards macro-algae. Some
reefs recover from disturbances quickly, and do not shift states.
Knowing how close a system is to a tipping point is critical to our ability to manage resilience and
sustain ecosystem services.

Ref: Holbrook, S., Schmitt, R., Adam, T., &
Brooks, A. (2016). Coral Reef Resilience, Tipping
Points and the Strength of Herbivory. Scientific
Reports, 6(1). doi: 10.1038/srep35817. CCBY4.
Image: “Ocean Tipping Points Guide”, based on
Karr et al, 2015,
Reproduced with permission K Selkoe,
http://oceantippingpoints.org/sites/default/file
s/uploads/OTP_GUIDE_Final.pdf
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Caribbean coral reefs have undergone a phase shift from coral reef to algae dominated
ecosystems. A major driver is the overfishing of herbivorous fish.

Image: Jackie Mandoske, reproduced with permission from K Selkoe, available: http://oceantippingpoints.org/sites/default/files/uploads/Jamaica.png
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Tipping points and regime shifts in
the future are difficult to predict.
This graph shows an external driver
gradually changing the state of the
blue and red ecosystem until a
tipping point is reached, after which
the ecosystems transition to new
states.
The increased variability (around
the mean state) of the red
ecosystem can provide an early
warning that the system is
approaching a tipping point. The
blue ecosystem shows no early
warning.

Moore, J. (2018). Predicting tipping points in complex environmental systems. Proceedings Of The National
Academy Of Sciences, 115(4), 635-636. doi: 10.1073/pnas.1721206115. PNAS CCBY open access
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This graph shows both red
and blue ecosystems in a
relatively stable states until
an abrupt disturbance
occurs.
This disturbance initially
alters their state of both
ecosystems.
The blue ecosystem
recovers from the
disturbance and returns to
its original state, while the
red ecosystem is pushed
beyond a tipping point and
transitions to an alternate
state.

Moore, J. (2018). Predicting tipping points in complex environmental systems. Proceedings Of The
National Academy Of Sciences, 115(4), 635-636. doi: 10.1073/pnas.1721206115. PNAS CCBY open
access
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“Long-term records show that this severe and sudden decline in coral growth is unprecedented
in at least the last 400 years, and that 1990 may have been a ‘tipping point’ for coral
calcification rates on the Reef.”

The calcification
rate of Porites
colonies in the
Great Barrier
Reef show a
non-linear
response to sea
surface
temperature.

Ref: AIMS; https://www.aims.gov.au/docs/research/climate-change/declining-coral-growth.html
Image: Cropped but unmodified from original figure from Hoegh-Guldberg, O., Poloczanska, E., Skirving, W., & Dove, S. (2017). Coral
Reef Ecosystems under Climate Change and Ocean Acidification. Frontiers In Marine Science, 4. doi: 10.3389/fmars.2017.00158 Open
access, CCBY 4 available: https://www.frontiersin.org/articles/10.3389/fmars.2017.00158/full
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The atmospheric CO2 concentration will continue increasing in the near future. A carbonate
threshold of 480 ppm will cause an ecosystem shift towards non-carbonate reef communities.
A simultaneous temperature increase of 2oC is predicted to cause an ecosystem shift to reefs not
dominated by corals.

Image: Hoegh-Guldberg, O., Poloczanska, E., Skirving, W., & Dove, S. (2017). Coral Reef Ecosystems under Climate Change and Ocean Acidification. Frontiers In Marine Science, 4.
doi: 10.3389/fmars.2017.00158 Open access, CCBY 4 available: https://www.frontiersin.org/articles/10.3389/fmars.2017.00158/full
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These graphs show trends in % coral cover (A-D) and % of mortality caused by COTS,
cyclones and bleaching on the Great Barrier Reef.

De'ath, G., Fabricius, K., Sweatman, H., & Puotinen, M. (2012). The 27-year decline of coral cover on the Great Barrier Reef and its causes. Proceedings Of The National Academy
Of Sciences, 109(44), 17995-17999. doi: 10.1073/pnas.1208909109, PNAS CCBY open access
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Detailed knowledge of tipping points
can be used to inform management
decisions, so that the transition to
undesired ecosystem regimes may
be avoided.
This provides a “safe operating
space” for drivers such as fisheries
yields.
The size of the precautionary buffer
depends on the confidence limits of
the threshold.

Selkoe, K., Blenckner, T., Caldwell, M., Crowder, L., Erickson, A., &
Essington, T. et al. (2015). Principles for managing marine ecosystems
prone to tipping points. Ecosystem Health And Sustainability, 1(5), 1-18.
doi: 10.1890/ehs14-0024.1, Open Access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/)
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High resolution models such as these are used to help scientists predict bleaching events.
Graph A shows the relationship between monthly sea surface temperature (SST) and the
probability of coral bleaching.
Graph D shows the
relationship between degree
heating weeks (1 degree
higher than normal, for 1
week= I degree heating week)
and the probability of coral
bleaching
The dotted vertical line shows
the bleaching threshold.
The grey areas are the 95%
confidence limits.
Image: Kumagai, N., & Yamano, H. (2018). High-resolution modeling of thermal thresholds and
environmental influences on coral bleaching for local and regional reef management. Peerj, 6,
e4382. doi: 10.7717/peerj.4382
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These graphs show future projections of coral bleaching and coral mortality for coral
reefs in the Western Pacific Ocean (where the Great Barrier Reef is), based on
degree heating months.
Can you see any tipping points?

Images: The Western Pacific Ocean section only of Figure 7 from Hoegh-Guldberg, O., Poloczanska, E., Skirving, W., & Dove, S. (2017). Coral Reef
Ecosystems under Climate Change and Ocean Acidification. Frontiers In Marine Science, 4. doi: 10.3389/fmars.2017.00158 Open access, CCBY 4
available: https://www.frontiersin.org/articles/10.3389/fmars.2017.00158/full
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In this video, six leading ocean thinkers discuss rapid, potentially
irreversible shifts in our oceans.
https://www.youtube.com/watch?v=8NWmagRlArI

YouTube video posted by Phillip Levin, available: https://youtu.be/8NWmagRlArI
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Worksheet
091
Tipping over the
edge

by
Gail Riches
www.marineeducation.com.au
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T092 Reef hysteresis

Adam Richmond
Page 574

Syllabus statement
At the end of this topic you should be able to ...

Describe
Describe hysteresis and how this applies to the concept of reef resilience
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Describe
• give an account (written or spoken) of a situation, event, pattern or
process, or of the characteristics or features of something
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Objective
Recall a definition for resilience
Explain the idea of “reef resilience”
Explain how a model can represent hysteresis
Explain how hysteresis affects the resilience of a coral reef ecosystem
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Definitions

Refer back to topic 44: important ecosystem definitions
for more information about these terms.

From the syllabus:
Ecosystem resilience: the capacity of an ecosystem to recover from a disturbance or withstand
ongoing pressures.
So you also need to know:
Ecosystem disturbance: a temporary change in environmental conditions that alters physical
structures or arrangements of biotic and abiotic elements within an ecosystem; can also occur
over larger temporal scales and affect diversity; can be natural or anthropogenic
Ecosystem recovery: the return of a damaged ecological system and associated ecosystem
services to a stable state.
Hysteresis: When the return pathway to ecosystem, recovery differs from the original
pathway of degradation.
Page 578

Check out the Reef Resilience network website: https://reefresilience.org/resilience/
for a good overview of coral reef resilience and more resources.
The Reef Resilience Network define resilience as
“the ability of a system to maintain key functions and processes in the face of stresses
or pressures by resisting to and then recovering or adapting to change”
Resilience includes three components:
1) resistance: refers to the ability to absorb or resist impacts
2) recovery: refers to the ability to recover from impacts
3) transformation: refers to changes that affect the function of the ecosystem

Reference: What is resilience? Reef Resilience Network, The Nature Conservancy,
https://reefresilience.org/resilience/what-is-resilience/
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The previous topic
explained that
ecosystem
disturbances,
stressors or drivers
are impacting on
coral reef ecosystems,
that can lead to a
shift to an alternate
ecosystem state.

Reference for
the next few
slides:

Image: Reproduced with permission, oceantippingpoints.org

http://oceantippingpoints.org/our-work/glossary
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This diagram shows the transition between two stable states- a reef dominated by coral
and a reef dominated by fleshy macroalage.

Image: Reproduced with permission, oceantippingpoints.org
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The ball and cup (or landscape) model provides an analogy to describe the changes in an
ecosystem.
• The ball represents the current state of the ecosystem.
• The lines, or landscape (think of hills and valleys), represent all the possible states of the
ecosystem.

Image: Reproduced with permission, oceantippingpoints.org, available: http://oceantippingpoints.org/our-work/glossary

The ball will naturally roll downhill to a valley (or cup)- which is a stable state.
An external force (or driver, or disturbance) is required to move the ball from the stable point.
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If the valley or cup is large or
deep the ball can be pushed a
long way up the hill, but will
always roll back into the valley
or cup.
The steep sides allow the ball
to return quickly.
This represents an ecosystem
that has a high level of
resilience- as the ecosystem
usually recovers quickly from
a small disturbance to the
same stable state.

Image: Dakos, V., van Nes, E., Donangelo, R., Fort, H., & Scheffer, M. (2009). Spatial correlation as
leading indicator of catastrophic shifts. Theoretical Ecology, 3(3), 163-174. doi: 10.1007/s12080-0090060-6 open access. Reproduced under the terms and conditions at
https://link.springer.com/termsandconditions
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If the valley is small or shallow the
ball can only be pushed a short
distance up the hill, or it won’t roll
back into the same valley or cup.
The flat slope means the ball
returns slowly.
This represents an ecosystem with a
low level of resilience- as the
ecosystem can only recover to the
same stable state from a very small
disturbance.
Image: Dakos, V., van Nes, E., Donangelo, R., Fort, H., & Scheffer, M. (2009). Spatial correlation
as leading indicator of catastrophic shifts. Theoretical Ecology, 3(3), 163-174. doi:
10.1007/s12080-009-0060-6 open access. Reproduced under the terms and conditions at
https://link.springer.com/termsandconditions
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If the push provided by the disturbance is be
large enough to push the ball over the tipping
point or “hill”, the ecosystem will transition
from from one stable state (valley) to another.
These changes in an ecosystem- where the ball
is moved sideways- are caused by changes in
ecosystem state are those that directly affect
communities, such as fishing pressure or
disease.
The urchin-kelp and coral-algae phase shifts
from the last topic could be caused by these
types of variables.
Image: Beisner, B., Haydon, D., & Cuddington, K. (2003). Alternative Stable States
in Ecology. Frontiers In Ecology And The Environment, 1(7), 376. doi:
10.2307/3868190, free access: Reproduced under the terms and conditions at
https://esajournals.onlinelibrary.wiley.com/doi/epdf/10.1890/15409295%282003%29001%5B0376%3AASSIE%5D2.0.CO%3B2
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Another way that the ball can
move is if the shape of the
landscape changes- which then
caused the ball to roll downwards.
This kind of change in ecosystem
state may occur if environmental
parameters change- which then
causes a change in the
community.
The changes to ecosystems caused
by parameters such as water
input, oxygen availability, ocean
pH, atmospheric CO2 and
aragonite saturation would be due
to changes in the “landscape”.
Image: Beisner, B., Haydon, D., & Cuddington, K. (2003). Alternative
Stable States in Ecology. Frontiers In Ecology And The Environment, 1(7),
376. doi: 10.2307/3868190, free access: Reproduced under the terms
and conditions at
https://esajournals.onlinelibrary.wiley.com/doi/epdf/10.1890/15409295%282003%29001%5B0376%3AASSIE%5D2.0.CO%3B2
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Regardless of whether a variable or parameter causes the change in ecosystem state,
sometimes it is harder for the ball to return to its original stable state as shown below:

Beisner, B., Haydon, D., & Cuddington, K. (2003). Alternative Stable States in Ecology. Frontiers In Ecology And The
Environment, 1(7), 376. doi: 10.2307/3868190, free access: Reproduced under the terms and conditions at
https://esajournals.onlinelibrary.wiley.com/doi/epdf/10.1890/1540-9295%282003%29001%5B0376%3AASSIE%5D2.0.CO%3B2
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Ecosystem stability
landscape models for
determining the
response of coral reef
ecosystems to change
can become really
complex!
These models can
consider pulse-type
stressors, press-type
stressors, changes in
variables or parameters
and whether the
ecosystem responds in a
linear or non-linear way.

Reproduced with permission, oceantippingpoints.org, available: http://oceantippingpoints.org/ourwork/glossary. Cited work acknowledges http://www.resalliance.org/index.php/key_concepts

A 3-dimensional landscape - note the blue “ball” is not in a
stable state.
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Recall these ecosystems state models from the last topic:
Graph B shows a non linear transition in ecosystem state, like that which occurs on the Great Barrier
Reef. There is only one possible ecosystem state for any given condition.

Image: Bob Moffatt, after Scheffer, M., Carpenter, S., Foley, J., Folke, C., & Walker, B. (2001). Catastrophic shifts in ecosystems. Nature, 413(6856), 591-596. doi: 10.1038/35098000

Graph C shows that an ecosystem can have more than one stable state over a range of conditions.
This occurs in the Caribbean reef systems- where coral dominated reefs or algal dominated reefs
can exist under the same conditions.
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The landscape
models in this topic
interact with the
ecosystem state
models introduced in
the previous topic.

Images from Anthony, K., Marshall, P.,
Abdulla, A., Beeden, R., Bergh, C., & Black, R.
et al. (2014). Operationalizing resilience for
adaptive coral reef management under
global environmental change. Global Change
Biology, 21(1), 48-61. doi:
10.1111/gcb.12700, Accessed terms and
conditions:
https://onlinelibrary.wiley.com/doi/full/10.1
111/gcb.12700
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In this ecosystem model, a coral-dominated ecosystem (represented by Ball 1) only requires a
small change in conditions (red arrow) to pass a tipping point (F2) to transition to an algaldominated ecosystem (Ball 2).
In order for the ecosystem to return from
an algae-dominated state, conditions
need to change a lot more (green arrow)
to reach the tipping point (F1) to
transition back to a coral –dominated
ecosystem.
These discontinuous models are
sometimes called “catastrophic fold
bifurcations” or “critical transitions” as
the ecosystem state shift is difficult if not
impossible to reverse.
Image: Bob Moffatt, after Scheffer, M., Carpenter, S., Foley, J., Folke, C., & Walker, B. (2001).
Catastrophic shifts in ecosystems. Nature, 413(6856), 591-596. doi: 10.1038/35098000
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Positive and negative feedback loops allow ecosystems to persist over a range of conditions.

A positive
feedback loop

A negative
feedback loop

Image: Jackie Mandoske, reproduced with permission from K Selkoe, available: http://oceantippingpoints.org/sites/default/files/uploads/Jamaica.png
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We have now seen two models showing that sometimes the pathway for an ecosystem
to return to its original stable state is different to the pathway it went through to arrive
at an alternate state.

This is hysteresis.

Image: (left, centre) Beisner, B., Haydon, D., & Cuddington, K. (2003). Alternative Stable States in Ecology. Frontiers In Ecology And The Environment, 1(7), 376. doi:
10.2307/3868190, free access: https://esajournals.onlinelibrary.wiley.com/doi/epdf/10.1890/1540-9295%282003%29001%5B0376%3AASSIE%5D2.0.CO%3B2
(Right) Bob Moffatt, after Scheffer, M., Carpenter, S., Foley, J., Folke, C., & Walker, B. (2001). Catastrophic shifts in ecosystems. Nature, 413(6856), 591-596. doi: 10.1038/35098000
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An ecosystem can
exhibit high levels of low
levels of hysteresis.
Hysteresis is a problem
when the pressure that
caused a system to
degrade past a threshold
is removed, the system
still does not recover.
So even when prethreshold conditions
return, the system
remains in its alternate
state.
Image: Reproduced with permission, oceantippingpoints.org, av
Cited work based on Dudgeon et al. 2010.
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If the coral-dominated reef ecosystem
close to bifurcation point F2 , an
incremental change in conditions (such as
a reduction in parrot fish population) may
induce an discontinuous shift to the
alternative algal-dominated reef (down
arrow).
To restore a coral-dominated reef
ecosystem by reversing the conditions, the
system shows hysteresis.
A return shift only occurs if conditions are
reversed (such as increasing parrot fish
populations) far enough to reach the other
bifurcation point, B2 (up arrow).

Image: Bob Moffatt, after Scheffer, M., Carpenter, S., Foley, J., Folke, C., & Walker, B. (2001).
Catastrophic shifts in ecosystems. Nature, 413(6856), 591-596. doi: 10.1038/35098000
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Summary
Coral reefs are increasingly threatened by storms,
bleaching events, crown-of-thorns starfish
outbreaks and other acute stressors, that increase
the need for resilience.
At the same time, resilience is threatened by
stressors such as: pollution, sedimentation,
overfishing, ocean warming and acidification.
These stressors affect processes (such as larval
recruitment, populations of herbivores) that are
essential for resistance and recovery.

Images modified from: Dakos, V., van Nes, E., Donangelo, R., Fort, H., & Scheffer, M. (2009).
Spatial correlation as leading indicator of catastrophic shifts. Theoretical Ecology, 3(3), 163174. doi: 10.1007/s12080-009-0060-6 open access. and Beisner, B., Haydon, D., &
Cuddington, K. (2003). Alternative Stable States in Ecology. Frontiers In Ecology And The
Environment, 1(7), 376. doi: 10.2307/3868190, free access: Reproduced under the terms
and conditions at https://esajournals.onlinelibrary.wiley.com/doi/epdf/10.1890/15409295%282003%29001%5B0376%3AASSIE%5D2.0.CO%3B2
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So corals, in a stressed state, are
increasingly vulnerable to phase shifts.
And hysteresis means that an equal
and opposite improvement (or
removals of stressors) may not cause
an equivalent improvement in
ecosystem state.

Images: Beisner, B., Haydon, D., & Cuddington, K. (2003). Alternative Stable
States in Ecology. Frontiers In Ecology And The Environment, 1(7), 376. doi:
10.2307/3868190, Reproduced under the terms and conditions at free access:
https://esajournals.onlinelibrary.wiley.com/doi/epdf/10.1890/15409295%282003%29001%5B0376%3AASSIE%5D2.0.CO%3B2 and
Bob Moffatt, after Scheffer, M., Carpenter, S., Foley, J., Folke, C., & Walker, B.
(2001). Catastrophic shifts in ecosystems. Nature, 413(6856), 591-596. doi:
10.1038/35098000
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For more about phase shifts, see
Scheffer, M., Carpenter, S., Foley, J., Folke, C., & Walker, B. (2001). Catastrophic shifts in
ecosystems. Nature, 413(6856), 591-596. doi: 10.1038/35098000
https://www.researchgate.net/publication/200033509_Catastrophic_shifts_in_ecosystems
Download this article:
Bellwood, D., Hughes, T., Folke, C., & Nyström, M. (2004). Confronting the coral reef
crisis. Nature, 429(6994), 827-833. doi: 10.1038/nature02691 Available:
https://www.reefresilience.org/pdf/Bellwood_etal_2004.pdf
This paper reviews “the ecological roles of critical functional groups (for both corals and reef
fishes) that are fundamental to understanding resilience and avoiding phase shifts from coral
dominance to less desirable, degraded ecosystems”
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T093 Assess reef diversity

Adam Richmond
Page 600

Syllabus statement
At the end of this topic you should be able to ...

Assess
the diversity of a reef system using a measure that could include (but is not limited to)
line intercept transects, quadrats and fish counts using underwater video survey
techniques, benthic surveys, invertebrate counts and rugosity measurements
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Assess
• measure, determine, evaluate, estimate or make a judgment about the
value, quality, outcomes, results, size, significance, nature or extent of
something
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Objective
Measure the diversity of a reef system using data
collected in the field or virtual data.
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Diversity
The Great Barrier Reef is internationally recognised for its outstanding biodiversity, with:
•
•
•
•
•
•
•
•
•
•

1625 species of fish
3000 species of molluscs
600 species of corals
630 species of echinoderm
14 breeding species of sea
snakes
215 species of birds
Six of the world's seven
species of marine turtle
30 species of whales and
dolphins
One of the world's most
important dugong populations
134 species of sharks and rays

Seaview Science Video: Biodiversity

Copyright Underwater Earth Catlin Global Reef Record. Reproduced with permission.

Available:
https://youtu.be/TVAH4CAtfAk

References:
http://www.gbrmpa.gov.au/the-reef/animals
http://www.gbrmpa.gov.au/__data/assets/pdf_file/0014/21731/gbrmpa-VA-Sharks_Rays-11-7-12.pdf
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Why do we measure diversity?
We need a good knowledge of “what is out there” to provide a baseline for future
changes in biodiversity.

Available:
https://youtu.be/KPn3lAJyG7A

Marine biodiversity

YouTube video by Australian Institute of Marine Science,
Available: https://youtu.be/KPn3lAJyG7A
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The next three slides show links to the University of Queensland’s
diversity on coral reefs videos.
Species diversity: Tropical coastal ecosystems organisms

Available:
https://youtu.be/BM3TpWGk5eo

YouTube video by UQx Tropic101x Tropical Coastal Ecosystems,
Available: https://youtu.be/BM3TpWGk5eo

Page 606

Species diversity: Lower invertebrates

Available:
https://youtu.be/xxuEgALdOuw

YouTube video by UQx Tropic101x Tropical Coastal Ecosystems, available:
https://youtu.be/xxuEgALdOuw
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Species diversity: Complex organisms

Available:
https://youtu.be/bjcw2mToGgI

YouTube video by UQx Tropic101x Tropical Coastal Ecosystems, available:
https://youtu.be/bjcw2mToGgI
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How do we measure diversity?
This freely downloadable book presents
standardised surveying and monitoring
methodologies, how to select an
appropriate scale and technique for your
investigation, and how to record and
analyse data.
Hill, J., & Wilkinson, C. (2004). Methods for
ecological monitoring of coral reefs.
Version 1. Townsville, Qld: Australian
Institute of Marine Science.
Available: https://www.cbd.int/doc/case-studies/tttc/tttc-00197-en.pdf
Note:
All images in the next few pages from

https://www.cbd.int/doc/case-studies/tttc/tttc-00197-en.pdf
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The scale of the
survey determines
the techniques
used.

Image: Fig 3 from Hill, J., & Wilkinson, C. (2004). Methods for ecological monitoring of coral reefs. Version 1.
Townsville, Qld: Copyright Australian Institute of Marine Science, Reproduced with permission.
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The AIMS Standard operating
procedure for conducting reef surveys
is available here:
https://www.aims.gov.au/docs/research/monitoring/reef/samplingmethods.html

Note from AIMS
The link on the survey methods page of our
website links to old versions of the SOPs and
needs to be updated.
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Survey methods
The Australian Institute of Marine Science (AIMS) Long-term Monitoring Program (LTMP) is
designed to detect changes in reef communities on inshore, mid-shelf and outer shelf reefs
across the continental shelf.
Reef surveys involve three approaches:
• manta tow surveys of crown-ofthorns starfish populations and reefwide coral cover
• photographic surveys of benthic
organisms on fixed transects
• visual counts of reef fish, juvenile
corals, crown-of-thorns starfish,
coral-eating snails and coral disease
and bleaching.
The survey methods used as part of
the LTMP can be found here:
https://www.aims.gov.au/docs/research/monitoring/reef/sampling
-methods.html

AIMS diver using a manta board

Image:Australian Institute of Marine Science
Available: https://www.aims.gov.au/docs/research/monitoring/reef/sampling-methods.html
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Manta tow and timed swims
These involve either towing a
diver behind a boat around a
reef or a diver swimming for
a set time or distance, are
the best methods for
obtaining a broad scale,
general description of a reef
site.
Manta tows are used for
monitoring Crown of Thorns
Starfish populations and
estimating coral cover.
Reference:
Hill, J., & Wilkinson, C. (2004). Methods for ecological
monitoring of coral reefs. Version 1. Townsville, Qld:
Australian Institute of Marine Science.
Available: https://www.cbd.int/doc/casestudies/tttc/tttc-00197-en.pdf

Crown of Thorns Starfish

CC BY 2.5, https://commons.wikimedia.org/w/index.php?curid=379049
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Line intercept transect
Transects and quadrats were introduced for population dynamics investigations in topic 56.
Laying a transect line underwater is significantly more difficult than it is on land
Reef Check survey
fish, substrate
(benthic cover),
invertebrates and
human impact using a
transect line.

Reef Check Heron Island 2016

YouTube video by Reef Check Australia, available: https://youtu.be/XmutcW5MCEg
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This YouTube video shows how to conduct a fish census,
benthic survey and belt transect.

How to Conduct a Coral Reef Survey

You Tube video by Khaled bin Sultan Living Oceans Foundation, available: https://youtu.be/L2ifY5ZJe6g

Page 615

Video transects
The use of video cameras makes the data collection process much faster, and therefore cheaper.
A 20m chain transect that would take 4 hours to survey can be video recorded in 5 minutes.

You can make your own video
transects on a field trip and
analyse the results back at
school.
If you can’t get to the reef, you
can use online video transects,
ask an EEC or a citizen science
group, such as Coral Watch if
they can share some videos.

XL Catlin survey 0130020775 of Heron Island Reef
Copyright Underwater Earth Catlin Global Reef Record. Reproduced with permission..

Available:
https://youtu.be/4gsLgnvN3yc
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Underwater permanent quadrats
This video shows an underwater remotely operated video
(ROV) camera pre-assessing a reef site for a longitudinal study
with permanent quadrats.

Monitoring the reef

Copyright: Underwater Earth / XL Catlin Global Reef Record. Reproduced with permission

Available:
https://youtu.be/PkYk6b2JLek
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Fish counts
This YouTube video addresses how fish can be counted on a reef, using belt transects, video cameras,
BRUVs* and the importance of abiotic and satellite data.
BRUV
Baited Remote Underwater Video

Available:
https://youtu.be/c0yh9Pf4PPM

Methodologies for Fish and Mobile Organisms
YouTube video by UQx Tropic101x Tropical Coastal Ecosystems,

Available:
https://youtu.be/c0yh9Pf4PPM
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BRUVs, or Baited Remote Underwater Videos are a non-invasive way of determining fish
numbers and diversity.
Available:
https://youtu.be/46XkJIsqSxE

Search “BRUV” in
your search engine,
or ask your local
Environmental
Education Centre for
some local footage.

Great Barrier Reef fish survey 7459, Green zone, Barcoo Bank
YouTube video by eAtlas AIMS, Available: https://youtu.be/46XkJIsqSxE
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Benthic surveys

Benthic or substrate
surveys are used to
provide estimates of
coral cover.
The categories used by
AIMS are Hard coral,
soft coral, coralline
algae, macroalgae, turf
algae, sponge, other and
indeterminate.

A visual estimate of coral % cover.
Image- Dahl (1981) in English et al. (1997), in Hill, J., & Wilkinson, C. (2004). Methods for ecological monitoring
of coral reefs. Version 1. Townsville, Qld: Australian Institute of Marine Science.
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Invertebrate counts
This (23 minute long) YouTube video shows some of the
incredible diversity of organisms found on just one coral
boulder:

Available:
https://youtu.be/mLeH
qaWFDj8

UQx TROPIC101x 2.1.4 Coral Reef Organism Diversity

YouTube video by UQx TROPIC101x 2.1.4 Coral Reef Organism Diversity, available: https://youtu.be/mLeHqaWFDj8
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Rugosity measurement
Reef rugosity was covered in Topic 87.
It is a measure of how complex the
reef topography is.
It can be measured by laying a chain
over the reef and calculating the ratio
of the chain to the distance covered.

Image: with
permission
Nyssa Silbiger

Laying out a chain carefully to avoid damaging the coral.

Image: Friedman, A., Pizarro, O., Williams, S., & Johnson-Roberson, M. (2012). Multi-Scale Measures of Rugosity, Slope and Aspect from Benthic Stereo Image Reconstructions. Plos
ONE, 7(12), e50440. doi: 10.1371/journal.pone.0050440 adapted from Hill J, Wilkinson C (2004) Methods for ecological monitoring of coral reefs. Technical report.
Available: https://doi.org/10.1371/journal.pone.0050440.g002
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Eye on the Reef
GBRMPA’s Eye on the Reef reef
monitoring and assessment program
enables you to contribute to its longterm protection by collecting
valuable information about reef
health, marine animals and
incidents.
Rapid monitoring involves a timed
swim to tally sighted organisms, and
a 360o survey to determine % cover
and identify impacts

Page 1 of the Eye on the Reef Rapid
Monitoring form
Available:
http://www.gbrmpa.gov.au/__data/assets/pdf_file/0007/237346/
Rapid-Monitoring-Form-V.2.0.pdf

Copyright GBRMPA:. Reproduced with permission
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The Rapid Monitoring Survey uses an
underwater monitoring slate to
record keystone species and reef
health. Download the Reef Rapid
Monitoring form here:

http://www.gbrmpa.gov.au/__data/assets/pdf_
file/0007/237346/Rapid-Monitoring-FormV.2.0.pdf

You can submit and view the data via
the Eye on the Reef database:
http://www.gbrmpa.gov.au/eye-on-the-reef

Page 2 of the Eye on the Reef Rapid
Monitoring form
Available:
http://www.gbrmpa.gov.au/__data/assets/pdf_file/0007/237346/
Rapid-Monitoring-Form-V.2.0.pdf
Copyright GBRMPA:. Reproduced with permission
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This YouTube video explains the Eye on the Reef large-scale monitoring program.

Learn more about this here:
http://www.gbrmpa.gov.au/ou
r-work/our-programs-andprojects/eye-on-the-reef/therapid-monitoring-survey
Play the video
https://youtu.be/q9Xe8TIgg30

Keeping an eye on the Great Barrier Reef

YouTube video by Great Barrier Reef Marine Park Authority, available: https://youtu.be/q9Xe8TIgg30
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Reef Check
Visit:
https://www.reefcheckaustralia.org
To order some ReefSearch
underwater slates or a field kit.
These slates will help you collect
data on:
• reef composition (percent cover
of what is making up the reef)
• signs of reef stress (abundance
and severity of impacts)
• abundance of key invertebrates
• abundance of indicator fish (as
feasible)
• information about site use and
disturbances

ReefSearch slates

Image: Reef Check, https://www.reefcheckaustralia.org/shop
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REEFSearch is an more accessible survey tool than Reef Check and may be more suitable for
schools groups. There is online data entry tool that will allow you to share your results.

Find more information on
how to become a
REEFSearcher here:

https://www.reefcheckaustralia.org/
reefsearch

Available
https://youtu.be/a2zMQkGCWhc

Cleveland District State High School uses
REEFSearch on Lady Elliot Island
YouTube video by Reef Check Australia, available:https://youtu.be/a2zMQkGCWhc
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Reef check data available here:
https://www.reefcheckaustralia.org/data
Images: screen shots from https://www.reefcheckaustralia.org/data

Page 628

You can select one of many reefs.
I have selected Harry’s Bommie on
Heron reef.
If you or your school registers, you can
access the Reef check database, with
access to even more data.

Images: screen shots from https://www.reefcheckaustralia.org/data
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Here is some of the data available for Harry’s bommie:
From https://www.reefcheckaustralia.org/data

Images: screen shots from https://www.reefcheckaustralia.org/data
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Images: screen shots from https://www.reefcheckaustralia.org/data
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Images: screen shots from https://www.reefcheckaustralia.org/data
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Here is some of the data available for Harry’s bommie:

2015

2017

2018

Barramundi cod

0

1

0

Butterflyfish

10

7

22

Coral trout

0

3

1

Moray

0

0

0

Grouper

0

1

2

Qld Grouper

0

0

0

Humphead

0

0

0

Bumphead

0

0

0

Parrotfish

5

20

1

Snapper

1

4

1

Sweetlips

1

0

“Raw data” can be extracted from
these summary graphs and used
for your own analysis.
Page 633

The XL Catlin Global Reef Record is a free database on coral reefs.
This video shows how the Catlin survey team collect coral reef data.
There is a
high speed
underwater
transect at
3:50
And a great
revision of
quadrats at
5:00

Can you find me? (Streetview on the Great Barrier Reef) - Smarter Every Day 114
YouTube video by SmarterEveryDay, available: https://youtu.be/az1PTIehYKI
Database link: Underwater Earth / XL Catlin Global Reef Record
Copyright: Underwater Earth / XL Catlin Global Reef Record. Reproduced with permission
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Visit: http://globalreefrecord.org/data
Select Australia (or somewhere else if you like)
Choose one of the 79 reefs surveyed (I’ve chosen Acropolis, as it’s the first alphabetically)

Copyright: Underwater Earth / XL Catlin Global Reef Record. Reproduced with permission.
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Here is the quadrat view.
You can scroll through and zoom in on 141 images from this one transect.

Copyright: Underwater Earth / XL Catlin Global Reef Record. Reproduced with permission.
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Or you can select the video:

XL Catlin survey 0270160009 of Acropolis reef May 13, 2014
Copyright: Underwater Earth / XL Catlin Global Reef Record. Reproduced with permission.
Available: https://youtu.be/tQZrp-BegYc
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Many (but not all) of these transects have been analysed.
This transect 35-005 is from Agincourt reef 2a on 26 November 2014

You could compare
this data between
different reefs:
inshore- offshore or
between northern,
central and southern
sectors.
We look at analysing
reef diversity data in
the next topic

Copyright: Underwater Earth / XL Catlin Global Reef Record. Reproduced with permission.
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Gail Riches
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T094 Analyse reef diversity

Adam Richmond
Page 640

Syllabus statement
At the end of this topic you should be able to ...

Analyse
Reef diversity data using an index, to determine rank abundance.
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Diversity data
• measurements of an attribute or attributes; data may
be quantitative or qualitative and be from primary or
secondary sources (ACARA 2015c)

Diversity indices
• used to rank abundance could include
• Shannon-Wiener,
• Simpson’s,
• Jaccard and
• Sorensen’s
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Analyse
• dissect to ascertain and examine constituent parts and/or their
relationships;
• break down or examine in order to identify the essential elements,
features, components or structure;
• determine the logic and reasonableness of information;
• examine or consider something in order to explain and interpret it, for the
purpose of finding meaning or relationships and identifying patterns,
similarities and differences
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Objectives
Determine rank abundance using the following diversity indices
•
•
•
•

Shannon-Wiener,
Simpson’s,
Jaccard and
Sorensen’s
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Rank abundance
Rank abundance is one way to measure diversity of an ecosystem. When comparing the
biodiversity of ecosystems, ecologists consider the number of individuals, the richness and
diversity of species, and the relative abundance or evenness of different species.
A healthy
ecosystem
often has high
biodiversity and
evenness.
Dominance of
one organism is
an indicator of
poor health.

Photograph Copyright Viewfinder. Reproduced with permission.
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Some areas naturally have greater diversity than others, such as the coral triangle.
Scientists need to compare locations in order to identify priority areas for conservation, and
compare the same areas over time to determine changes in reef health.

Also http://ctatlas.reefbase.org/coraltriangle.aspx
Image: Coral Guardian https://www.coralguardian.org/en/coral-triangle/
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For example, Mellin et al used
analysis based on Sørensen 's
and Simpsons indices to
compare differences in reef
communities through space
and time across the Great
Barrier Reef.
You can read the article here:
https://royalsocietypublishing.org/doi/p
df/10.1098/rspb.2013.1993

Reference: Mellin, C., Bradshaw, C., Fordham, D., & Caley,
M. (2014). Strong but opposing -diversity-stability
relationships in coral reef fish communities. Proceedings Of
The Royal Society B: Biological Sciences, 281(1777),
20131993-20131993. doi: 10.1098/rspb.2013.1993
Image: https://royalsocietypublishing.org/doi/pdf/10.1098/rspb.2013.1993
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The following pages of discussion
and exercises refer to the following
report.
Download the Reef Check Australia
Heron Island Reef Health Report
2018 here:
https://d3n8a8pro7vhmx.cloudfront.net/rca/pages/449/attach
ments/original/1554438573/Heron_Report_2018_FINALcompressed.pdf?1554438573

Or a report from a different
location or year from this
webpage:
https://www.reefcheckaustralia.org/publications

Image: Reef Check, Reef Check
Australia 2018 Heron Island Reef
Health Report
This report should be cited as: J. Salmond, J. Passenger, E. Kovacs, C. Roelfsema and D. Stetner.
Reef Check Australia 2018 Heron Island Reef Health Report. Reef Check Foundation Ltd.
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The following fish survey data was extracted from Heron Island Reef Health Report 2018

parrotfish snapper butterflyfish coral trout

grouper

moray eel

humphead
wrasse

Canyons
Cappuccino
Express

3

9

52

1

1

0

0

9

12

15

0

2

1

0

Coral Cascade

6

1

8

0

5

0

0

Coral Garden

4

8

5

0

0

0

0

Coral Grotto

3

6

9

0

3

0

0

Gorgonian Hole

0

21

22

0

2

0

1

Harry's Bommie

1

1

22

1

0

0

0

Heron Bommie

9

15

26

7

0

0

0

Jetty Flat

3

1

6

0

0

0

0

Last Resort

0

2

4

0

0

1

0

Libby's Lair

5

4

20

5

0

0

0

Research Zone

1

0

15

0

0

0

0

Shark Bay

2

0

12

0

1

0

0

Stevos Carbonara

0

0

0

0

0

0

0

White Wedding

0

12

0

0

0

0

0

We will determine
the species richness,
species diversity
(using Simpsons and
Shannon-Wiener
indices) and
similarity (using
Jaccard and
Sørensen’s
coefficients) of this
reef data

Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA

Reference: J. Salmond, J. Passenger, E. Kovacs, C. Roelfsema and D Stetner. Reef Check Australia 2018 Heron Island Reef Health Report. Reef Check Foundation Ltd.
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Species Richness (S)
Species richness is the number of different species represented in an ecological community, (in
this case reef). Species richness is simply a count of species, and it does not take into account
the abundances of the species or their relative abundance distributions.
parrotfish snapper butterflyfish coral trout

grouper

moray eel

humphead
wrasse

Canyons
Cappuccino
Express

3

9

52

1

1

0

0

9

12

15

0

2

1

0

Coral Cascade

6

1

8

0

5

0

0

Coral Garden

4

8

5

0

0

0

0

Coral Grotto

3

6

9

0

3

0

0

Gorgonian Hole

0

21

22

0

2

0

1

Harry's Bommie

1

1

22

1

0

0

0

Heron Bommie

9

15

26

7

0

0

0

Jetty Flat

3

1

6

0

0

0

0

Last Resort

0

2

4

0

0

1

0

Libby's Lair

5

4

20

5

0

0

0

Research Zone

1

0

15

0

0

0

0

Shark Bay

2

0

12

0

1

0

0

Stevos Carbonara

0

0

0

0

0

0

0

White Wedding

0

12

0

0

0

0

0

Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA

S
5
5
4
3
4
4
4
4
3
3
4
2
3
0
1

The species
richness of
Canyons and
Cappuccino
Express are
both 5.
Next we will
determine if
their diversity is
the same.
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Species diversity indices take into account both species richness and species evenness.
In Topic 042 Simpson’s Diversity Index, you learned how to calculate the biodiversity of a
sand dune ecosystem using Simpsons Diversity index (SDI or D).
Simpson's index considers the number of species present and the relative abundance of
each species.

In Topic 043 Apply biodiversity data, you used Shannon’s diversity index.

If you’ve forgotten what these are- revisit Topics 42 and 43.
There are lots of useful websites and tutorials online, like this one:
https://entnemdept.ifas.ufl.edu/hodges/protectus/lp_webfolder/9_12_grade/student_handout_1a.pdf
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Simpson’s Diversity Index (using Heron Island data for Canyons)

Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA

Need help?
Visit: https://www.statisticshowto.datasciencecentral.com/simpsons-diversity-index/
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Simpson’s Diversity Index (using Heron Island data for Cappuccino )
SDI cappuccino

n

n-1

n(n-1)

parrotfish

9

8

72

snapper

12

11

132

butterflyfish

15

14

210

coral trout

0

-1

0

grouper

2

1

2

moray eel

1

0

0

humphead wrasse

0

-1

0

N=39

Σn(n-1)= 416

D = 1-

(

416
1482

)

= 1 – 0.28
= 0.72

39 x 38 =1482
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Simpson’s Diversity Index (using Heron Island data for Coral Cascade )

SDI coral

cascade

n

n-1

n(n-1)

parrotfish

6

5

30

snapper

1

0

0

butterflyfish

8

7

56

coral trout

0

-1

0

grouper

5

4

20

moray eel

0

-1

0

humphead wrasse

0

-1

0

N=20

Σn(n-1)= 106

D = 1-

(

106
380

)

= 1 – 0.28
= 0.72

20 x 19 = 380
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Simpson’s Diversity Index
parrotfish snapper butterflyfish
Canyons
Cappuccino
Express
Coral
Cascade

coral
trout

moray humphead
eel
wrasse
grouper

S

N

D

3

9

52

1

1

0

0

5

66

0.36

9

12

15

0

2

1

0

5

39

0.72

6

1

8

0

5

0

0

4

20

0.72

The Simpson’s diversity index (D) at Canyons is 0.36
The Simpson’s diversity index (D) at Cappuccino express is 0.72
The Simpson’s diversity index (D) at Coral Cascade is 0.72
So what does this mean?
Species richness is the same at Canyons and Cappuccino Express, but the distribution of
organisms is much more even at Cappuccino express.
Coral Cascade has less species richness, but more even distribution than Canyons.
Coral Cascade has less species richness, but the same diversity index as Cappuccino express.
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Shannon-Wiener Index
In Topic 043 you learned how
to calculate Shannon-Wiener
diversity index.
This example was done using
Excel (and using the same
Heron Island data for
Canyons reef)

Product of
proportion x natural
natural log of (n/N)
log

Shannon canyons

number

proportion

species

n

n/N

ln(n/N)

n/N x ln(n/N)

parrotfish

3

0.05

-3.09

-0.14

snapper

9

0.14

-1.99

-0.27

butterflyfish

52

0.79

-0.24

-0.19

coral trout

1

0.02

-4.19

-0.06

grouper

1

0.02

-4.19

-0.06

N=66

Σ= -0.73

H= 0.73
the number of one species (n)
the total number of organisms (N)

The natural log (LN)
function of the proportion
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Shannon
cappuccino

Product of
proportion x
natural log

number

proportion

natural log of
(n/N)

species

n

n/N

ln(n/N)

n/N x ln(n/N)

parrotfish

9

0.23

-1.47

-0.34

snapper

12

0.31

-1.18

-0.36

butterflyfish

15

0.38

-0.96

-0.37

grouper

2

0.05

-2.97

-0.15

moray eel

1

0.03

-3.66

-0.09

N=39

This is the same process
for the data from Coral
Cascade and Cappuccino
express

Σ= -1.31

H= 1.31
Shannon
coral cascade

Product of
proportion x
natural log

number

proportion

natural log of
(n/N)

species

n

n/N

ln(n/N)

n/N x ln(n/N)

parrotfish

6

0.30

-1.20

-0.36

snapper

1

0.05

-3.00

-0.15

butterflyfish

8

0.40

-0.92

-0.37

grouper

5

0.25

-1.39

-0.35

N=20

Σ= -1.22

H= 1.22
Copyright Adam Richmond. May be used under Creative Commons CC 4.0 BY-NC-SA
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Shannon-Wiener index

parrotfish snapper butterflyfish

coral
trout

grouper

humphead
moray eel wrasse

S

N

D

H

Canyons

3

9

52

1

1

0

0

5

66

0.36

0.73

Cappuccino
Express

9

12

15

0

2

1

0

5

39

0.72

1.31

Coral
cascade

6

1

8

0

5

0

0

4

20

0.72

1.22

So what does this mean?
The Shannon Wiener indices followed a similar pattern, but is more sensitive than the
Simpson’s diversity index.
Cappuccino Express is slightly more diverse than Coral Cascade, which are both more
diverse than Canyons.
These Shannon-Wiener index values are low, literature suggests that Shannon Wiener
values are typically between 1.3 (low) and 4.5 (high).
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Rank Abundance Curves (also known as Whittaker curves)
Rank abundance curves show the relative abundance of each species on the Y axis against
its abundance rank on the X axis.
They provide a visual representation of species richness and species evenness
Rank abundance
Canyons

The proportions
are the same as
calculated for
the Shannon
Wiener index.

n

Rank

proportion

butterflyfish

52

1

0.79

0.70

snapper

9

2

0.14

0.60

parrotfish

3

3

0.05

0.50

coral trout

1

4

0.02

grouper

1

5

0.02

0.80

Proportion

The organisms
need to be
sorted from most
abundant to
least abundant.

Rank Abundance Curve- Canyons

0.90

0.40
0.30
0.20

moray eel
humphead
wrasse

0

6

0.00

0

7

0.00

N=66

0.10
0.00
0
-0.10

1

2

3

4

5

6

7

8

Rank abundance

There is a very simple tutorial here:
https://www.youtube.com/watch?v=3oTD1iONMnQ
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Similarity Indices help determine the similarity (or lack of similarity) between different
samples, quadrats, or communities.
Numerous similarity indices have been proposed to measure the degree to which species
composition of data sets is alike.

Images copyright
Underwater Earth / XL
Catlin Global Reef
Record. Reproduced
with permission.

How similar are quadrats 100130210 and 100130220 from Flinders reef?
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Jaccard similarity index
The Jaccard coefficient is the simplest index, and is widely used to assess similarity of quadrats.
Uses presence/absence data (ignores info about abundance)

SJ = a/(a + b + c)
Where:
SJ = Jaccard similarity coefficient,
a = number of species common to (shared by) both quadrats,
b = number of species unique to the first quadrat, and
c = number of species unique to the second quadrat
SJ usually is multiplied by 100% (i.e., SJ = 67%), and may be represented in terms of dissimilarity
(i.e., DJ = 1.0 - SJ)
Need help?
Visit: https://www.statisticshowto.datasciencecentral.com/jaccard-index/
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Jaccard similarity index

Canyons
Cappuccino
Express

parrotfish

snapper

butterflyfish coral trout

3

9

52

1

9

12

15

0

a

a

a

b

grouper

moray eel

humphead
wrasse

1

0

0

2

1

c

0

a

a = number of species common to (shared by) both quadrats
b = number of species unique to the first quadrat
c = number of species unique to the second quadrat

=4
=1
=1

SJ = a/(a + b + c)
SJ = 4/(4 + 1 + 1)
= 4/6
= 0.67
1 – 0.67 = 0.34

0.67 x 100 = 67%
These two fish communities are 67% similar
Alternatively, these communities are 33% dissimilar
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Jaccard similarity index

Harry's
Bommie
Heron
Bommie

parrotfish

snapper

1

1

22

9

15

26

a

a

a

grouper

moray eel

humphead
wrasse

1

0

0

0

7

0

0

0

butterflyfish coral trout

a

a = number of species common to (shared by) both quadrats
b = number of species unique to the first quadrat
c = number of species unique to the second quadrat

=4
=0
=0

SJ = a/(a + b + c)
SJ = 4/(4 + 0 + 0)
= 4/4
= 1.00

1.00 x 100 = 100%
These two fish communities are 100% similar.
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Sørensen’s similarity index
The Sørensen coefficient is a simple index, that gives greater "weight" to species common to the
quadrats than to those found in only one quadrat.
Like the Jaccard index, Sørensen’s index uses presence/absence data.

SS = 2a/(2a + b + c)
Where:
SS = Sørensen similarity coefficient,
a = number of species common to (shared by) both quadrats,
b = number of species unique to the first quadrat, and
c = number of species unique to the second quadrat

The Sørensen index
is sometimes called
a Bray-Curtis index,
Steinhaus index or
Czekanowski index

SS usually is multiplied by 100% (i.e., SS = 67%), and may be represented in terms of dissimilarity
(i.e., DS = 1.0 - SS)
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Sørensen’s similarity index

Canyons
Cappuccino
Express

parrotfish

snapper

3

9

52

9

12

15

grouper

moray eel

humphead
wrasse

1

1

0

0

0

2

1

0

butterflyfish coral trout

a = number of species common to (shared by) both quadrats
b = number of species unique to the first quadrat
c = number of species unique to the second quadrat

=4
=1
=1

SS = 2a/(2a + b + c)
SJ = 2x 4/(2x 4 + 1 + 1)
= 8 / (8 + 2)
= 8/10
= 0.80
1 – 0.80 = 0.34

0.800 x 100 = 80%
These two fish communities are 80% similar
Alternatively, these communities are 20% dissimilar.
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094
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by
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T095 Interpret reef changes

Adam Richmond
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Syllabus statement
At the end of this topic you should be able to ...

Interpret
with reference to regional trends, how coral cover has changed on a reef over time

When interpreting coral cover change,
recognise that reefs can and do recover from
pulse events but this may take decades.
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Interpret
• use knowledge and understanding to recognise trends and draw
conclusions from given information; make clear or explicit; elucidate or
understand in a particular way;
• bring out the meaning of, e.g. a dramatic or musical work, by performance
or execution; bring out the meaning of an artwork by artistic representation
or performance; give one's own interpretation of;
• identify or draw meaning from, or give meaning to, information presented
in various forms, such as words, symbols, pictures or graphs

Recognise
Identify or recall particular features of
information from knowledge; identify that
an item, characteristic or quality exists;
perceive as existing or true; be aware of
or acknowledge
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Objectives
1. Recognise and describe trends in coral cover graphs
2. Demonstrate understanding of factors that affect coral cover
3. Interpret a coral cover graph in your own words
4. Recall
• what pulse events are;
• how they affect coral cover;
• that corals can recover but that recovery can take
decades
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Pulse events
Pulse events, or acute disturbances,
cause temporary loss of coral cover and
degradation of reef systems. This coral
loss can be extreme and widespread.
Examples include: severe tropical
storms, mass coral bleaching due to
heat stress, and outbreaks of coral
predators or coral disease

Australia Infrared Satellite Image Cyclone Yasi
Image: @gletham GIS, flickr. CC BY2.0
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Threats to the reef
A short search of the literature revealed the following threats to coral reefs.
Which of these are pulse (acute, short term) events?
•
•
•
•
•
•
•
•
•
•
•
•
•

Anchoring: direct crushing and chain damage
Chemical and oil pollution
Cyclones
Disease events: such as white band disease
Fishing: commercial, line, trawl, traditional
Landfill/reclamation and dredging
Nutrient enrichment from runoff/sewage
Sedimentation due to floods
Storm damage/waves
Temperature rise global warming
Temperature spikes: anomalies and El Niño
Tourism pressure
Tsunamis

Coral bleaching is considered a pulse event
Image: Wikipedia
https://upload.wikimedia.org/wikipedia/en/9/90/Keppelbleaching.jpg
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Coral cover
Coral cover is the percentage of substrate that is occupied by scleractinian (hard) corals.
% Coral cover is commonly used
as a measure of coral reef
ecosystem health because
changes in coral cover are readily
apparent and easy to measure”1
Coral cover for the AIMS long
term monitoring program,
referred to during this topic, was
estimated using the manta tow
technique.
Reference:
1. Pratchett, M., & Hoogenboom, M. (2019). Disturbances
and pressures to coral reefs. In P. Hutchings, M. Kingsford
& O. Hoegh-Guldberg, The Great Barrier Reef: Biology,
Environment and Management (2nd ed., pp. 131-141).
Clayton South: CSIRO.

Manta tow is used for coral cover and COTS counts

Image copyright Australian Institute of Marine Science. Reproduced with permission
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Cyclone Debbie destroyed coral and caused heavy sedimentation

Image: A. Thompson, Copyright Australian Institute of Marine Science. Reproduced with permission.
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Chronic pressures
Chronic pressures are persistent changes in
conditions that cause continuous, longterm pressure on reef systems and species.
These pressures may not directly cause
significant coral mortality, but impact on
growth, reproduction, recruitment and
reduce the capacity of the reef system to
recover effectively.
Examples include:
• Declining water quality due to sediments,
nutrients and pollutants;
• Global climate change - sea surface
temperature, ocean acidification.

Corals at Pelican Island have low water
clarity due to runoff from the land
Copyright Underwater Earth Catlin Global Reef Record. Reproduced with
permission.
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Pulse events kill and
destroy some
established reef
organisms.
However, this makes
space available for new
coral recruits, which
contributes to habitat
heterogeneity and
biodiversity.

Juvenile and teenage corals are increasing coral cover at North Reef
Image copyright: Australian Institute of Marine Science, Long-term Reef Monitoring Program
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If pulse events are too frequent or too
severe, ecosystems cannot recover
completely between successive
disturbances, leading to a progressive
loss of species and degradation of reef
ecosystems.
The graphs to the right show the
different impacts of 3 pulse events on
the % cover of hard and soft corals at
Lizard Island.
Acropora hyacinthus quickly becomes
the dominant coral between
disturbances.

Image and reference: Wakeford, M., Done, T., & Johnson, C. (2007).
Decadal trends in a coral community and evidence of changed
disturbance regime. Coral Reefs, 27(1), 1-13. doi: 10.1007/s00338007-0284-0. Open access. CC 4.0 BY
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De’ath et al investigated coral cover in the Great Barrier from 1985-2012.
This graph shows the coral cover over the 214 reefs
surveyed across the entire Great Barrier Reef.
Box plots indicate the percentiles (25%, 50%, and
75%) of the coral cover distributions within each year.
% Cover on individual reefs ranged from 1.5%-80%
The mean coral cover show a substantial decline
from 28.0% to 13.8%- a 50.7% loss in coral cover over
the 27 years.

Download the open access article here:
https://www.pnas.org/content/109/44/17995
Reference and Image : De'ath, G., Fabricius, K. E., Sweatman, H. &
Puotinen, M. (2012). The 27-year decline of coral cover on the
Great Barrier Reef and its causes. Proceedings of the National
Academy of Sciences of USA, 109 (44), 17995-17999. (red line
added to image for clarity) NonCommercial No Derivatives 4.0
International (CC BY-NC-ND 4.0)
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This map of the GBR shows the
location of the 214 surveyed reefs in
the northern, central, and southern
regions.
The colour shading (green- red)
indicates mean coral cover averaged
over the period 1985-2012.
The colour of the circles (blue/white)
indicates the direction of change in
cover over time: 68% of reefs
declined, while 32% experienced an
increase n coral cover.

Reference: De'ath, G., Fabricius, K. E., Sweatman, H. & Puotinen, M. (2012).
The 27-year decline of coral cover on the Great Barrier Reef and its causes.
Proceedings of the National Academy of Sciences of USA, 109 (44), 1799517999 NonCommercial No Derivatives 4.0 International (CC BY-NC-ND 4.0).

Page 679

Changes in % coral cover vary regionally

“Interestingly, the pattern of decline (in coral cover) varies
among regions.
In the northern Great Barrier Reef coral cover has remained
relatively stable, whereas in the southern regions we see the
most dramatic loss of coral, particularly over the last decade
when storms have devastated many reefs.”1
Dr Peter Doherty, Research Fellow at AIMS.

1. Verbatim from Australian Institute of Marine Science. (https://www.aims.gov.au/docs/media/media.html)
October 2012 - The Great Barrier Reef has lost half of its coral in the last 27 years
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These graphs shows the trend in coral cover for the whole GBR and the northern, central, and
southern regions over the period 1985–2012.
Can you interpret the trends? (shown by the blue line)

Image: De'ath, G., Fabricius, K. E., Sweatman, H. & Puotinen, M. (2012). The 27-year decline of coral cover on the Great Barrier Reef and its causes. Proceedings of the National
Academy of Sciences of USA, 109 (44), 17995-17999 NonCommercial No Derivatives 4.0 International (CC BY-NC-ND 4.0)
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This graphs shows the trends in coral cover for the whole GBR and the northern, central, and
southern regions over the period 1985–2012.
The blue lines indicate mean coral cover (±2 SEs) of each trend. (N is the number of reefs).

28 % to 13.8%
50.7% decline
Rate of decline
increasing

24% to 24%
0% decline
Consistent coral
% cover

24.4 % to 14.1%
42.2% decline
Rate of decline
increasing

37.4 % to 8.2%
78% decline
Rate of decline
increasing

Reference: De'ath, G., Fabricius, K. E., Sweatman, H. & Puotinen, M. (2012). The 27-year decline of coral cover on the Great Barrier Reef and its causes. Proceedings of
the National Academy of Sciences of USA, 109 (44), 17995-17999. NonCommercial No Derivatives 4.0 International (CC BY-NC-ND 4.0)
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This is the same graph, but includes the proportions of annual mortality due to COTS, cyclones, and
bleaching. Composite bars indicate the estimated mean coral mortality for each year, and the subbars indicate the relative mortality due to COTS, cyclones, and bleaching.

Of the total decline in coral cover over the study period, tropical cyclones caused 48%; Crown of
Thorns starfish caused 42%; and coral bleaching only 10%.
Reference: De'ath, G., Fabricius, K. E., Sweatman, H. & Puotinen, M. (2012). The 27-year decline of coral cover on the Great Barrier
Reef and its causes. Proceedings of the National Academy of Sciences of USA, 109 (44), 17995-17999. NonCommercial No
Derivatives 4.0 International (CC BY-NC-ND 4.0)
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Osborne et al studied coral cover between 1995 and 2009, a period when there was “no net
decline” in coral cover when averaged across the Great Barrier Reef.
They found contrasting and uncorrelated temporal trends in coral cover at subregional scales (10–
100 km) as a result of localised disturbance events, mainly Crown of Thorns predation and cyclones.

No net
decline
across the
GBR

Huge
changes in
these two
subregions

Reference and image: Osborne, K., Dolman, A., Burgess, S., & Johns, K. (2011). Disturbance and the Dynamics of Coral Cover
on the Great Barrier Reef (1995–2009). Plos ONE, 6(3), e17516. doi: 10.1371/journal.pone.0017516. CC 4.0 (CC BY
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For clarity

Reference and image: Osborne, K., Dolman, A., Burgess, S., & Johns, K. (2011). Disturbance and the Dynamics of Coral Cover on the Great Barrier
Reef (1995–2009). Plos ONE, 6(3), e17516. doi: 10.1371/journal.pone.0017516. CC 4.0 (CC BY
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This figure, from the same
study, shows disturbances
associated with coral decline
are represented by a dot for
each reef where that type of
disturbance occurred.
Download the article here:

https://www.ncbi.nlm.nih.gov/pmc/arti
cles/PMC3053361/

During this study, a
disturbance occurred on
average every 4 years, with
moderate disturbances every 6
years and large disturbances
every 11 years
Reference and image: Osborne, K., Dolman, A.,
Burgess, S., & Johns, K. (2011). Disturbance and
the Dynamics of Coral Cover on the Great
Barrier Reef (1995–2009). Plos ONE, 6(3),
e17516. doi: 10.1371/journal.pone.0017516
Creative Commons 4.0 (CC BY)
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Pulse events have a greater impact on the coral cover of reef communities dominated by fast
growing corals than slower growing species.

Trends in hard coral on Acropora (left) and Porites/Alcyoniidae (right) dominated reefs

Image: Reprinted by permission from Springer Nature: Nature Ecology & Evolution, Water quality mediates resilience on the Great Barrier Reef, M. Aaron MacNeil et al., Nature Ecology &
Evolution, 3(4), 620-627. doi: 10.1038/s41559-019-0832-3 ©2019
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Reefs can recover

The specific requirements for reef recovery will be
covered in T106 Bleaching recovery conditions.

Data collected by the AIMS Long Term Monitoring Program from 2012 – 2015 shows that hard
coral cover in the central and southern sections of the reef increased.

In contrast, the northern section shows a decline in coral cover between 2012-2015 because of
an intense cyclone and a crown-of-thorns starfish outbreak in the region.
Image and reference: Australian Institute of Marine Science, https://www.aims.gov.au/-/05-aprilcondition-of-great-barrier-reef-corals-before-the-mass-bleaching-event-in-2016
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These images show
• (c) algae blooms following TC
Yasi in 2011,
• (d) the transition from recently
dead coral to live coral rock,
and
• (e) coral recruitment and
recovery by 2013 at Helix Reef.
• In this study recovery of %
coral cover was approximately
2% per year. 1
Estimates show that coral cover
has the potential to increase by
almost three per cent per year
when cyclones, crown-of- thorns
starfish and bleaching are
removed as drivers of change.2
Image and Reference 1. Beeden R, Maynard J, Puotinen M, Marshall P,
Dryden J, Goldberg J, et al. (2015) Impacts and Recovery from Severe
Tropical Cyclone Yasi on the Great Barrier Reef. PLoS ONE 10(4):
e0121272. https://doi.org/10.1371/journal.pone.0121272 open access
Creative Commons 4.0 (CC BY)

Page 689

The first survey
on North Reef in
CapricornBunkers on the
Great Barrier
Reef was in
2006.
In 2008 and 2009
storms caused
coral cover to
decline to very
low levels.
Coral recovery
was rapid - in
2014, coral cover
exceeded predisturbance
levels.

Time series of coral reef disturbance and recovery at North Reef.

Image copyright: Australian Institute of Marine Science, Long-term Reef Monitoring Program. Reproduced with permission.
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Johns et al (2014)studied six
reefs where coral cover had
returned to pre-disturbance
levels.
Most of them regained coral
cover (grey circles) within 710 years (except e).
It took 8-13 years for the
community assemblage
(black circles) to be restored
(except c and f).
Offshore reefs with fast
growing Acropora corals
showed the best recovery;
inshore reefs with Porites
and soft corals were unlikely
to recover.

Reference and Image: Johns, K., Osborne, K., & Logan, M. (2014). Contrasting rates of coral recovery and reassembly in
coral communities on the Great Barrier Reef. Coral Reefs, 33(3), 553-563. doi: 10.1007/s00338-014-1148-z. 4.0 (CC BY)
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“Our data show that the reefs can regain their coral cover after such disturbances, but
recovery takes 10-20 years. At present, the intervals between the disturbances are
generally too short for full recovery and that's causing the long-term losses.”1
Dr Hugh Sweatman

Senior Research Scientist
Leader of AIMS Long-term Monitoring Program

The scale and severity of coral bleaching
events has increased- and the frequency
of severe bleaching has increased from
once every 25-30 years to once every 5.9
years.
The percentage of reefs experiencing
bleaching events is increasing (right)
1. Verbatim from Australian Institute of Marine Science. October 2012 - The Great Barrier
Reef has lost half of its coral in the last 27 years.
Ref: https://www.aims.gov.au/docs/media/media.html
Image: From Hughes, T., Anderson, K., Connolly, S., Heron, S., Kerry, J., & Lough, J.
et al. (2018). Spatial and temporal patterns of mass bleaching of corals in the
Anthropocene. Science, 359(6371), 80-83. doi: 10.1126/science.aan8048.
Reprinted with permission from AIMS.
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The latest reports
The 2017/18 Annual summary report on coral
reef conditions show that coral cover declined
due to the cumulative impacts of multiple,
severe disturbances from coral bleaching,
cyclones and crown of thorns starfish
outbreaks.
Reefs in all regions were affected at different
times- but some reefs were affected more
than others- shown by the size of the circles
(left)
The trends in mean coral cover show a steep
decline- which has not been observed in the
historical record.
You can download the latest report here:

https://www.aims.gov.au/reef-monitoring/gbr-condition-summary-2017-2018

Image: Australian Institute of Marine Science, Long-term Reef Monitoring Program - Annual
Summary Report on coral reef condition for 2017/18
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Coral cover on the Northern
GBR was less than half of what
it was in 2013, due to two
severe cyclones, an ongoing
crown-of-thorns starfish
outbreak and back-to-back
severe coral bleaching events in
2016 and 2017.

Reefs in the Northern region were not surveyed
in 2017, which means that the impacts of
Tropical Cyclone Debbie and coral bleaching are
not yet fully represented in the results

Mean coral cover on survey
reefs in the Northern GBR was
very low in 2017 (about 10%). It
is uncertain how long it will take
for these Northern reefs to
recover, if not further disturbed,
as this is the first time that coral
cover this low has been
observed in history of the the
30+ year survey.

Image: Australian Institute of Marine Science, Long-term Reef Monitoring Program - Annual
Summary Report on coral reef condition for 2017/18
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Coral cover on reefs in the
Central GBR has been generally
lower than in the other two
regions.
Cover decreased to the lowest
level on record in 2012, following
the impact of Tropical Cyclone
Yasi in 2011.
Coral on these reefs recovered
rapidly up until 2016.

Image: Australian Institute of Marine Science, Long-term Reef Monitoring Program - Annual Summary
Report on coral reef condition for 2017/18

Surveys in 2018 found coral cover
had declined to 14% due to coral
bleaching in 2016 and again in
2017 and increasing activity of
crown-of-thorns starfish.
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Severe Tropical Cyclone Hamish
swept across much of the Southern
GBR in 2009 causing extensive
damage. Mean coral cover in the
southern region dropped sharply as a
result.
From 2009-2016 there were no
severe cyclones and few recorded
outbreaks of crown-of-thorns
starfish in the Swains or CapricornBunker Sectors, enabling the coral
cover on reefs in those sectors to
increase.

Image: Australian Institute of Marine Science, Long-term Reef Monitoring Program - Annual
Summary Report on coral reef condition for 2017/18

In 2017 an outbreak of crown-ofthorns starfish resulted in an overall
decline in mean coral cover in the
region from 33% in 2017 to 25% in
2018
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AIMS produce an Annual Summary Report on
coral reef condition.
The next two slides reproduce the 2017/18
assessment of the health of the Great Barrier
Reef.
Download the full report here:
https://www.aims.gov.au/reef-monitoring/gbr-conditionsummary-2017-2018
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“Major bleaching events in successive years
have not been seen on the GBR before 2016
and 2017.
Over the 30+ years of monitoring by AIMS,
GBR reefs have shown their ability to recover
after disturbances, but such ‘resilience’
clearly has limits.
The predicted consequences of climate
change include more powerful storms and
more frequent and more intense bleaching
events.
More intense disturbances mean greater
damage to reefs, so recovery must take
longer if the growth rate remains the same.
At the same time, the intervals between
acute disturbance events are decreasing and
chronic stresses such as high turbidity
and high ocean temperatures can slow rates
of recovery. ”

Coral community killed by bleaching,
Sir Charles Hardy Reef, Northern GBR region
Text verbatim and image from: Australian Institute of Marine Science, Long-term Reef
Monitoring Program - Annual Summary Report on coral reef condition for 2017/18
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“The geographic scale of recent bleaching means that
breeding populations of corals have been decimated
over large areas, reducing the potential sources of larvae
to recolonise reefs over the next years.
It is unprecedented in the 30+ year time series that all
three regions of the GBR have declined and that many
reefs have now very low coral cover.
The reefs in the Southern GBR still have relatively high
coral cover but have limited genetic connection to reefs
further north and may not be a source of significant
broodstock to support reef recovery elsewhere.
The prognosis of more frequent disturbances, each
causing greater damage to reefs, combined with slower
rates of recovery will inevitably lead to less living coral
on reefs of the GBR.
Measuring and understanding the process of coral reef
recovery will be a major focus of AIMS’ research and
monitoring over the next years.”
Text verbatim and image from: Australian Institute of Marine Science, Longterm Reef Monitoring Program - Annual Summary Report on coral reef
condition for 2017/18

Jenkins reef, before and after COTS outbreak
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A link to the next topic:
“We can't stop the storms, and ocean warming (the primary cause of coral bleaching) is
one of the critical impacts of the global climate change.”
"However, we can act to reduce the impact of crown of thorns…. in the absence of crown
of thorns, coral cover would increase at 0.89% per year, so even with losses due to
cyclones and bleaching there should be slow recovery.”
"We at AIMS will be redoubling our efforts to
understand the life cycle of crown of thorns
so we can better predict and reduce the periodic
population explosions of crown of thorns. It's
already clear that one important factor is water
quality, and we plan to explore
options for more direct intervention on this native
pest.”
Media (https://www.aims.gov.au/docs/media/media.html) 2 October 2012 - The Great
Barrier Reef has lost half of its coral in the last 27 years

Crown of thorns starfish
Image: AIMS LTMP
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Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Worksheet
095
Reef reports
by
Gail Riches
www.marineeducation.com.au
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T096 Water quality on reefs

Adam Richmond
Page 703

Syllabus statement
At the end of this topic you should be able to ...

Recognise
that some of the factors that reduce coral cover (e.g. crown-of-thorns) are directly
linked to water quality.
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Recognise
• identify or recall particular features of information from knowledge;
• identify that an item, characteristic or quality exists; perceive as existing or
true;
• be aware of or acknowledge
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Objective
To see if there is research evidence to links between COTS*
outbreaks and water quality.

* COTS – Crown of thorns starfish
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In 2012 the following article appeared in Proceedings of the National Academy of
Sciences indicating a direct link between water quality and COTS outbreaks.

https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC3497744/
Attribution: Articles from
Proceedings of the National
Academy of Sciences of the
United States of America are
provided here courtesy of
National Academy of Sciences.
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Water quality affects the reef
Declining water quality is recognised as one of
the most significant threats to the long-term
health and resilience of the Great Barrier Reef.

The main water quality issues facing
the Great Barrier Reef are:
Runoff
Pollution
Climate change and ocean
acidification

Learn more about water quality and the reef
here:

Testing for turbidity

Copyright Mick O’Connor. May be used under Creative
Commons CC 4.0 BY-NC-SA

https://www.aims.gov.au/docs/research/water
-quality/water-quality.html
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AIMS monitors water quality on the Great Barrier Reef and
in catchment aquaculture farms by using a series of water
quality probes.

You can see how Scientists do this at
https://youtu.be/Ml7A0QVASPA

Reef Water Quality

YouTube video by Australian Institute of Marine Science
available: https://youtu.be/Ml7A0QVASPA
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Runoff
Increased sediment and nutrient
loads in runoff:
• smothers coral reef organisms due
to the settling of suspended
sediment
• reduces light availability for coral
and seagrass photosynthesis due
to increased turbidity
• favours the growth of macroalgae
instead of corals due to high
nutrient availability.
Contaminants such as agricultural
pesticides and herbicides can weaken
the health and resilience of corals,
making them more susceptible to
disease outbreaks or climate impacts.
Reference: Backgrounder: Water quality
threats: safeguarding a national asset,
AIMS,
https://www.aims.gov.au/docs/research
/water-quality/position-paper.html

Agricultural runoff conceptual models

Image: J Prange, GBRMPA, reproduced http://www.waterquality.gov.au/anzguidelines/resources/case-study/great-barrier-reef#examine-current-understanding
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Nutrients
Annual inputs of
nitrogen from the
land have nearly
doubled from 23 000
to 43 000 tonnes
over the past 150
years, while
phosphorus inputs
have tripled from
2400 tonnes to 7100
tonnes.

Reference: Backgrounder: Water
quality threats: safeguarding a
national asset, AIMS,
https://www.aims.gov.au/docs/rese
arch/water-quality/positionpaper.html

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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The processes that control the fate of nutrients:
• how long they remain in the Great Barrier reef lagoon,
• what organisms exploit them and
• where they go- are still poorly understood.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Turbidity
Light is an important factor
for the growth and survival of
coral reefs.
Measurements suggest that
coastal waters in some parts
of the Great Barrier Reef are
becoming more turbid due to
increased loads of fine
sediment and organic
particles, continually
resuspended by waves and
currents.

Reference: Backgrounder: Water quality threats:
safeguarding a national asset, AIMS,
https://www.aims.gov.au/docs/research/waterquality/position-paper.html, and
AIMS, Water quality and the great Barrier reef,
https://www.aims.gov.au/documents/30301/210735
0/Water+quality.pdf

Suspended sediment causes poor visibility for divers
sampling during a flood plume
Image Source: Australian Institute of Marine Science
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Disease
Coral disease outbreaks have
emerged as a major cause of
coral mortality and reef decline
globally.
They are often linked to
declining water quality,
overfishing and heat stress and
are now on the rise in areas of
the Great Barrier Reef.
Research continues to
determine whether microbes
cause the disease, or are
symptom or cause of stress.

Black band disease is one of the most common diseases
affecting corals on the GBR
Image copyright : Patrick Buerger, AIMS. Reproduced with permission

Reference: Backgrounder: Water quality threats:
safeguarding a national asset, AIMS,
https://www.aims.gov.au/docs/research/waterquality/position-paper.html
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Contaminants
A variety of chemicals used in
agricultural, industrial and urban
environments have toxic effects
on corals.
These chemicals can affect
photosynthesis in the coral’s
symbiotic algae, disrupt coral
reproduction and inhibit the
successful settlement of coral
larvae.
Flood water runoff from this
cane field can enter the Herbert
River catchment.
Image: CSIRO. CC 4.0 BY
Reference: Backgrounder: Water quality threats: safeguarding a
national asset, AIMS,
https://www.aims.gov.au/docs/research/water-quality/positionpaper.html and
AIMS, Water quality and the great Barrier reef,
https://www.aims.gov.au/documents/30301/2107350/Water+qualit
y.pdf
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Chemicals that can influence corals include
herbicides and pesticides, industrial wastes,
oils, solvents, industrial chemicals that mimic
natural hormones, and nutrients at high
levels.
These contaminants weaken the ecosystem,
reducing its resilience against disease,
physical disturbance and climate change.

This coral branch was exposed to the
fungicide MEMC at 1 µg/L, killing coral
tissue and exposing the white skeleton
underneath.
Image: Andrew Negri, AIMS. CC 4.0 BY
Reference: Backgrounder: Water quality threats: safeguarding a national
asset, AIMS, https://www.aims.gov.au/docs/research/water-quality/positionpaper.html and
AIMS, Water quality and the great Barrier reef,
https://www.aims.gov.au/documents/30301/2107350/Water+quality.pdf
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Ocean acidification
Ocean acidification causes
significant water quality stress on
coral reef ecosystems.
Much of the additional carbon
dioxide added to the atmosphere
by fossil fuel burning, land use and
industrial activities eventually
dissolves in the ocean.
This causes a gradual acidification
that reduces the ability of corals
and other calcifying organisms to
produce their calcium carbonate
skeletons.
More on this in topic 113

Atmospheric CO2 and Ocean Acidification
Image: Hoegh-Guldberg, O., Poloczanska, E., Skirving, W., & Dove, S. (2017). Coral Reef Ecosystems under
Climate Change and Ocean Acidification. Frontiers In Marine Science, 4. doi: 10.3389/fmars.2017.00158 open
access CC 4.0 BY

Reference: Backgrounder: Water quality threats:
safeguarding a national asset, AIMS,
https://www.aims.gov.au/docs/research/waterquality/position-paper.html
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Increased sedimentation and nutrients can cause higher algal growth, build-up of
pollutants in sediments and marine species, and reduced light and smothered corals.

Corals can be completely covered by sediment

Image: Tony Ayling in Erftemeijer, P., Riegl, B., Hoeksema, B., & Todd, P. (2012). Environmental impacts of dredging and other sediment disturbances on corals: A
review. Marine Pollution Bulletin, 64(9), 1737-1765. doi: 10.1016/j.marpolbul.2012.05.008. open access CC 4.0 BY

Reference: Poor water quality from land-based run-off,
Great Barrier reef Foiundation,
https://www.barrierreef.org/the-reef/the-threats/poorwater-quality
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Coral reefs in turbid
waters have less
structural complexity, and
provide habitat for fewer
large herbivorous fish.
The lower abundance of
herbivores further
contributes to a higher
level of macroalgal cover.

This is a “Catch-22”
Reference: K.E. Fabricius et al. Vulnerability of
coral reefs of the Great Barrier Reef to climate
change IN
J.E. Johnson, P.A. Marshall (Eds.), Climate
Change and the Great Barrier Reef: A
Vulnerability Assessment, Great Barrier Reef
Marine Park Authority, Townsville,
Australia (2007), pp. 515-554, available:
http://www.gbrmpa.gov.au/__data/assets/pdf
_file/0014/5432/chpt-17-fabricius-et-al2007.pdf

Havannah Island Reef is now a macro-algae dominated benthic
community.
Image: AIMS LTMP, https://eatlas.org.au/media/1024 CC 4.0 BY
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High levels of nutrients and sediments lead
to high macroalgal cover, low coral
biodiversity and low rates of coral
reproduction and recruitment on inshore
reefs, slowing rates of coral recovery after
disturbances, and increasing frequency of
outbreaks of crown-of-thorns starfish.

Reference: Declining coral growth on the
Great Barrier Reef, AIMS, available:
https://www.aims.gov.au/docs/research/clim
ate-change/declining-coral-growth.html

Image: David Williamson, JCU, https://eatlas.org.au/media/669. CC 4.0 BY
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Crown of Thorns Starfish
Crown of Thorns starfish (CoTS) outbreaks are one of the most significant disturbances and major
causes of coral loss across the Indo-Pacific. CoTs can have a devastating effect on coral cover over
a wide geographic area.

A reef before a COTS outbreak (left) and after (right).
Image: AIMS LTMP, https://eatlas.org.au/media/1004

Reference: K.E. Fabricius, O. Hoegh-Guldberg, J. Johnson, et al.Vulnerability of coral reefs of the Great Barrier Reef to
climate change IN J.E. Johnson, P.A. Marshall (Eds.), Climate Change and the Great Barrier Reef: A Vulnerability
Assessment, Great Barrier Reef Marine Park Authority, Townsville, Australia (2007), pp. 515-554, available:
http://www.gbrmpa.gov.au/__data/assets/pdf_file/0014/5432/chpt-17-fabricius-et-al-2007.pdf
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Nutrient-rich runoff is
associated with the
initiation of primary
outbreaks of CoTS on
inshore reefs.
This is thought to be
because the planktonic
CoTS larvae depend on
high abundances of large
phytoplankton for their
development, and this
phytoplankton is most
abundant in nutrient-rich
conditions.
Reference: K.E. Fabricius, O. HoeghGuldberg, J. Johnson, et al.Vulnerability of coral
reefs of the Great Barrier Reef to climate change
IN J.E. Johnson, P.A. Marshall (Eds.), Climate
Change and the Great Barrier Reef: A
Vulnerability Assessment, Great Barrier Reef
Marine Park Authority, Townsville,
Australia (2007), pp. 515-554, available:
http://www.gbrmpa.gov.au/__data/assets/pdf_f
ile/0014/5432/chpt-17-fabricius-et-al-2007.pdf

CoTS fertilized eggs and larval stages
Image: AIMS, https://eatlas.org.au/nerp-te/cots-larvae
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Once a CoTS outbreak has begun,
outbreaks can spread to reefs far away
from terrestrial runoff.
So, terrestrial runoff affects not only
some inshore reefs but can also have
severe effects on remote offshore reefs.
The southwards movement of outbreaks
can be seen by following the link below to
an animation of CoTS outbreaks over the
past 30 years. http://eatlas.org.au/auto-files/gbraims-ltmp-manta-animation_COTS-3-cat-2yrspan/GBR_AIMS_LTMP-manta_COTS-3-cat-2yrspan.mp4

Reference: K.E. Fabricius, O. Hoegh-Guldberg, J. Johnson, et
al.Vulnerability of coral reefs of the Great Barrier Reef to
climate change IN J.E. Johnson, P.A. Marshall (Eds.), Climate
Change and the Great Barrier Reef: A Vulnerability
Assessment, Great Barrier Reef Marine Park
Authority, Townsville, Australia (2007), pp. 515-554,
available:
http://www.gbrmpa.gov.au/__data/assets/pdf_file/0014/54
32/chpt-17-fabricius-et-al-2007.pdf

Distribution of CoTS outbreaks
Image: AIMS LTMP
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Marine scientists have
not reached
consensus on whether
terrestrial runoff
promotes primary
outbreaks on the GBR
or plays an important
role in fuelling
subsequent secondary
outbreaks.

Reference:
Morgan S. Pratchett, Ciemon F.
Caballes, et al, Thirty Years of
Research on Crown-of-Thorns
Starfish (1986–2016): Scientific
Advances and Emerging
Opportunities
Reprinted from: Diversity 2017, 9(4),
41; doi: 10.3390/d9040041

Crown-of-thorns seastars can form a feeding front that progresses
up the reef slope, eating the live coral they encounter.
Image: AIMS, LTMP, CCBY3.0
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Reefs frequently exposed to terrestrial runoff have lower levels of resilience compared to reefs not
exposed to frequent runoff.
This has important implications for reefs exposed to more frequent disturbance from climaterelated changes such as coral bleaching and more intense storms.

A disturbance such as coral bleaching
has a greater impact on a reef with
low resilience
Reef resilience was
explained in T092:
Reef Hysteresis
Image: Dakos, V., van Nes, E., Donangelo, R., Fort, H., & Scheffer, M. (2009). Spatial correlation
as leading indicator of catastrophic shifts. Theoretical Ecology, 3(3), 163-174. doi:
10.1007/s12080-009-0060-6 open access.

Reference: K.E. Fabricius et al Vulnerability of coral reefs of the Great Barrier Reef to climate change IN
J.E. Johnson, P.A. Marshall (Eds.), Climate Change and the Great Barrier Reef: A Vulnerability
Assessment, Great Barrier Reef Marine Park Authority, Townsville, Australia (2007), pp. 515-554,
available: http://www.gbrmpa.gov.au/__data/assets/pdf_file/0014/5432/chpt-17-fabricius-et-al2007.pdf
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A study into the long term
decline of coral cover on the
Great Barrier reef concluded
that coral cover would increase
in the absence of CoTS.
CoTS populations can be
reduced by improving water
quality and alternative control
measures.

De'ath, G., Fabricius, K., Sweatman, H., &
Puotinen, M. (2012). The 27-year decline
of coral cover on the Great Barrier Reef
and its causes. Proceedings Of The
National Academy Of Sciences, 109(44),
17995-17999. doi:
10.1073/pnas.1208909109

Crown-of-thorns starfish feeding. The white coral is recently
dead and evidence of starfish feeding activity.
Image: AIMS, LTMP, https://eatlas.org.au/media/566 CC 4.0 BY
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The Australian Government’s crown-of-thorns starfish control programme has two teams of 10 to
12 divers, rotating 10 days on and four days off, out in the water culling and removing the crownof-thorns starfish.
A toxin, developed at James
Cook. University, is injected
into the starfish, causing it to
break apart and die within 24
hours.
17 million CoTS have so far
been killed and/or removed
from reefs across the IndoPacific1.

Reference 1: Morgan S. Pratchett, Ciemon F.
Caballes, et al, Thirty Years of Research on
Crown-of-Thorns Starfish (1986–2016):
Scientific Advances and Emerging
Opportunities
Reprinted from: Diversity 2017, 9(4), 41; doi:
10.3390/d9040041

CoTS near Lady Musgrave Island on the Great Barrier Reef
Image: Reef HQ Aquarium, © Commonwealth of Australia 2019.
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There are now 6 boats patrolling the GBRMP.
Boats inject COTS with white vinegar in the side which kills the COTS
within 24-48hrs.
https://www.youtube.com/watch?v=MwvOX3HHifM

Image copyright GBRMPA. Reproduced with permission.
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Read the a case study on the Crown-of-thorns starfish
management programme here:
https://www.environment.gov.au/marine/gbr/case-studies/crown-of-thorns

https://www.environment.gov.au/marine/gbr/case-studies/crown-of-thorns
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The Australian Institute of Marine Science monitors crown-of-thorns starfish populations
on the Great Barrier Reef to determine the current state of outbreaks along the Reef.
You can learn more about this program here: http://data.aims.gov.au/waCOTSPage/cotspage.jsp

Screenshot from the
AIMS CoTS webpage

Source: Australian Institute of Marine Science, http://data.aims.gov.au/waCOTSPage/cotspage.jsp
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In 1988 CoTS caused widespread destruction of the Central GBR. How do CoTS numbers compare today?
This graph shows historical
percentages of reefs with CoTS
outbreaks.
In 2018, 22% of reefs have CoTS
outbreaks, compared with 10%
in 1988.
The second graph shows the
average density of CoTS (as
counted during a 2 minute
manta tow) across the whole
Great Barrier Reef. In 2018 the
density is 0.78, compared with
1.17 in 1988.

Source: Australian Institute of Marine Science, http://data.aims.gov.au/waCOTSPage/cotspage.jsp
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The AIMS CoTS webpage includes information about individual reefs with CoTS outbreaks.
For example, Jenkins Reef, in the Swains Group, had an active outbreak when surveyed in 2018.
The number of COTS and 5 coral cover is included below:

Source: Australian Institute of Marine Science, http://apps.aims.gov.au/reef-monitoring/reef/21584S
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Data on COTS per tow and % coral cover, and benthic cover at Jenkins Reef is presented below:

Can you interpret these graphs of benthic cover from 2006- 2018 at Jenkins reef?
Source: Australian Institute of Marine Science, http://apps.aims.gov.au/reef-monitoring/reef/21584S
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Hard coral cover increasing from 2006-2016 when
CoTS numbers were low, followed by a significant
drop in hard coral cover in 2018- coinciding with an
increase in CoTS numbers.
Source: Australian Institute of Marine Science, http://apps.aims.gov.au/reef-monitoring/reef/21584S
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Algae cover decreases with increasing hard coral
cover- until 2016, when coral cover decreases
drastically- with a corresponding increase in algal
cover.
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Further research is
required to determine
whether increased
actions to improve water
quality (specifically,
addressing land-use
practices to reduce
nutrient inputs) within
reef environments can
reduce the frequency or
intensity of future CoTS
outbreaks.1

1 Morgan S. Pratchett, Ciemon F.
Caballes, et al, Thirty Years of
Research on Crown-of-Thorns
Starfish (1986–2016): Scientific
Advances and Emerging
Opportunities
Reprinted from: Diversity 2017, 9(4),
41; doi: 10.3390/d9040041

Close up of crown of thorns starfish's spines
Image: Ian Miller, AIMS CC 4.0 BY

Page 735

Further activities
See
https://coralwatch.org/index.php/edu
cation-2/curriculummaterials/marine-science/
by
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Further references
https://www.qut.edu.au/science-engineering/about/news?news-id=125876
https://www.qut.edu.au/research/article?id=135108
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Reef reports
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T097 Water quality overall
effects

Adam Richmond
Page 739

Syllabus statement
At the end of this topic you should be able to ...

Understand
that the processes in this sub-topic interact to have an overall net effect, i.e. they do
not occur in isolation.
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Understand
• perceive what is meant by something; grasp; be familiar with (e.g. an idea);
construct meaning from messages, including oral, written and graphic
communication
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Objectives
Explain the effect of a combination of processes operating
together.
Create a flow chart to explain how a series of processes can
impact on a coral reef.
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Review this subtopic: Reef, habitats and connectivity
In this topic, we have covered:
• Corals are habitat formers and ecosystem engineers
• Habitat complexity (rugosity) influences species diversity
• Connectivity helps species replenishment
• Fish lifecycles cross habitats
• Fish, particularly, herbivores benefit coral reefs
• Ecological tipping points
• Hysteresis and reef resilience
• Coral reef diversity measurement techniques
• Reef diversity data analysis and rank abundance
• Reef state is measured by changes in coral cover- causes and trends
• Water quality, CoTS and disease
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There are many processes that impact on coral reefs. Here are some:

Image: Adam Richmond, using wordart.com
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For clarity

Image: Adam Richmond, using wordart.com
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Processes that impact on coral reefs.
Agricultural runoff
Algal blooms
Atmospheric CO2 concentration increase
Climate change
Coastal development
Coral bleaching
Coral collection
Crown of Thorns outbreaks
Cyclones
Decreasing aragonite concentration
Destructive fishing methods
Disease
Dredging
Floods

Invasive species
Nutrients
Ocean acidification
Overfishing
Pollution
Population growth
Salinity stress
Sea level rise
Sea surface temperature increase
Sedimentation
Storms
Tourism impacts
Turbidity

Can you think of any others?
Page 746

These stressors do not
occur in isolation, for
example:
A flood event following a
storm will result in water
with low salinity, high
nutrients, pollutants such
as pesticides, increased
sedimentation and
turbidity.

Photographer: C.Honchin. Copyright
Commonwealth of Australia (GBRMPA)

Aerial view of flood plumes after flooding in January 2010
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Permission requested- researchgate to ove,email to aaas 7/5/19
Any one impact will have flow-on effects throughout the coral reef ecosystem.

Ecological feedback processes on a coral reef showing pathways of disturbance caused by climate
change
Reference: Hoegh-Guldberg, O., Mumby, P., Hooten, A., Steneck, R., Greenfield, P., & Gomez, E. et al. (2007). Coral Reefs Under Rapid Climate Change and Ocean
Acidification. Science, 318(5857), 1737-1742. doi: 10.1126/science.1152509

Page 748

Permission requested- researchgate to ove,email to aaas 7/5/19
For example, a reduction in numbers of grazing fish will lead to reduced grazing, causing an
increase in macroalgae, which will increase competition for corals and coralline red algae.
Reduced grazing fish will also reduce bioerosion.
What would be the impact of increasing bleached and dead corals?

Reference: Hoegh-Guldberg, O., Mumby, P., Hooten, A., Steneck, R., Greenfield, P., & Gomez, E. et al. (2007). Coral Reefs
Under Rapid Climate Change and Ocean Acidification. Science, 318(5857), 1737-1742. doi: 10.1126/science.1152509
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Coral bleaching can result in reduced density of fecund corals, which caused reduces spawning
at a reef scale, which reduces larval supply, which reduces coral recruitment and growth. This
leads to a decrease in rugosity and shelter for grazing fish, which can lead to increased
macroalgae. At the same time, habitat loss reduces connectivity, which further grazing fish.

Reference: Hoegh-Guldberg, O., Mumby, P., Hooten, A., Steneck, R., Greenfield, P., & Gomez, E. et al. (2007). Coral Reefs
Under Rapid Climate Change and Ocean Acidification. Science, 318(5857), 1737-1742. doi: 10.1126/science.1152509
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What would be the impact of overfishing herbivores?
Or increased coral recruitment?

Image: MUMBY, P., & STENECK, R. (2008). Coral reef management and conservation in light of rapidly evolving ecological
paradigms. Trends In Ecology & Evolution, 23(10), 555-563. doi: 10.1016/j.tree.2008.06.011 with permission from Elsevier.
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Overfishing herbivores will reduce grazing intensity, and reduce fish recruitment, increasing
macroalgal cover, reducing coral recruitment and coral cover, reducing coral complexity which
will further reduce herbivore numbers.

Image: MUMBY, P., & STENECK, R. (2008). Coral reef management and conservation in light of rapidly evolving ecological
paradigms. Trends In Ecology & Evolution, 23(10), 555-563. doi: 10.1016/j.tree.2008.06.011 with permission from Elsevier.
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Increased coral recruitment will lead to increased coral cover and increased structural
complexity. Increased grazing (from increased fish habitat) leads to increased fish recruitment
and decreased algal cover- which further increased coral recruitment.

Image: MUMBY, P., & STENECK, R. (2008). Coral reef management and conservation in light of rapidly evolving ecological
paradigms. Trends In Ecology & Evolution, 23(10), 555-563. doi: 10.1016/j.tree.2008.06.011 with permission from Elsevier.
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Interactions between multiple drivers
The interactions between multiple drivers can be additive,
antagonistic or synergistic.
For example, if climate change has effect x on the abundance of
corals on a reef
and
overfishing has effect y,
then climate change and overfishing together may have an effect
that is
x + y (additive),
less than x + y (antagonistic), or
greater than x + y (synergistic)
Reference: Hughes, T., Barnes, M., Bellwood, D., Cinner, J., Cumming, G., & Jackson, J. et al. (2017). Coral reefs in the
Anthropocene. Nature, 546(7656), 82-90. doi: 10.1038/nature22901
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Bozec and Mumby modelled the interaction between
acute and chronic impacts on Caribbean coral reefs.
The grey lines show that % coral cover on reefs will
increase when not affected by impacts.
The red line shows the impact of an acute stressor
(coral bleaching) on coral cover.
The green line shows the impact of another chronic
stressor (reduced growth rate) on coral cover.
The blue line shows the additive combined effect on
coral cover.

Reference

Bozec, Y., & Mumby, P. (2014). Synergistic impacts of global warming on the resilience of coral
reefs. Philosophical Transactions Of The Royal Society B: Biological Sciences, 370(1659),
20130267-20130267. doi: 10.1098/rstb.2013.0267
https://royalsocietypublishing.org/doi/full/10.1098/rstb.2013.0267
Philosophical transactions. Biological sciences by Royal Society (Great Britain) Reproduced with
permission of ROYAL SOCIETY in the format Republish in presentation/slides via Copyright
Clearance Center.

Republish in presentation/slides via Copyright
Clearance Center.

Page 755

Acute and chronic stressors have a greater impact of
reef resilience.
The grey lines acts as a control, reflecting the level of
ecological resilience of a reef.
The red line shows the impact of an acute stressor
(coral bleaching) on resilience.
The green line shows the impact of a chronic
stressors (reduced growth rate) on resilience.
The blue line shows the combined synergistic effect
on resilience.

Reference

Bozec, Y., & Mumby, P. (2014). Synergistic impacts of global warming on the resilience of coral
reefs. Philosophical Transactions Of The Royal Society B: Biological Sciences, 370(1659),
20130267-20130267. doi: 10.1098/rstb.2013.0267
https://royalsocietypublishing.org/doi/full/10.1098/rstb.2013.0267
Philosophical transactions. Biological sciences by Royal Society (Great Britain) Reproduced with
permission of ROYAL SOCIETY in the format Republish in presentation/slides via Copyright
Clearance Center.

Republish in presentation/slides via Copyright
Clearance Center.
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This graph is from a statistical model, based on observed data of Acropora cover at Penrith
Reef, in the southern sector of the Great Barrier Reef.
It shows the individual impacts
of:
•

no disturbance;

• acute disturbances (such as
cyclones, CoTS outbreaks and
bleaching);
• chronic pressures (water
quality, warming); and
• the combined effects of acute
and chronic disturbances.

Reference and Image: Ortiz, J., Wolff, N., Anthony, K., Devlin, M., Lewis, S., & Mumby, P.
(2018). Impaired recovery of the Great Barrier Reef under cumulative stress. Science
Advances, 4(7), eaar6127. doi: 10.1126/sciadv.aar6127, CC BY-NC
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Ortiz et al analysed coral
cover change on the
Great Barrier reef
attributed to cyclones,
CoTS outbreaks and
bleaching.
They determined that
reductions in recovery
rates are (probably) due
to cumulative effects of
stressors on coral
recruitment, growth and
partial mortality.
Reference and Image: Ortiz, J., Wolff, N., Anthony, K., Devlin, M., Lewis, S., & Mumby, P. (2018). Impaired recovery of the
Great Barrier Reef under cumulative stress. Science Advances, 4(7), eaar6127. doi: 10.1126/sciadv.aar6127, CC BY-NC
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Ortiz et al proposed that coral recruitment may be reduced on the GBR, by the following
combination of factors:
The widespread loss of adult corals on the
GBR, will potentially reduce recruitment
rates.

Less adult corals are alive- so
there are fewer available to
spawn

Recruitment might also decline in
response to sublethal effects of thermal
stress, which can reduce fecundity for
several years.

The corals that are alive are
stressed and not in breeding
condition.

Nutrient and sediment enrichment of
coastal waters can impede coral larval
settlement and recruitment because of
interactions with benthic algae and
sediment

Any larvae that are successfully
created are less likely to settle
and survive.

Reference:
Ortiz, J., Wolff, N., Anthony, K., Devlin, M., Lewis, S., & Mumby, P.
(2018). Impaired recovery of the Great Barrier Reef under cumulative
stress. Science Advances, 4(7), eaar6127. doi: 10.1126/sciadv.aar6127,
CC BY-NC
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“The cumulative impacts of global
pressures, in concert with local
disturbances (e.g. tropical cyclones) and
local anthropogenic pressures such as
land run-off, are likely to reduce the
resilience of Great Barrier Reef costal and
marine ecosystems.”

Download the 2017 scientific consensus
statement here:

https://www.reefplan.qld.gov.au/__data/assets/pdf_fi
le/0030/45993/2017-scientific-consensus-statementsummary-chap01.pdf

Direct Quote, page 45, Schaffelke, B., Collier, C., Kroon, F., Lough, J.,
McKenzie, L., Ronan, M., Uthicke, S., Brodie, J., 2017. Scientific
Consensus Statement 2017. Scientific Consensus Statement 2017: A
synthesis of the science of land-based water quality impacts on the
Great Barrier Reef, Chapter 1: The condition of coastal and marine
ecosystems of the Great Barrier Reef and their responses to water
quality and disturbances. State of Queensland, 2017.
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The combination of many
threats increases the overall
risk to the coral reef habitat.

Image: Great Barrier Reef Marine Park Authority 2014, Great Barrier Reef Outlook Report 2014, GBRMPA, Townsville. CCBY3.0
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This figure shows how multiple threats to the Great barrier Reef can overlap and interact to
present a serious cumulative risk to local habitats and species.

Image: Great Barrier Reef Marine Park Authority 2014, Great Barrier Reef Outlook Report 2014, GBRMPA, Townsville. CCBY3.0
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This 3D model shows the response of coral
reefs to multiple anthropogenic drivers.
Depending on the strength and interaction
between climate change, nutrient pollution
and fishing, three outcomes are possible:
healthy coral-dominated reefs (red);
macroalgal state (green); alternative states
(purple).
The coral state collapses if the stress from any
single driver is too strong and is eliminated
entirely by the cumulative impacts of multiple
drivers.
Reprinted by permission from : Springer Nature, Nature, Hughes et al.© 2017

Reference and image:

Hughes, T., Barnes, M., Bellwood, D., Cinner, J., Cumming, G., & Jackson, J.
et al. (2017). Coral reefs in the Anthropocene. Nature, 546(7656), 82-90.
doi: 10.1038/nature22901
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Here is an example of a combination of processes impacting the GBR:
• A slight increase in sea surface temperature
stresses coral towards the extremes of
tolerance levels.
• This, by itself is survivable: corals can and
do recover from bleaching events.
• The concentration of aragonite, required
for building a coral skeleton, is also reduced
(by decreasing ocean pH), so growth of
corals is reduced.
• Increased erosion exceeds net accretion,
and coral reef ecosystems may lose their
habitat complexity.
• Less complex (rugose) habitats offer less
shelter for many species, reducing
biodiversity- and housing fewer herbivores.
• A reduced population of herbivores
decreases the resilience of a coral reef
ecosystem, decreasing the chances of
recovery from occasional pulse events.

• The frequency and severity of pulse
events seems to be increasing- so
there is insufficient recovery time for
many coral reef ecosystems.
• Hysteresis means that the reduction or
removal of drivers may not lead to a
commensurate improvement in
ecosystem state- and the coral reef
ecosystem may undergo a phase shift
to an algal-dominated system.
• Declines in water quality caused by
land use, contribute to disease,
sedimentation, excess nutrients and
may increase CoTS outbreaks.
• By using more energy on calcification,
corals have less resources available for
recovery and reproduction, which
limits the supply of larval recruits.
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Worksheet
097
Water Quality
Woes
by
Gail Riches
www.marineeducation.com.au
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T098 Conduct connectivity
experiment

Adam Richmond
Page 766

Syllabus statement
At the end of this topic you should be able to ...

Examine
the concept of connectivity in a habitat by investigating the impact of water quality on
reef health.
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Examine (investigate)
• investigate, inspect or scrutinise;
• inquire or search into;
• consider or discuss an argument or concept in a way that uncovers the
assumptions and interrelationships of the issue
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Objective
Conduct an investigation into the impact of water quality on reef health.
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Your investigation will need some
reliable data on water quality
and reef health.
This presentation contains links
to some sources of secondary
data as well an excellent
workbook mandatory practical.

By U.S. Environmental Protection Agency, Chicago, IL - "Great Lakes Monitoring: Sampling
Equipment", Public Domain, https://commons.wikimedia.org/w/index.php?curid=15165068
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You may get to do some water quality experiments yourself.

Images copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA

Page 771

However the syllabus focusses on the reef and
correct analysis relies on data sets.

A syllabus mandatory practical using reef
data sets can be found at
Marine Education Worksheets
www.marineeducation.com.au
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The workbook can be
purchased from
www.marineeducation.com.au
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In the workbook practical, photographic
transect data and reef ratings are used
to examine the concept of connectivity
in a habitat by investigating the impact
of water quality on reef health.
In this practical photographic images
from the following reefs are used as
sources for data analysis.
a. Agincourt Reef (via Cairns)
b. Lady Elliot Island (via Bundaberg)
c. Magnetic Island (via Townsville)
D. Great Keppel Island (via Yeppoon)
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For example the Catlin global reef record survey data can be used to obtain reef transect data.
http://globalreefrecord.org/home_scientific

Underwater Earth
Catlin Global Reef
Record resources

Copyright Underwater Earth Catlin Global Reef Record. Reproduced with permission.
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For example – Argincourt Reef

Copyright Underwater Earth Catlin Global Reef Record. Reproduced with permission.
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Marine education mandatory
practical
www.marineeducation.com.au
“Examine the concept of connectivity in a habitat by
investigating the impact of water quality on reef
health.”
The workbook has student activities in
•
•
•
•
•
•
•
•

Making observations
Gathering of information
Research questions
Experimental design
Data collection examplar
Data collection from the 4 reefs
Data analysis
Interpretation and evaluation

Copyright Underwater Earth Catlin Global Reef Record. Reproduced with
permission.
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Other sources of data are
Other data sets can be found at
AIMS
CoralWatch
Reef 2050 Water Quality Improvement
Plan
Wet Tropics partnership
Healthy waterways
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AIMS
The Australian Institute of
Marine Science Data
Centre, , AIMS has lots of
data available.
For example, you can find
the water temperature at
Heron Island here:

http://data.aims.gov.au/aimsrtds/
datatool.xhtml?from=1980-0101&thru=2019-0411&period=MONTH&aggregation
s=AVG&channels=1843

Image copyright Australian Institute of Marine Science, Reproduced with permission.
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Water temperature data can be accessed for any of these locations.

Aims web link
http://maps.aims.gov.au/index.h
tml?intro=false&z=4&ll=142.918
83,17.51872&l0=aims_aims:AIMS%
20%20Temperature%20Loggers,ea_
World_NE2-coast-citiesreefs_Baselayer

Image copyright Australian Institute of Marine Science, Reproduced with permission.
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You can find the location of current and past COTS outbreaks here:

Aims web link
http://maps.aims.gov.au/index.ht
ml?intro=false&z=6&ll=147.72168
,17.66615&l0=aims_aims:MantaTo
wReefs,g_SATELLITE

Image copyright Australian Institute of Marine Science, Reproduced with permission.
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Information about bleaching risk
and water temperature is
available here:
http://data.aims.gov.au/aimsrtds
/coralbleaching.xhtml

Image copyright Australian Institute of Marine Science, Reproduced with permission.
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You can download the latest
survey report from the Long term
monitoring program here:
https://www.aims.gov.au/docs/research/m
onitoring/reef/latestsurveys.html#Annual%20summary%20rep
orts

This is only a section of the
summary for the Cairns
sector in 2018.

Image: Australian Institute of Marine Science. CCBY. Available: https://www.aims.gov.au/reefmonitoring/cairns-sector-2018
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AIMS e-Reefs
The AIMS eReefs Visualisation Portal lets you see current environmental conditions on the
Great Barrier Reef and what has happened in the past.
Secchi depth in
Mackay/
Whitsunday
region in February
2016

Available: https://aims.ereefs.org.au/aims-ereefs/secchi-kd488_secchi-surf_secchi#frame=Monthly;region=mackaywhitsunday;year=2016;month=2 Licence CC BY 4.0 AUS
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CoralWatch
This information can
be compared with
CoralWatch data.
Search for your reef
here:
https://coralwatch.or
g/index.php/data/

Image copyright CoralWatch , Reproduced with permission.
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GBRMPA Marine Monitoring Program
The Annual Report for inshore water
Quality monitoring can be downloaded
here:

http://elibrary.gbrmpa.gov.au/jspui/browse?type=seri
es&order=ASC&rpp=20&value=Marine+Monitoring+P
rogram+-+Inshore+Water+Quality

The graphs to the left show water quality
data for the Russell-Mulgrave sub-region
in 2016-2017.
This was from page 89 of 318.
This a very comprehensive report!

Image: © Commonwealth of Australia
(Australian Institute of Marine Science)
and James Cook University
(TropWATER) 2018 CC-BY4.0
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NRM Regions
Natural Resource Management (NRM) regions have their own reports.
Region

Regional NRM organisation

Border Rivers Maranoa–
Balonne

Queensland Murray Darling Committee

Burdekin

NQ Dry Tropics

Burnett Mary

Burnett Mary Regional Group

Cape York

Cape York Natural Resource Management

Condamine

Condamine Alliance

Desert Channels

Desert Channels Queensland

Fitzroy

Fitzroy Basin Association

Mackay Whitsunday

Reef Catchments

Northern Gulf

Northern Gulf Resource Management Group Ltd

South East Queensland

South East Queensland Catchments

Southern Gulf

Southern Gulf Catchments

South West Queensland

South West NRM Ltd

Torres Strait

Torres Strait Regional Authority

Wet Tropics

Terrain NRM
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Most of these NRM regions will have their own Health Report cards:
Data sourced from
Reef 2050 Water Quality
Improvement Plan
https://www.reefplan.qld.g
ov.au/trackingprogress/reef-report-card

Fitzroy Basin Ecosystem Health Report

Image: Screen shot from https://riverhealth.org.au/report_card/ehi/ CC BY 3.0
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Wet Tropics Waterways partnership
https://wettropicswaterways.org.au
The Partnership is an
initiative of the Reef 2050
Long-Term Sustainability
Plan.

https://www.reefplan.qld.gov.au/

Image copyright Australian and Queensland governments. See copyright statement https://www.reefplan.qld.gov.au/
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One of the aims of the Partnership's aim is to coordinate the pooling of
shared water quality monitoring data.

Image copyright Wet Tropics Healthy Waterways Partnership. Reproduced with permission.
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Example

Image copyright Wet Tropics Healthy Waterways Partnership. Reproduced with permission.

Page 791

Report card

Image copyright Wet Tropics Healthy Waterways Partnership. Reproduced with permission.
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Poster and report cards
You can download this poster showing other report cards at:
https://wettropicswaterways.org.au/wp-content/uploads/2018/12/Wet-tropics-report-card-2018-131118-WEB-view.pdf

Image copyright Wet Tropics Healthy Waterways Partnership. Reproduced with permission.

Wet Tropics Waterway grades 2016-2017
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Reef and Rivers Podcast
Another resource you might find useful is the "Reef and Rivers
Podcast", which is a series of short interviews with some people around
the wet tropics region who are involved in activities aimed at improving
waterway and reef health.
You can find the podcast here:
https:wettropicswaterways.org.au/podcast/
or on iTunes.
Note to teachers:
You can download the individual mp3's to embed in a powerpoint, or
for use on websites or other materials.
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For South East Queensland Water Quality data go to
https://reportcard.hlw.org.au/

Image copyright Healthy Land and water Terms and conditions see https://hlw.org.au/terms-conditions/
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Worksheet
098
Mandatory
practical
by
Gail Riches
www.marineeducation.com.au
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Queensland marine science syllabus guide

Unit 3 Marine systems connections and change
Topic 2: Changes on the reef

A. Anthropogenic change
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T099 Potential reef futures

Adam Richmond
Page 798

Syllabus statement
At the end of this topic you should be able to ...

Analyse
results from models to determine potential reef futures under various scenarios.
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Analyse
• dissect to ascertain and examine constituent parts and/or their
relationships;
• break down or examine in order to identify the essential elements,
features, components or structure;
• determine the logic and reasonableness of information;
• examine or consider something in order to explain and interpret it, for the
purpose of finding meaning or relationships and identifying patterns,
similarities and differences
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Objectives
Examine and interpret coral reef future predictions
Describe the future conditions that these models are
based upon.

This subject matter
statement must be
done in conjunction
with T 127.
So do this one first.
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Watch the video
https://youtu.be/hEosTtRND1s

Watch this
Youtube for
an
unsettling
overview of
this topic

Exploring the past and the future of coral reefs
YouTube video by The Tipping Points, available: https://youtu.be/hEosTtRND1s

Page 802

This video showed an experimental aquarium set up where CO2 levels and temperature are
manipulated to replicate ocean conditions in the 1850s pre-industrial period, when there
was 100ppm less CO2 in the atmosphere and the oceans were 1oC less warm.
There is lush coral
growth and is a
“happy place” with high
biodiversity

Screenshot from YouTube video by The Tipping Points available: https://youtu.be/hEosTtRND1s, t=1:52
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Another aquarium is set up under today’ s ocean conditionswith 100ppm more atmospheric CO2 and water temperature 1oC warmer.

The growth rates of
coral are reduced
and there is more
algae.

Screenshot from YouTube video by The Tipping Points available: https://youtu.be/hEosTtRND1s, t=2:19
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Another aquarium is set up under the best-case-scenario future
with double pre-atmospheric CO2 and water temperature 3oC warmer.
There is one bleached, unhealthy coral remaining.

These conditions are
similar to RCP 8.5.
More about this
later!

Screenshot from YouTube video by The Tipping Points available: https://youtu.be/hEosTtRND1s, t=4:52
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Another aquarium is set up under a business-as-usual scenario future
with 450 ppm atmospheric CO2 and water temperature another 1oC warmer.
The corals that survive are bleached.

These conditions are
similar to RCP 4.5.
More about this
later!

Screenshot from YouTube video by The Tipping Points available: https://youtu.be/hEosTtRND1s, t=3:55
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Massive and encrusting Porites
and faviid corals are more tolerant
of thermal stress1.

Porites lutea

Image: Veron J.E.N., Stafford-Smith M.G., Turak E. and DeVantier
L.M. (2016). Corals of the World. Accessed 06 Jun 2019, version
0.01.
http://www.coralsoftheworld.org/species_factsheets/species_facts
heet_summary/porites-lutea/?version=0.01

Reference1
van Woesik R, Sakai K, Ganase A, Loya Y (2011) Revisiting the winners and the losers a decade after coral
bleaching. Mar Ecol Prog Ser 434:67-76. https://doi.org/10.3354/meps09203
Available here: https://www.int-res.com/articles/meps2011/434/m434p067.pdf
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Branched and corymbose growth
forms, such as Acropora,
Pocillopora, Stylophora,
Seriatopora and branched Porites
are more susceptible to thermal
stress1.

Acropora millepora forms a corymbose
cushion
Image: Veron J.E.N., Stafford-Smith M.G., Turak E. and DeVantier L.M.
(2016). Corals of the World. Accessed 06 Jun 2019, version 0.01.
http://www.coralsoftheworld.org/species_factsheets/species_factsheet_su
mmary/acropora-millepora/?version=0.01

Reference1:
van Woesik R, Sakai K, Ganase A, Loya Y (2011) Revisiting the winners and the losers a decade after coral bleaching.
Mar Ecol Prog Ser 434:67-76. https://doi.org/10.3354/meps09203
Available here: https://www.int-res.com/articles/meps2011/434/m434p067.pdf
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You can download the UN projections of
bleaching conditions for the world's coral
reefs here:
https://wedocs.unep.org/bitstream/handle/20.500.11
822/22048/Coral_Bleaching_Futures.pdf?sequence=

This document presents
projections for reef futures
using IPCC climate models
and their main findings.

Reference: UNEP 2017. Coral Bleaching Futures - Downscaled projections of
bleaching conditions for the world’s coral reefs, implications of climate
policy and management responses. United Nations Environment
Programme, Nairobi, Kenya

Image: © United Nations Environment Programme 2017. Reproduced
with permission
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You can download the National
Climate Change Adaptation
Research Facility brief on climate
change and the Great Barrier
Reef at:

Available:
https://www.nccarf.edu.au/sites/default/files/
attached_files/GBR_PIB_WEB.pdf

National Climate Change Adaptation
Research Facility nccarf@griffith.edu.au
nccarf.edu.au
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Editors note – as a lead
into T 127
The syllabus talks about reef
futures which are linked to the
concepts of climate change which
has many acronyms that will be
used. Since the syllabus fails to
identify these as as they will be
used in future power points and
exam questions, time need to be
spent in coming up to speed.

Download this and look at the appendix

https://wedocs.unep.org/bitstream/handle/20.500.11822/22048/
Coral_Bleaching_Futures.pdf?sequenc

https://wedocs.unep.org/bitstream/handle/20.500.1
1822/22048/Coral_Bleaching_Futures.pdf?sequence
=
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As none of us have ever taught this, coupled with the fact
that this power point was completed without a classroom
trail, its about the best I can do.
The slides that follow and the details in T 127 require a
mega leap from a time allocation viewpoint and students
conceptual framework. Ie the scaffolding is not well put
together.
You are going to have to spend some time working this out.
Good luck
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Agreements (used in T 127)
UNFCCC – United Nations Framework
Convention on Climate Change: an
international environmental treaty
negotiated at the Earth Summit in Rio
de Janeiro in 1992 with the objective
“to stabilize greenhouse gas
concentrations in the atmosphere at a
level that will prevent dangerous
human interference with the climate
system.”
The convention entered into force in
1994. As of September 2016, 197
countries have ratified the Convention.

Paris Agreement – the legally binding
agreement adopted by the 21st Conference of
Parties to UNFCCC in Paris in 2015, with the
goal of keeping global warming well below 2°C,
while pursuing efforts to stay below 1.5°C. The
Agreement enters info force when at least 55
Parties accounting for at least 55 % of the total
global greenhouse gas emissions have ratified
it.
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New terms (used in T 127)
RCP – Representative Concentration
Pathway:
four greenhouse gas concentration
trajectories adopted by the
Intergovernmental Panel on Climate Change
(IPCC) for its Fifth Assessment Report in
2014. These supersede the Special Report
on Emissions Scenarios (SRES) published in
2000. Among these RCP8.5 represents a
business-as-usual scenario in that it assumes
emissions will continue to grow largely
unabated. RCP4.5 represents a successful
mitigation pathway and assumes emissions
peak around 2040 and then decline.

DHW – Degree Heating Week;
one DHW is equal to 1°C
above the maximum monthly
mean (i.e. the coral bleaching
threshold) for one week
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New terms (used in T 127)
SST - Sea Surface
Temperature; the
temperature of water at or
very close to the ocean's
surface.

MMM – Maximum Monthly Mean; the warmest
monthly mean sea surface temperature experienced
by corals, based on satellite measurements.

GCM – General Circulation Model or Global Climate
Model; numerical models representing physical
processes in the atmosphere, ocean, cryosphere and
land surface to simulate the response of the global
climate system to increasing greenhouse gas
concentrations.
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New terms (used in T 127)
ASB – Annual Severe Bleaching. This report presents the projected year
by which sea temperature stress on coral reefs is expected to be severe
enough to cause bleaching annually. At this point, reefs are certain to
change and recovery will be very limited.

MSP – Marine Spatial Planning; a
process for allocating human
activities and use in marine areas
to achieve ecological, economic,
and social objectives.

Page 816

Worksheet
099

This may be
simpler

Getting
Warmer...Why
1.5°C Matters
by
Gail Riches
www.marineeducation.com.au
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T100 Global anthropogenic
factors

Adam Richmond
Page 818

Syllabus statement
At the end of this topic you should be able to ...

Recall
the global anthropogenic factors affecting the distribution of coral (i.e.
• coral mining,
• pollution: organic and non-organic,
• fishing practices,
• dredging,
• climate change,
• ocean acidification and
• shipping)
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Recall
- remember;
- present remembered ideas, facts or experiences;
- bring something back into thought, attention or into one’s mind
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Objective
Create a graphic organizer or table to summarise the anthropogenic factors that
affect coral distribution.

Anthropogenic factor

description

How factor affects coral
distribution

Coral mining
Organic pollution
Non-organic pollution
fishing practices
dredging
climate change
ocean acidification
shipping
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Human activities that impact the
environment are described as
anthropogenic activities. Anthropogenic
change most commonly refers to impacts
relating to the environment or pollution.
Anthropogenic activity is causing
widespread environmental degradation,
habitat destruction, mass extinction and
pollution.

By Frank J. (Frank John) Aleksandrowicz, 1921-, Photographer
(NARA record: 8452210) - U.S. National Archives and Records
Administration, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=17100801
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In T071 Coral geographic distribution, you learned that the distribution of corals is
affected by dissolved oxygen, light availability, salinity, temperature, substrate,
aragonite saturation, and levels of nutrients, such as nitrates and phosphates.
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The distribution and survival of corals is
affected by the following anthropogenic
factors*:
•
•
•
•
•
•
•

coral mining,
pollution: organic and non-organic,
fishing practices,
dredging,
climate change,
ocean acidification and
shipping

These will be explained in the following slides

Copyright Bob Moffatt. May be used under Creative
Commons CC 4.0 BY-NC-SA

*Reference: Marine Science syllabus
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Coral mining

Corals are removed directly from
the reef for use in aquaria as
specimens or live rock; limestone
or construction materials;
ornaments and jewellery; and
traditional and modern medicine.
Your teacher probably has a
specimen of coral skeleton in the
classroom- this may have come
from a reef.
No copyright – example only – NEVER BUY CORAL
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Coral mining often involves blasting
the reef and removing the substrate,
which destroys the coral and can
cause erosion and sedimentation.
This coral accreted very slowly and
will take a long time to grow back.

Coral mining by hand
© Juergen Freund - www.jurgenfreund.com
http://coraldigest.org/images/9/9e/Coralmining.jpg

Learn more here:

https://coral.org/wordpress/wp-content/uploads/2014/02/coralmining.pdf
http://coraldigest.org/index.php/Coral_Mining
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Raine, Lady Elliot, Lady Musgrave North West and Holbourne Islands in the Great
Barrier Reef were once mined for guano, rock phosphate and coral.

For many years old railway tracks
used for carts to ferry guano to
ships could be found on barrier
reef islands

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA

Reference :Daley, Ben, and Peter Griggs. "Mining The Reefs And Cays: Coral, Guano And Rock Phosphate Extraction In The Great Barrier Reef, Australia, 18441940." Environment & History (09673407) 12.4 (2006): 395-433. Environment Complete. Web. 20 Feb. 2013.
http://www.environmentandsociety.org/sites/default/files/key_docs/daley-griggs-12-4.pdf
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The Queensland government had plans to mine the Great Barrier reef for fertiliser and
cement in the 1960s.
The Wildlife Preservation Society of Queensland surveyed Ellison reef and identified 190
species of fish and 88 coral species, and started a publicity campaign.

A poll in the 1970’s showed
most Queenslanders
opposed mining on the
Great Barrier Reef.
This resulted in the reef’s
protection and led to the
formation of the Great
Barrier Reef Marine Park.

The Battle for Ellison Reef

YouTube video by John Büsst, available https://youtu.be/8VsD3PhF7B4

Page 828

Coal mining
Today, the Australian Marine Conservation Society is still campaigning to prevent mining
impacting on the Great Barrier Reef.

Simon Baker asks you to Fight for our Reef

YouTube video by AustMarineConsSoc, available:https://youtu.be/4s8BoBMGi9E
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Thousands of Australians are opposed to the expansion of the fossil
fuel industry.
Visit the AMCS website and make up your own mind.

https://www.marineconservation.org.au/stop-adani-wrecking-our-reef/

Note:
You may have a different
view, and all are
acceptable in the
external exam should
you choose to do so.

Image: Takver from Australia [CC BY-SA 2.0 (https://creativecommons.org/licenses/by-sa/2.0)]

https://commons.wikimedia.org/wiki/File:Coral_not_coal_protest_at_India_Finance_Minister_
Arun_Jaitley_Visit_to_Australia_(25561759184).jpg

Page 830

We are lucky in Australia as not all countries have
100 supply of electricity.

Reference
https://energypedia.info/wiki/Portal:Countries
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It is easy to forget that there are
other families in the world who
are worse off than us.
Would a reliable source of
electricity help reverse this
situation?

By Dr. Lyle Conrad - Centers for Disease Control and
Prevention, Atlanta, Georgia, USAPublic Health Image Library
(PHIL); ID: 6901http://phil.cdc.gov/, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=425975
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And are animals and humans equal in the
consideration of climate change?

Starving Polar Bear

By Andreas Weith - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=52745369
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Pollution: organic and non organic
Coral reefs are affected by pollution from land and sea sources.
Up to 80 % of ocean pollution originates from activities on land; via runoff, wind and deliberate
introduction, eg. stormwater drains

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA

Ref:

https://en.wikipedia.org/wiki/Environmental_issues_with_coral_reefs
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Land-based run-off is one of the most
significant threats to the Great Barrier
Reef.

Original source:
2014 Reef Report Card
https://www.reefplan.qld.g
ov.au/trackingprogress/reef-report-card

Runoff carries sediment from erosion
and land-clearing, nutrients and
pesticides from
agriculture, wastewater,
industrial effluent and miscellaneous
material such as petroleum residue
and rubbish.
Image source 2019 Australian Academy of Science. Reproduced with
permission. Ref:
https://www.science.org.au/curious/earth-environment/great-barrier-reef-threats

Reference:
Land-based run-off. (2018). © Copyright 2018 GBRMPA
Retrieved from http://www.gbrmpa.gov.au/ourwork/threats-to-the-reef/declining-water-quality
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This Youtube video explains how sediment and nutrient runoff has increased and
how it impacts coastal areas.

UQx Tropics101x 5.2.1 Local Human Impacts

Youtube video by UQx Tropic101x Tropical Coastal Ecosystems available: https://youtu.be/iGxW1Jupg1g
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Many marine animals feed by
separating food particles from
water, known as filter feeding.
Sediment smothers corals and
interferes with their ability to
feed and reproduce.

A sediment smothered reef at Orpheus Island.
Copyright Viewfinder, Reproduced with permission.

Image: R Bonaldo and CHR Goatley, 2019 Australian Academy of Science. Reproduced with
permission.
Ref:
https://www.science.org.au/curious/earth-environment/great-barrier-reef-threats
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Higher concentration levels of pollutants, such as suspended sediments, nitrogen and
phosphorus cause algae to take over and reduce the chances for new hard corals to establish
and grow.

Algal bloom on
bleached coral
Reference: Land-based run-off. (2018). © Copyright 2018 GBRMPA
Retrieved from http://www.gbrmpa.gov.au/our-work/threats-to-the-reef/declining-water-quality
Image: National Marine Sanctuaries [Public domain]
https://commons.wikimedia.org/wiki/File:PMNM_-_Lisianski_Algal_Bloom_On_Bleached_Coral_(31356290765).jpg
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Nitrogen and phosphorus can cause eutrophication, creating hypoxic conditions by using all
available oxygen.
In Yr11 you learnt the
8 step eutrophication
process

By Kungfucrab - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=49234478
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Steps 1 and 2

By Kungfucrab - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=49234478
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Steps 3 and 4

By Kungfucrab - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=49234478
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Steps 5 and 6

By Kungfucrab - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=49234478
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Steps 7 and 8

By Kungfucrab - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=49234478
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Read more
You can read more at
https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC394
6114

Screen shot: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3946114
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Fungicides and pesticides
Fungicides and pesticides can interfere with coral reproduction and growth.

Coral embryos at the “prawn chip “ stage (left) and exposed to 1 µg/L of the fungicide MEMC.
Image: Andrew Negri. Australian Institute of Marine Science CCBY3
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Industrial pollutants, such as copper, can interfere with the development of coral polyps

Modern anti-fouling paints contain copper.
Image: Hein Mück [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)]
https://commons.wikimedia.org/wiki/File:Nordseewerke-Stapellauf-Frisia-Br%C3%BCssel-Helling.jpg
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Pollution can introduce pathogens, that cause coral disease, and intensify the
occurrence of existing diseases.

Black band disease

Image: Jaro Nemčok [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)]
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Fishing practices
Destructive fishing practices,
such as blast fishing. are one of
the biggest threats to coral reef
ecosystems.
Blast fishing is the main cause of
reef degradation in the IndoPacific.

Learn more here:
https://coral.org/wordpress/wpcontent/uploads/2014/02/exploi
tivefishing.pdf

Blast fishing: Insert: Fish floating immediately after
the blast
By Drajay1976 - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=28467731 and curid=28467401 (insert)
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Blast fishing
indiscriminately
kills fish, but
also kills nearby
corals.
The destruction of
the reef's structure,
decreases habitat
for the remaining
fish and other
animals important
for reef health.

An Indonesian reef reduced to rubble by dynamite fishing
Image: prilfish, via flickr available: https://flic.kr/p/2qdhYr CCBY2.0
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Cyanide fishing uses cyanide to stun and capture live fish, but also kills coral polyps and
degrades the reef habitat.

Image: James Cervino/NOAA, accessed: http://thescienceexplorer.com/nature/millions-aquarium-fish-are-caught-each-year-cyanide CCBY NC
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Fishermen sometimes get “snagged”
on the coral.
The abandoned or lost fishing gear can
continue ghost fishing as well as
entangling and abrading the coral.

These fishing nets have
caused coral damage

Image: Valderrama Ballesteros, L., Matthews, J., &
Hoeksema, B. (2018). Pollution and coral damage
caused by derelict fishing gear on coral reefs around
Koh Tao, Gulf of Thailand. Marine Pollution
Bulletin, 135, 1107-1116. doi:
10.1016/j.marpolbul.2018.08.033 CC BY-NC-ND
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Bottom trawling is a fishing
method where a net with
heavy weights is dragged
along the seafloor, capturing
everything in its path.
The nets catch many
organisms that are not the
intended target (bycatch), and
can destroy large areas of
seafloor habitats.

Watch the video
https://youtu.be/BnmGbDN278

How seafood is caught using bottom trawling
YouTube video by Seafood Watch, Available: https://youtu.be/BnmGbDN278Y

Reference:

https://wwf.panda.org/our_work/oceans/problems/destructive_fishing/
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Trawling is allowed in the Great Barrier
Reef Marine Park, but only within the
General use zones. Restrictions on the
area available for trawling, reduced fleet
and fishing effort size, and introduction of
by-catch exclusion devices reduce the
impact of trawling on the environment.

Reference:

http://www.gbrmpa.gov.au/__data/assets/p
df_file/0018/6165/gbrmpa_InfoSheetERAEas
tCoastOtterTrawlFishWeb_2010.pdf

Image: Grech, A., & Coles, R. (2011). Interactions between
a Trawl Fishery and Spatial Closures for Biodiversity
Conservation in the Great Barrier Reef World Heritage
Area, Australia. Plos ONE, 6(6), e21094. doi:
10.1371/journal.pone.0021094
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Dredging
Coastal ports of
Queensland require
deep channels that the
ships can travel
through.
In many cases, this
means that
the sediments on the
ocean floor must be
dredged up and then
disposed of
elsewhere.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Dredging
Dredging operations
sometimes require
cutting a path
through a coral reef,
directly destroying
the reef structure
and killing any
organisms that live
on it.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Dredging releases plumes of
suspended sediment, which can
settle on coral reefs, damaging
them by starving them of food
and sunlight.
Continued exposure to dredging
spoil has been shown to increase
rates of diseases, bleaching and
sediment necrosis.

Water quality analysis being conducted
on the dredge plume created by dredge
in Cleveland Bay
Image copyright: Joe Gioffre, AIMS https://eatlas.org.au/media/2667
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Climate change
Two aspects are rising sea levels
and temperatures.
Rising sea levels due to climate
change requires coral to grow to
stay close enough to the surface to
continue photosynthesis.

By NASA - https://climate.nasa.gov/vital-signs/sea-level/, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=71578292
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Rising sea surface
temperatures can
induce coral bleaching
killing many reefs.

You can read more at
https://en.wikipedia.org
/wiki/Environmental_iss
ues_with_coral_reefs
http://www.gbrmpa.gov.
au/our-work/threats-tothe-reef/climatechange/sea-temperature

By NASA - https://data.giss.nasa.gov/gistemp/graphs/, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=63276564
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Ocean acidification
Ocean acidification results
from increases in
atmospheric carbon dioxide.
• Oceans absorb around
one–third of the increase.
• The dissolved gas reacts
with the water to
form carbonic acid, and
thus acidifies the ocean.
• This decreasing pH is
another issue for coral
reefs.
https://www.aims.gov.au/research/climate-change/ocean-acidification
http://www.gbrmpa.gov.au/our-work/threats-to-the-reef/climate-change/ocean-acidification
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Ocean acidification
Ocean acidification results
from increases in
atmospheric carbon dioxide.
• Oceans absorb around
one–third of the increase.
• The dissolved gas reacts
with the water to
form carbonic acid, and
thus acidifies the ocean.
• This decreasing pH is
another issue for coral
reefs.

For example water allows calcium to combine with carbon
dioxide to form calcium carbonate.
Illustration Bob Moffatt

You can read more at:
https://en.wikipedia.org/wiki/Environmental_issues_
with_coral_reefs
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Carbonic acid formation and dissociation
Illustration Bob Moffatt
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Shells of pteropods dissolve in increasingly acidic conditions caused by
increased amounts of atmospheric CO2

By Elizajans - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=79625305
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Skeletons of corals can also
weaken, or even not be
made at all.
Bamboo coral growth decline
is an early indication of the
effect of ocean acidification.

By NOAA Office of Ocean Exploration. - NOAA Photo Library: expl0129, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=17986977

https://en.wikipedia.org/wiki/Bamboo_coral
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Brain signaling in fish
Rising carbon dioxide levels
could confuse brain signaling in
fish. In 2012, researchers
reported on their results after
studying the behaviour of
baby clown and damselfishes for
several years in water with
elevated levels of dissolved
carbon dioxide, in line with what
may exist by the end of the
century. They found that the
higher carbon dioxide disrupted
a key brain receptor in the fish,
interfering
with neurotransmitter functions.

Image Sharyn Madder Reproduced
with permission

Reference
E Nilsson, Göran & Dixson, Danielle & Domenici, Paolo & Mccormick,
Mark & Sørensen, Christina & Watson, Sue-Ann & L Munday, Philip.
(2012). Near-future CO2 levels alter fish behaviour by interfering with
neurotransmitter function. Nature Climate Change. 2.
10.1038/nclimate1352.
https://www.researchgate.net/publication/229833416_Nearfuture_CO2_levels_alter_fish_behaviour_by_interfering_with_neurotran
smitter_function doi:10.1038/nclimate1352
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Higher levels of carbon
dioxide in the water
harms the ability of
young clown and
damsel fishes to smell
and hear.

By Metatron - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=
1627207
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Modern reefs developed in waters with an aragonite saturation state of Ωa > 4.
This has already reduced and is predicted to continue to fall.
Remember
from T 079

Infographic: IGBP, IOC, SCOR (2013). Ocean
Acidification Summary for Policymakers – Third
Symposium on the Ocean in a High-CO2 World.
International Geosphere-Biosphere Programme,
Stockholm, Sweden. Accessed:
http://www.igbp.net/images/18.30566fc6142425
d6c9115f2/1386581387793/OAspm-aragonitehigh.jpg, CC BY-NC-SA 3.0.

Page 866

Estimated change in
sea water pH caused
by human created CO
2 between the 1700s
and the 1990s, from
the Global Ocean
Data Analysis Project
(GLODAP) and the
World Ocean Atlas

By Plumbago - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=6978468
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Shipping
Boats and ships require
access points into bays
and islands to load and
unload cargo and
people. For this, parts
of reefs are often
dredged to clear a path.
Negative consequences
can include altered
water circulation which
can disrupt the reef's
nutrient supply;
sometimes destroying a
great part of the reef.

Heron Island

Image: Jon Connell,via flickr, https://flic.kr/p/aizPRM CCBY2.0
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Ships occasionally run aground on a reef, causing collision damage and scarring.
Collision damage occurs when a coral reef is crushed by a vessel's hull into multiple fragments.
Scarring occurs when boat propellers tear off the live coral and expose the skeleton.

The Shen Neng 1
made a 2.2 km long
scar on Douglas Shoal.

Image: screenshot from YouTube video by Greenshack Dotinfo, available: https://youtu.be/rq2xWw9iMvo, t= 0:25
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The Future of the Reef

Further reference

Available:
https://youtu.be/EU4tzaOljpU

https://en.wikipedia.org/wiki/Environmental_issues_
with_coral_reefs

YouTube video
by Atlantic Productions,
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Worksheet
100
Footprints of
the
Anthropocene
by
Gail Riches
www.marineeducation.com.au
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T100b Atmospheric condition
datasets

Adam Richmond and Bob Moffatt
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Syllabus statement
At the end of this topic you should be able to ...

Evaluate
future scenarios for a named marine system through the analysis of different
atmospheric condition datasets
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Evaluate
• make an appraisal by weighing up or assessing strengths, implications and
limitations;
• make judgments about ideas, works, solutions or methods in relation to
selected criteria;
• examine and determine the merit, value or significance of something,
based on criteria
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Objective
Evaluate future scenarios for Annual Severe
Bleaching (ASB)
by comparing

This subject matter
statement must be
done in conjunction
with T 099.
Best to follow it.

Indonesian and Australian Reefs - the named
marine systems.
through the analysis of a Representative
concentration pathway (RCPs) of 8.5 – the
different atmospheric condition datasets

Editors note:
This is where the syllabus gets messy if you follow the order. There is so much to climate change
and so many new words, MTAQ needs to take this by the horns and rationalize the content.
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Terminology
UN Framework Convention on
Climate Change (UNFCCC)
The United Nations Framework Convention
on Climate Change (UNFCCC or FCCC) is an
international environmental treaty
negotiated at the United
Nations Conference on Environment and
Development (UNCED), informally known as
the Earth Summit, held in Rio de Janeiro
from 3 to 14 June 1992.

https://unfccc.int/process-and-meetings/the-convention/what-is-the-unitednations-framework-convention-on-climate-change
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UNFCCC – United Nations Framework Convention on Climate Change: an
international environmental treaty negotiated at the Earth Summit in Rio
de Janeiro in 1992 with the objective

“to stabilize greenhouse gas concentrations in the
atmosphere at a level that will prevent dangerous
human interference with the climate system.”
The convention entered into force in 1994. As of September 2016, 197
countries have ratified the Convention.
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The Paris agreement
The UN Framework Convention on Climate Change (UNFCCC) is aimed
at stabilizing atmospheric concentrations of greenhouse gases to avoid
“dangerous anthropogenic interference with the climate system”
(Article 2).
The 21st Conference of Parties to the Convention (COP21), held in Paris
in 2015, adopted a legally binding agreement (the ‘Paris Agreement’)
with the goal of keeping global warming well below 2°C, while pursuing
efforts to stay below 1.5°C.
•

The Agreement enters into force when at least 55 Parties
accounting for at least 55 % of the total global greenhouse gas
emissions have ratified it.

•

The agreement requires that countries prepare Nationally
Determined Contributions (NDCs) in pursuit of its goal.

•

New NDCs are expected in 2020 and then every five years
thereafter with global stock-take to review progress planned for
2023.
By Zinneke - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=277365
70

Reference:
https://wedocs.unep.org/bitstream/handle/20.500.11822/22048/Coral_Bleaching_Futures.pdf?sequence=
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The Paris Agreement

– the legally binding agreement adopted by the
21st Conference of Parties to UNFCCC in Paris in
2015, with the goal of keeping global warming well
below 2°C, while pursuing efforts to stay below
1.5°C.
The Agreement enters info force when at least 55 Parties accounting
for at least 55 % of the total global greenhouse gas emissions have
ratified it.
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If the Paris Agreement is not implemented, i.e. a
‘business as usual’ scenario, 58-61 Giga tons of carbon
dioxide equivalents per year (Gtons CO2-eq/yr) are
projected to be emitted in 20301 which is closely
approximated by emissions scenario RCP8.5.

RCPs
Representative
concentration
pathways

• Assuming pledges do become reality would result in
emission of 52-55 Gtons CO2-eq/yr in 2030, which is
below RCP8.5 and above the emissions concentrations
associated with RCP4.5.
• Pledges made under recent INDCs (as of September
2016) would have to be 150% greater on average for
emissions in 2030 to be 49 Gtons CO2-eq/yr, which is
the prescribed amount under the RCP4.5 scenario.
• In effect, RCP4.5 represents a better future for coral
reefs than would be projected using the emissions
trajectory associated with the Paris Agreement.

Reference1
http://climateactiontracker.org/global.html)

By Frank J. (Frank John) Aleksandrowicz, 1921-, Photographer
(NARA record: 8452210) - U.S. National Archives and Records
Administration, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=17100801
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The Paris Agreement is an international, legally-binding agreement on Climate Change, which
seeks to limit global warming to a maximum of 2oC (preferably 1.5oC) above pre-industrial
temperatures.
If the Paris agreement is
implemented fully, we
may achieve the RCP4.5
pathway.
If not, the RCP8.5 is likely.

Video link
https://youtu.be/I-4F5MJEeqs

The Paris Agreement for Climate Change
YouTube video by WWF-Brasil, available: https://youtu.be/I-4F5MJEeqs
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The IPCC
Intergovernmental Panel on Climate Change
The IPCC developed a greenhouse gas concentration
(not emissions) trajectory called a Representative
Concentration Pathway (RCP).

https://www.ipcc.ch/
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RCP – Representative Concentration Pathway:

four greenhouse gas concentration trajectories
adopted by the Intergovernmental Panel on Climate
Change (IPCC) for its Fifth Assessment Report in
2014. These supersede the Special Report on
Emissions Scenarios (SRES) published in 2000.
Among these RCP8.5 represents a business-as-usual scenario in that
it assumes emissions will continue to grow largely unabated. RCP4.5
represents a successful mitigation pathway and assumes emissions
peak around 2040 and then decline.
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The UN document, and many other
articles refer to this paper by Hooidonk:
Which you can download (open access)
here:
https://www.nature.com/articles/srep39666.pdf

Full reference:
van Hooidonk, R., Maynard, J., Tamelander, J., Gove, J.,
Ahmadia, G., & Raymundo, L. et al. (2016). Local-scale
projections of coral reef futures and implications of the Paris
Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666.
OPEN ACCESS available :
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5175274/
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The RCP pathways
Climate scientists have
developed Representative
Concentration Pathway (RCP)
scenarios to model four
possible climate futures.

https://skepticalscience.com/docs/RCP_Guide.pdf
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These models account for the influence
of greenhouse gases and other
pollutants on climate to year 2100.
Each pathway is named after the
“radiative forcing”- which is the extra
heat (in Watts per square meter, W/m2)
in the atmosphere caused by additional
greenhouse gases.

Radiative forcing for the different RPCs1

Image: Climate Change in Australia Technical Report, retrieved from https://www.climatechangeinaustralia.gov.au For permission see
https://www.climatechangeinaustralia.gov.au/en/term-of-use/
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By Ilinri (talk) (Uploads) - Transferred from en.wikipedia to Commons., CC0,
https://commons.wikimedia.org/w/index.php?curid=28855014
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The next two images refer to
the following paper:
You can download and read
more at:
https://rdcu.be/bFHmr
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RCP8.5 is the “business as usual” scenario: If
emissions are not reduced and CO2
continues to rapidly rise, reaching 940 ppm
by 2100.
This is where we are heading now…

RCP6.0 requires lower emissions, by
applying mitigation strategies and
technologies. CO2 rises less rapidly that
RCP 8.5, but still reaches 660ppm by 2100.

RCP CO2 concentration predictions

Image: van Vuuren, D.P., Edmonds, J., Kainuma, M. et al. Climatic Change (2011) 109: 5. https://doi.org/10.1007/s10584-011-0148-z

https://rdcu.be/bFHmr
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RCP4.5 has a slightly higher CO2 that RCP6.0,
until emissions peak around 2040, with CO2
reaching 540 ppm by 2100
RCP2.6 is the most ambitious mitigation
scenario, with emissions peaking around
2020, then rapidly declining. This would
require full* participation and technology
that will remove CO2 from the atmosphere.
*in early 2019 Angola, Eritrea, Iran, Iraq, Kyrgyzstan,
Lebanon, Libya, Oman, Russia, South Sudan, Suriname,
Turkey, and Yemen have not ratified the Paris agreementand the US intends to withdraw

RCP CO2 concentration predictions

Image: van Vuuren, D.P., Edmonds, J., Kainuma, M. et al. Climatic Change (2011) 109: 5. https://doi.org/10.1007/s10584-011-0148-z
https://rdcu.be/bFHmr
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These RCP futures will affect CO2, Sea Surface Temperature, sea level and ocean pH
The National Climate Change Adaptation Research Facility, Gold Coast has
produced the following table:

Reference: Morrison T. and Hughes T. (2016) Climate change and the Great Barrier Reef. Policy Information Brief 1, National Climate Change Adaptation Research
Facility, Gold Coast.
Available: https://www.nccarf.edu.au/sites/default/files/attached_files/GBR_PIB_WEB.pdf
This project is supported by the Australian National Data Service (ANDS) through the National Collaborative Research Infrastructure Strategy Program and the
Education Investment Fund (EIF) Super Science Initiative, as well as through Griffith University and QCIF.
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Available:
https://www.nccarf.edu.au/sites/defa
ult/files/attached_files/GBR_PIB_WE
B.pdf
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Under RCP8.5, mean coral cover is projected
to decline to 5% by 2050, with 72% of the
decline attributable to climate change.

Under RCP4.5 mean coral cover is projected to
decline to 30% by 2050, with 54% of the decline
attributable to climate change.

Image and reference: Lethal Consequences: Climate Change Impacts on the Great Barrier Reef.
Authors: Lesley Hughes, Annika Dean, Will Steffen and Martin Rice.
©Climate Council of Australia Ltd 2018, CCBY ND 2.0
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The RCP8.5 scenario is forecast to cause a 1-3oC increase in sea surface temperatures by 2100.
SST Sea surface
temperatures

Observed and
projected annual
mean SST for the
Great Barrier Reef

Image: Donner, S., Heron, S., & Skirving, W. (2009). Future Scenarios: a Review of Modelling Efforts to Predict the Future of
Coral Reefs in an Era of Climate Change. Ecological Studies, 159-173. doi: 10.1007/978-3-540-69775-6_10, with permission
(Fig 10.4)
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Annual Severe Bleaching (ASB) events
Annual severe coral bleaching (ASB) is defined as the
annual exceedance of >8 DHW accumulating during
any 3-month period (as in van Hooidonk et al. 2014;
2015).
8 DHWs is higher than the mean optimum bleaching
predictor of 6.1
DHWs for the globe (van Hooidonk and Huber 2009);
i.e. at 8 DHWs we can have confidence thermal stress
will be sufficiently great for bleaching to occur (van
Hooidonk et al. 2014).
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Degree heating months are converted into Degree Heating Weeks
(DHW) by multiplying by 4.35 (van Hooidonk et al. 2014) (i.e. one
DHW is equal to 1°C above the maximum monthly mean (bleaching
threshold) for one week). Projections were developed for twiceper-decade and annual (10x per decade) bleaching conditions.

Reefs are likely to change dramatically once
bleaching events occur at least twice per decade.
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This increased temperature will increase the likelihood of coral bleaching and mortality

Image: Hoegh-Guldberg O, Poloczanska ES, Skirving W and Dove S (2017) Coral Reef Ecosystems under Climate Change and Ocean
Acidification. Front. Mar. Sci. 4:158. doi: 10.3389/fmars.2017.00158. Open Access CCBY
Available: https://www.frontiersin.org/articles/10.3389/fmars.2017.00158/full#h15
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This is the same image, focusing just on the Western Pacific region.
1 degree heating month is the amount of stress required to trigger mass bleaching.
DHMI
degree heating
month index

Also used
DHW
Degree
Heating Week

The occurrence of bleaching events will increase under all climate futures.
Image: Hoegh-Guldberg O, Poloczanska ES, Skirving W and Dove S (2017) Coral Reef Ecosystems under Climate Change and Ocean
Acidification. Front. Mar. Sci. 4:158. doi: 10.3389/fmars.2017.00158
Open Access CCBY Available: https://www.frontiersin.org/articles/10.3389/fmars.2017.00158/full#h15
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Van Hooidonk et al has modelled the impacts of RCP 4.5 and 8.5 on the frequency of bleaching
events, and the timing of Annual Severe Bleaching (ASB) events.
This graph shows the distribution in projected
timing of (ASB) conditions on reefs world wide
under the RCP 8.5 scenario.

Note
percentages
equates to % of
reefs

ASB is projected to occur within the 21st century
for 99% of the world’s coral reefs.
The Global average time for ASB is 2043.
But not all reefs face the same future….

Image: van Hooidonk, et al. (2016). Local-scale
projections of coral reef futures and implications
of the Paris Agreement. Scientific Reports, 6(1).
doi: 10.1038/srep39666 CCBY4.0

Download the article here:
https://www.nature.com/articles/srep39666
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Some locations will experience the
ASB earlier than others.
Locations that are projected to
experience ASB a decade or more
earlier than the global average
(2043) are ”relative climate losers”.
Locations projected to experience
ASB a decade or more later are
“relative climate winners”.

Predictions for the onset of annual severe bleaching, under RCP8.5
Image: van Hooidonk, et al. (2016). Local-scale projections of coral reef futures and implications of the Paris Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666
CCBY4.0
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This Image is a close-up of the
projection for the Northern Great
Barrier Reef.
Analyse this diagram.

Predictions for the onset of annual severe bleaching, under RCP8.5
Image: van Hooidonk, et al. (2016). Local-scale projections of coral reef futures and implications of the Paris Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666
CCBY4.0
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This Image is a close-up of the
projection for the Northern Great
Barrier Reef.
This shows that under RCP 8.5
(explain), the Northern GBR will be
experiencing severe annual
bleaching before 2060.
Because this is after the global
average of 2043, we are climate
“winners”.
HOORAY!
(it doesn’t really seem like we’re
winning though, does it?)

Predictions for the onset of annual severe bleaching, under RCP8.5
Image: van Hooidonk, et al. (2016). Local-scale projections of coral reef futures and implications of the Paris
Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666 CCBY4.0
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There is a pattern from inshore to
offshore reefs.
Offshore reefs are predicted to
experience ASB 15- 25 years
earlier that inshore locations.
By reducing anthropogenic stress
(such as pollution and water
quality) in the inshore reefs, we
can (hopefully) maintain
ecosystem services in the future.
Van Hooidonk called these
locations “relative refugia”

Predictions for the onset of annual severe bleaching, under RCP8.5
Image: van Hooidonk, et al. (2016). Local-scale projections of coral reef futures and implications of the Paris Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666
CCBY4.0
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These graphs show when ASB conditions will
occur under RCP8.5 for the 10 countries with
the greatest reef area.

ASB annual
severe
bleaching

RCPs
Representative
concentration pathways

Distribution in projected timing of annual severe bleaching conditions under RCP 8.5

Note percentages equates
to % of reefs

Images: van Hooidonk, et al. (2016). Local-scale projections of coral reef
futures and implications of the Paris Agreement. Scientific Reports, 6(1).
doi: 10.1038/srep39666 CCBY4.0
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Analyse these graphs- that show when ASB conditions will occur under RCP8.5 for Australia
and Indonesia.
The grey tones refer to: dark grey–relative climate losers, projected ASB before 2034, medium grey–global average of
2043 ± 10 years (2034–2053 all inclusive), light grey–relative climate winners projected ASB after 2053).

ASB annual severe
bleaching
RCPs
Representative
concentration
pathways

Note
percentages
equates to % of
reefs

Distribution in projected timing of annual severe bleaching conditions under RCP8.5
Image: van Hooidonk, et al. (2016). Local-scale projections of coral reef futures and implications of the Paris Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666
CCBY4.0
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Analyse these graphs- that show when ASB conditions will occur under RCP8.5 for
Australia and Indonesia.

The grey tones refer to: dark grey–relative climate losers, projected ASB before 2034, medium grey–global average
of 2043 ± 10 years (2034–2053 all inclusive), light grey–relative climate winners projected ASB after 2053).

ASB annual severe
bleaching
RCPs
Representative
concentration
pathways

Note
percentag
es
equates
to % of
reefs

Image: Bob Moffatt, after van Hooidonk, et al. (2016).
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These graphs show the distribution in projected timing of annual severe bleaching
conditions under two emissions scenarios, RCP 8.5 (a) and RCP 4.5 (b).
The difference between these scenarios is shown in (c) for the 86% of reefs for which
ASB is projected this century under both RCP8.5 and RCP4.5.

ASB annual severe
bleaching
RCPs
Representative
concentration
pathways

This shows that full implementation of the Paris agreement will buy some time for some reefs
Image: van Hooidonk, et al. (2016). Local-scale projections of coral reef futures and implications of the Paris Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666
CCBY4.0
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R. van Woesik et al tracked the recovery of reefs after thermal stress and identified coral
species that are relative “winners” and “losers” in response to thermal stress.
Winners increase in relative abundance, whilst losers become less common.

Image: Bob Moffatt, after van Woesik R, et al (2011)
Reference: van Woesik R, Sakai K, Ganase A, Loya Y (2011) Revisiting
the winners and the losers a decade after coral bleaching. Mar Ecol
Prog Ser 434:67-76. https://doi.org/10.3354/meps09203
Available here:
https://www.int-res.com/articles/meps2011/434/m434p067.pdf
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Massive and encrusting Porites
and faviid corals are more tolerant
of thermal stress1.

Porites lutea

Image: Veron J.E.N., Stafford-Smith M.G., Turak E. and DeVantier
L.M. (2016). Corals of the World. Accessed 06 Jun 2019, version
0.01.
http://www.coralsoftheworld.org/species_factsheets/species_facts
heet_summary/porites-lutea/?version=0.01

Reference1
van Woesik R, Sakai K, Ganase A, Loya Y (2011) Revisiting the winners and the losers a decade after coral
bleaching. Mar Ecol Prog Ser 434:67-76. https://doi.org/10.3354/meps09203
Available here: https://www.int-res.com/articles/meps2011/434/m434p067.pdf
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Branched and corymbose growth
forms, such as Acropora,
Pocillopora, Stylophora,
Seriatopora and branched Porites
are more susceptible to thermal
stress1.

Acropora millepora forms a corymbose
cushion
Image: Veron J.E.N., Stafford-Smith M.G., Turak E. and DeVantier L.M.
(2016). Corals of the World. Accessed 06 Jun 2019, version 0.01.
http://www.coralsoftheworld.org/species_factsheets/species_factsheet_su
mmary/acropora-millepora/?version=0.01

Reference1:
van Woesik R, Sakai K, Ganase A, Loya Y (2011) Revisiting the winners and the losers a decade after coral bleaching.
Mar Ecol Prog Ser 434:67-76. https://doi.org/10.3354/meps09203
Available here: https://www.int-res.com/articles/meps2011/434/m434p067.pdf

Page 910

Worksheet
127
Future
Scenarios
by
Gail Riches
www.marineeducation.com.au

Page 911

T101 Specific reef pressures

Adam Richmond
Page 912

Syllabus statement
At the end of this topic you should be able to ...

Describe
the specific pressures affecting coral reefs (i.e. surface run-off, salinity fluctuations,
climate change, cyclic crown-of-thorns outbreaks, overfishing, spills and improper
ballast discharge)
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Describe
- give an account (written or spoken) of a situation, event, pattern or
process,
- or of the characteristics or features of something
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Objective

Describe surface run-off and how it affects coral reefs
Repeat for salinity fluctuations, climate change, cyclic COTS outbreaks,
overfishing, spills, improper ballast
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This topic follows on from the previous topic - the factors that affect coral distribution also
directly affect coral reefs.
Each pressure identified in the syllabus will be briefly described in this presentation.
A list of other factors that affect reefs will be provided at the end of the presentation.
Particular environmental pressures include
• surface runoff,
• salinity fluctuations,
• climate change,
• cyclic crown-of-thorns outbreaks,
• overfishing, and
• spills or improper ballast discharge.

Reference: https://en.wikipedia.org/wiki/Great_Barrier_Reef
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Surface runoff
Surface runoff is the flow of water
that occurs when rain, irrigation or
other source flows over the Earth’s
surface.
Runoff water can transport land
based pollutants such as sediment,
pesticides, fertilisers and debris into
streams, rivers, lakes, estuaries and
oceans- including coral reefs.

https://www.natureaustralia.org.au/what-we-do/ourinsights/perspectives/great-barrier-reefpollution/?gclid=EAIaIQobChMI1vmh37H54gIVgx0rCh06eA
u1EAAYASAAEgISZfD_BwE

Urbans surface water runoff

Image: Monterey Bay National Marine Sanctuary, California, USA.Mattisse at English
Wikipedia [Public domain]
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Increased runoff of sediment,
nutrients and contaminants has
decreased coastal water quality and
marine ecosystem health of the
Great Barrier Reef.
Sediment increases turbidity, which
reduces light availability to corals.
Increased nutrients in the water
stimulate excessive growth of algae
can outcompete corals for space.
https://www.tripadvisor.com/LocationPhotoDirectLink-g1215781-d5562484-i245770072Colona_Liveaboard_Day_Dives-Phuket_Town_Phuket.html. Gitano-SF San Francisco

Reference
https://www.natureaustralia.org.au/what-we-do/our-insights/perspectives/great-barrierreef-pollution/?gclid=EAIaIQobChMI1vmh37H54gIVgx0rCh06eAu1EAAYASAAEgISZfD_BwE
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The Burdekin, Fitzroy,
Tully and Daintree Rivers
are the biggest runoff
risk to the Great Barrier
Reef.
Pollutants from the
Burdekin River have
impacted reefs 450 km
away.1

Photographer: C.Honchin. Copyright
Commonwealth of Australia (GBRMPA)

Aerial view of flood plumes after flooding in January 2010

Reference: 1. https://www.natureaustralia.org.au/what-we-do/our-insights/perspectives/great-barrier-reef-pollution/?gclid=EAIaIQobChMI1vmh37H54gIVgx0rCh06eAu1EAAYASAAEgISZfD_BwE
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The amount of sediment and pollutants released into the Great Barrier Reef has been
reduced- but not enough to meet 2018 targets (from 2014 Reef Report Card).
Note these graphs show the reductions on Y axis, and the star is the target

Image: Australian Academy of Science. © 2019
Reproduced with permission. Ref: https://www.science.org.au/curious/earth-environment/great-barrier-reef-threats
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River runoff from grazing and agricultural lands deliver excess nutrients to the Great Barrier Reef.
These graphs show the total loads of nutrients, with the anthropogenic portion shaded in the
darker colour. Note that the anthropogenic contribution of herbicides is 100 per cent.

Image copyright 2019 Australian Academy of Science. Reproduced with permission.
Ref: https://www.science.org.au/curious/earth-environment/great-barrier-reef-threats
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Download this infographic here:

https://oceanservice.noaa.gov/facts/coral-pollution.html
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Salinity fluctuations
Salinity is a water quality
variable that directly
affects reef health.
Heavy rainfall and
freshwater runoff cause
variations in salinity,
particularly in inshore
reefs.

A flood plume from the Fitzroy river, January 2011

Image: Jones, A., & Berkelmans, R. (2014). Flood Impacts in Keppel Bay, Southern Great Barrier Reef in the
Aftermath of Cyclonic Rainfall. Plos ONE, 9(1), e84739. doi: 10.1371/journal.pone.0084739
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Extreme salinity fluctuations can be caused by severe freshwater flooding, which is relatively
common during wet seasons. The frequency and severity of cyclones is predicted to increase with
climate change.
• This graph shows freshwater discharge from the the Fitzroy river causing a low salinity event in
Keppel Bay, in January 2011.

Image: Jones, A., & Berkelmans, R. (2014). Flood Impacts in Keppel Bay, Southern Great Barrier Reef in the Aftermath of Cyclonic
Rainfall. Plos ONE, 9(1), e84739. doi: 10.1371/journal.pone.0084739
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This graph shows the change in % live coral cover before (white) and after (brown) the low
salinity event in Keppel Bay

Image: Jones, A., & Berkelmans, R. (2014). Flood Impacts in Keppel Bay, Southern Great Barrier Reef in the Aftermath of Cyclonic Rainfall. Plos ONE, 9(1),
e84739. doi: 10.1371/journal.pone.0084739
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In a study at the National Sea Simulator, Aguilar et al subjected corals to a
salinity stress test to see how they responded to differing salinity
concentrations.
Read the experimental methodology here: https://doi.org/10.1186/s12864019-5527-2

Why was this
experiment
performed in
the Sea Sim,
rather than
on the reef?

https://www.aims.gov.au/seasim

Reference:
Aguilar, C., Raina, J., Fôret, S., Hayward, D., Lapeyre,
B., Bourne, D., & Miller, D. (2019). Transcriptomic
analysis reveals protein homeostasis breakdown in the
coral Acropora millepora during hypo-saline
stress. BMC Genomics, 20(1). doi: 10.1186/s12864019-5527-2
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Salinity fluctuations cause a
chemical stress response,
similar to heat stress,
resulting in “freshwater
bleaching”.
Corals exposed to reduced
salinity experience a
complete collapse of their
internal cellular protein
balance- which can lead to
coral death.

Acropora millepora is particularly sensitive to salinity change.
Image: Paul Asman and Jill Lenoble, Flickr: https://flic.kr/p/QJEcWi CCBY2.0

Reference: Aguilar, C., Raina, J., Fôret, S., Hayward, D., Lapeyre, B., Bourne, D., & Miller, D. (2019). Transcriptomic analysis reveals protein homeostasis breakdown in the
coral Acropora millepora during hypo-saline stress. BMC Genomics, 20(1). doi: 10.1186/s12864-019-5527-2
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Climate change
Climate change is the greatest threat to the Great
Barrier Reef and coral reefs worldwide.

Corals at Lady Elliot Island
largely escaped the 2016 and
2017 bleaching events

The Great Barrier Reef is already experiencing the
consequences of climate change — most notably,
two consecutive years of coral bleaching in 2016 and
2017.
Coral bleaching, and a severe tropical cyclone that
occurred in 2017, impacted 80 per cent of the Reef
over the last two years. The effects are likely to have
far-reaching consequences for the ecosystem and its
marine life, as well as its outstanding universal value
as a world heritage area.
Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BYNC-SA
Text from:
http://www.gbrmpa.gov.au/our-work/threats-to-the-reef/climate-change
© Copyright Commonwealth of Australia 1996 - 2007.– BOB, please check that this is okay
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This YouTube video summarises the effects of climate change on the Great Barrier Reef.
https://youtu.be/iCiaiv3dsO4
This video also
introduces coral
cores- learn
more about
these in T102
and T108

Climate Change

YouTube video by Australian Institute of Marine Science
available: https://youtu.be/iCiaiv3dsO4
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Download this infographic here:
https://oceanservice.noaa.gov/facts/coralreef-climate.html
Page 930

Image: NOAA
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To learn more about Climate
change, refer to this book:
Coral reefs and Climate Change

You can order here:

https://coralwatch.org/index.php/product/coral-reefsand-climate-change-the-guide-for-education-andawareness/
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Cyclic crown-of-thorns outbreaks
In the past 40 years, three
waves of crown-of-thorns
starfish outbreaks have had
a major impact on the
Great Barrier Reef.

Feeding Crown of thorns starfish

Image: JSLUCAS75 [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)]

Reference: © 1996-2019 Australian Institute of Marine Science https://www.aims.gov.au/docs/research/biodiversity-ecology/threats/cots.html
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Crown-of-thorns starfish (COTS) are marine invertebrates that feed on coral.
They occur naturally on reefs throughout the Indo-Pacific region, and when conditions
are right, they can reach plague proportions and devastate hard coral communities.

COTS are a major cause of coral loss on the Great Barrier Reef

Image: De'ath, G., Fabricius, K. E., Sweatman, H. & Puotinen, M. (2012). The 27-year decline of coral cover on the Great Barrier Reef and its causes.
Proceedings of the National Academy of Sciences of USA, 109 (44), 17995-17999.

Reference: © 1996-2019 Australian Institute of Marine Science https://www.aims.gov.au/docs/research/biodiversity-ecology/threats/cots.html
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Although large outbreaks of these starfish are believed to occur in natural cycles, human
activity in and around the Great Barrier Reef can worsen the effects.

Watch the video
https://youtu.be/RBkv_SSvm5U

A close-up of COTS

YouTube video by Australian Institute of Marine Science, available: https://youtu.be/RBkv_SSvm5U
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Fertiliser runoff from farming
increases the amount of
phytoplankton available for
the COTS larvae to consume,
resulting in COTS outbreaks.
This graph, from Fabricius et
al 2010, shows the effect of
increased chlorophyll (food)
concentration on COTS larvae
survival, under experimental
laboratory conditions.

Image and reference: Fabricius, K., Okaji, K., & De’ath, G.
(2010). Three lines of evidence to link outbreaks of the
crown-of-thorns seastar Acanthaster planci to the release
of larval food limitation. Coral Reefs, 29(3), 593-605. doi:
10.1007/s00338-010-0628-z
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Overfishing of its natural predators, such as the Triton shell, is also considered to
contribute to COTS outbreaks.
Charonia tritonis
Triton shell

By MerlinCharon - Own work, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=12806445
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There have been four large outbreaks of COTS on the reef since observation began,
starting in 1962; 1979 ; 1993, and 2009.

This graph shows the average COTS density, across the whole reef, since 1986.
Image: © 2019 Australian Institute of Marine Science; http://data.aims.gov.au/waCOTSPage/cotspage.jsp
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There is currently a severe COTS
outbreak at the Swains group,
150 km offshore from the
Gladstone–Rockhampton area.

Location of Swains
https://en.wikipedia.org/wiki/Swain_Reefs_National_Park

Learn more here:
https://www.barrierreef.org/the-reef/the-facts/creature-features/crown-of-thorns-starfish-aroyal-pain-in-the-reef
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Overfishing
The
unsustainable overfishing of k
eystone species, such as
the Giant Triton and sharks,
can cause disruption to food
chains vital to life on the reef.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Fishing also impacts the reef
through increased pollution from
boats, by-catch of unwanted
species (such as dolphins and
turtles) and reef habitat
destruction from trawling, anchors
and nets.

Qld Fisheries copyright reproduced with permission
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Overfishing of
herbivore populations
can cause algal growths
on reefs.
The Batfish Platax
pinnatus has been
observed to
significantly reduce
algal growths in studies
simulating overfishing.

By © Citron, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=20993678
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Download this infographic here:
https://oceanservice.noaa.gov/facts/coral-overfishing.html
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Spills or improper ballast discharge
Shipping accidents are a threat to the reef, as several commercial shipping routes
pass through the Great Barrier Reef. The GBRMPA estimates that about 6000
vessels greater than 50 metres in length use the Great Barrier Reef as a route.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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From 1985 to 2001, 11 collisions and
20 groundings occurred along the
Great Barrier Reef shipping route,
with human error identified as the
leading cause of shipping accidents.
Two hundred and eighty two
confirmed vessel spills were recorded
in the Great Barrier Reef World
Heritage Area between 1987 and
2002. 2
As of 2007, over 1,600 known
shipwrecks have occurred in the
Great Barrier Reef region.
Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA

Ref 2
https://web.archive.org/web/20061016155955/http://www.gbrmpa.gov.au/corp_site/key_issues/water_quality/principal_influences.html
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In April 2010, the bulk coal
carrier Shen Neng 1 ran aground
on the Great Barrier Reef.
The spill caused damage to a
400,000sqm section of the Great
Barrier Reef and the use of oil
dispersant resulted in oil
spreading to reef islands 25 km
away.
Oil tarballs washed up on the
beaches of North West Island, a
significant bird rookery and turtle
nesting colony.

By Brocken Inaglory - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=3059899
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In 2009 the cargo ship,
the Pacific Adventurer,
leaked more than
270 tonnes of fuel oil
which polluted the
beaches of Moreton
Island, Bribie Island and
the Sunshine Coast.

https://www.amsa.gov.au/marine-environment/incidents-and-exercises/pacific-adventurer-11-march-2009

Read more at
https://www.aph.gov.au/About_Parliament/Parliamentary_Departments/Parliamentary_Library/pubs/BriefingBook43p/marineoilpollution. Creative Commons AttributionNonCommercial-NoDerivs 3.0 Australia
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Oil spills affect marine life through the direct toxicity of oil,
by the smothering effects of the oil on plants and animals,
and by coating beaches and rocky shore habitats.
• The toxicity and physical properties of oil change over
time.
• Chemicals used to disperse oil and increase the rate of
breakdown can themselves be toxic to marine life.
• There are long-term impacts of oil spills and they need to
be assessed.

Copyright AMSA, Reproduced with permission
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Oil spills resulting from deliberate or accidental
release of oils from ships or following a
collision or grounding is one of the biggest
threats to the Reef.
The oil may eventually settle out of the water
column onto the sediment or could be washed
up onto beaches, reefs, mangroves and
seagrass beds.
A large range of vessels use the Great Barrier
Reef Marine Park in the course of their daily
activities from commercial fisheries, tourism
vessels to large ocean going trading vessels.
• These vessels handle a range of fuels and
generate a number of waste materials.

Copyright AMSA, Reproduced with permission

References

https://web.archive.org/web/20061016155955/

http://www.gbrmpa.gov.au/corp_site/key_issues/water_quality/principal_influences.html
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Waste and foreign species discharged from ships in ballast water (when purging
procedures are not followed) are a biological hazard to the Great Barrier Reef.[87]

Ballast water
Copyright Simone Baker. May be used under Creative Commons CC 4.0 BY-NC-SA
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There are many types of ship-sourced pollution that
can impact on the Great Barrier Reef. The discharge
of these wastes within the Marine Park is subject to
strict regulations:
• sewage
• grey water
• oil
• bilge
• garbage
• marine debris, and
• air emissions.

http://www.gbrmpa.gov.au/our-work/Managing-multiple-uses/shipping
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Ballast water is used to stabilise ships during cargo loading and unloading. The introduction of
exotic marine species via ballast water is an environmental concern as it can threaten local
biodiversity, fisheries and aquaculture.

Naam: Derdejaars studenten Kust en Zeemanagement Organisatie: Van Hall
Larenstein [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)]

Reference:
http://www.gbrmpa.gov.au/our-work/Managing-multiple-uses/shipping
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More than 250 exotic marine pests have been introduced into Australian
waters via ballast water discharges and ship hull fouling, including mussels,
sea-stars, and different types of crabs.
Fifteen introduced species have been recorded at Queensland Ports.
Most overseas bulk carriers arriving in Queensland ports are from temperate
waters- and are considered less of a risk as the introduced organisms would
not be able to survive and reproduce.
Ships originating from warmer waters present a greater risk of introducing
marine pest species to the reef.

Copyright Mike Sudgen. Reproduced
with permission.

Copyright Mike Sudgen. Reproduced with permission.
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The Great Barrier Reef Foundation identifies the major threats affecting coral reefs as
climate change, poor water quality, coastal development and fishing

© 2019 Great Barrier Reef Foundation. Reproduced with permission.
https://www.barrierreef.org

Follow these link to learn more about these pressures:
https://www.barrierreef.org/the-reef/the-threats
http://www.gbrmpa.gov.au/our-work/threats-to-the-reef
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The World Wide Fund for Nature (WWF) lists climate change, overfishing, unsustainable coastal
development, pollution , sedimentation, destructive fishing practices, careless tourism and
coral mining as the major threats to coral reefs.

Learn more here:
http://wwf.panda.org/our_work/
oceans/coasts/coral_reefs/

Image © Jürgen Freund / WWF --CC BY-NC 4.0
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Links to more information about threats to the reef:

https://en.wikipedia.org/wiki/Environmental_threats_to_the_Great_Barrier_Reef
http://www.gbrmpa.gov.au/our-work/threats-to-the-reef
https://www.greenpeace.org.au/what-we-do/preserving-great-barrier-reef/reef-at-risk/
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T102 Holocene coral cores

Adam Richmond
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Syllabus statement
At the end of this topic you should be able to ...

Recognise
that during the Holocene no evidence of coral bleaching or ocean acidification can be
found within coral cores dating back 6000 years
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Recognise * (e.g. features)
• identify or recall particular features of information from knowledge;
• identify that an item, characteristic or quality exists;
• perceive as existing or true; be aware of or acknowledge
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Definitions
What is the Holocene?
The Holocene is the current geological time period, which began after the last ice age,
approximately 11 000 years ago.
Sea levels have risen over 100 metres in this time, but have been relatively stable for the
past 6500 years. The Great Barrier Reef- as we know it today-
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Coral bleaching is a coral’s response to stressful conditions.
• During bleaching, the coral animal loses its symbiotic algae and pigments, causing it to turn
white and potentially die.
• Bleaching is strongly associated with heat stress, although changes in salinity, light and
periods of cool water can also cause corals to bleach.

Image and text from: https://www.aims.gov.au/coral-bleaching, © 1996-2019 Australian Institute of Marine Science CCBY
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As sea surface temperatures warm due to global climate change, coral
bleaching is now occurring across large areas of tropical reefs and more
frequently.
Episodes of wide-scale bleaching are recent, being first recorded in the
1980s.

There is no prior evidence of these
large-scale events in the 400-year coral
core history on the Great Barrier Reef.

Reference: text from:
https://www.aims.gov.au/coral-bleaching, © 1996-2019 Australian Institute of Marine Science CCBY
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What is a coral
core?
A coral core is a sample of coral
skeleton removed from a living
or dead coral colony.
Specialised equipment is used to
remove ~50-70mm diameter
cores from old coral colonies,
which can be several metres in
size.

Image: https://www.aims.gov.au/docs/research/climate-change/climate-history/climate-history.html
© 1996-2019 Australian Institute of Marine Science CCBY
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The skeletons of certain massive corals (such as Porites) contain annual density bands,
similar to tree rings, which are visible when coral slices are X-rayed.

X-ray negative of coral cores showing annual density bands

Image and Reference:
https://www.aims.gov.au/docs/research/climate-change/climate-history/climate-history.html © 1996-2019 Australian Institute of Marine Science CCBY
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Coral growth bands, seen here under Ultraviolet light, reflect annual growth- and are directly
related to the flood and rainfall events on the Great Barrier reef.

Image: screenshot from YouTube video by Australian Institute of Marine Science, available: https://youtu.be/CqhI_imLWa0 t=2:42
Reference: https://www.aims.gov.au/docs/research/climate-change/climate-history/climate-history.html © 1996-2019 Australian Institute of Marine Science CCBY
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This YouTube video shows how the coral cores are collected and analysed.
https://youtu.be/CqhI_imLWa0

Coral cores - windows into past climate

YouTube video by Australian Institute of Marine Science, available: https://youtu.be/CqhI_imLWa0
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This coral core from Myrmidon Reef is from an offshore site- so shows minimal flood
exposure and regular density banding.
Corals deposit high density bands in summer and low density bands in winter.

Download the Open Access article about this coral core analysis here:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0088720

Image and Reference: Cantin, N., & Lough, J. (2014). Surviving Coral Bleaching Events: Porites Growth Anomalies on the
Great Barrier Reef. Plos ONE, 9(2), e88720. doi: 10.1371/journal.pone.0088720
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Coral bleaching can create a “growth hiatus”- as shown by the dark line (in 1998), caused by a
high density band, followed by reduced annual extension.
The luminescent lines correspond with freshwater exposure- eg 1991 was a bigger flood event.

Coral core from Pandora Reef
Image and Reference: Cantin, N., & Lough, J. (2014). Surviving Coral Bleaching Events: Porites Growth
Anomalies on the Great Barrier Reef. Plos ONE, 9(2), e88720. doi: 10.1371/journal.pone.0088720
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This coral core from Rib Reef shows growth hiatuses in 1998 and 2002.
The fluorescent band shows a flood event in 1991.

Download the Open Access article about this coral core analysis here:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0088720

Image and Reference: Cantin, N., & Lough, J. (2014). Surviving Coral Bleaching Events: Porites Growth Anomalies on the Great Barrier
Reef. Plos ONE, 9(2), e88720. doi: 10.1371/journal.pone.0088720
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Coral cores act as natural historical archives: containing records of coral growth rates,
climate and environmental variability over several centuries, pre-dating both observational
records of reef environments and human interference in regional and global environments.

A timeline of floods, drought and rainfall events can be recreated by
examining coral cores.
Image: Screenshot from YouTube video Climate Change, by Australian Institute of Marine Science https://youtu.be/iCiaiv3dsO4 t=1:27

Reference: https://www.aims.gov.au/docs/research/climate-change/climate-history/climate-history.html © 1996-2019 Australian
Institute of Marine Science CCBY
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Kamenos and
Hennige, 2018,
used coral banding
to reconstruct sea
surface
temperatures and a
history of coral
bleaching on the
Great Barrier Reef
dating back to 1620.

Image and reference: Kamenos, N., &
Hennige, S. (2018). Reconstructing Four
Centuries of Temperature-Induced Coral
Bleaching on the Great Barrier
Reef. Frontiers In Marine Science, 5. doi:
10.3389/fmars.2018.00283, available:
https://www.frontiersin.org/articles/10.3
389/fmars.2018.00283/full CC BY 4.0
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Kamenos and Hennige concluded that
bleaching was more frequent (Fig B) in
the 1750s, and more prevalent (Fig C)
pre- 1700.

BUT…
There are concerns over the datasets
and assumptions used to draw these
conclusions, so their findings are
considered questionable and
misleading.
Read the full commentary here:
https://www.frontiersin.org/articles/10.3389/fmars.2019.00086/full

Image : Kamenos, N., & Hennige, S. (2018). Reconstructing Four
Centuries of Temperature-Induced Coral Bleaching on the Great Barrier
Reef. Frontiers In Marine Science, 5. doi: 10.3389/fmars.2018.00283,
available:
https://www.frontiersin.org/articles/10.3389/fmars.2018.00283/full CC
BY 4.0
Reference: Hoegh-Guldberg, O., Skirving, W., Lough, J., Liu, C., Mann,
M., & Donner, S. et al. (2019). Commentary: Reconstructing Four
Centuries of Temperature-Induced Coral Bleaching on the Great Barrier
Reef. Frontiers In Marine Science, 6. doi: 10.3389/fmars.2019.00086
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Coral cores have provided evidence of historical change on the Great Barrier Reef.
This figure shows the variation of calcification (g/cm2/yr), linear extension (cm/yr), and density
(g/cm3) in Porites between 1900 and 2005. This was based on the analysis of coral cores from 328
colonies from 69 reefs from across the Great Barrier Reef.

The decline in calcification has been recent (since 1960), large scale (across inshore and
offshore reefs) and unprecedented in the past 400 years.
Reference and Image: from De'ath, G., Lough, J., & Fabricius, K. (2009). Declining Coral Calcification on the Great Barrier
Reef. Science, 323(5910), 116-119. doi: 10.1126/science.1165283 Reprinted with permission from AAAS.
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Longer term data (from 1572-2001) from long coral cores show that calcification increased from
∼1.62 g/cm2/yr before 1700 to ∼1.76 g/cm2/yr in ∼1850, after which it remained relatively
constant before a decline from 1960.
However, this finding should be treated with caution because of the small sample size- only 7 reefs
and 10 colonies. The blue band show the 95% confidence intervals.

Image: from De'ath, G., Lough, J., & Fabricius, K. (2009). Declining Coral Calcification on the Great Barrier Reef. Science, 323(5910), 116-119. doi:
10.1126/science.1165283 Reprinted with permission from AAAS.
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Ocean acidification effects coral cores
Ocean acidification reduces the concentration of carbonate ions that corals need to
construct their skeletons.
Ocean acidification directly and
negatively effects the lateral
thickening, or densification,
process.
Interestingly, the lateral
extension is not directly
affected by ocean acidification.
Learn more about the effects of
OA on coral core density here:
https://www.pnas.org/content/
115/8/1754

Skeletal growth model of Porites skeleton

Image and Reference: Mollica, N., Guo, W., Cohen, A., Huang, K., Foster, G., Donald, H., & Solow, A. (2018). Ocean acidification affects
coral growth by reducing skeletal density. Proceedings Of The National Academy Of Sciences, 115(8), 1754-1759. doi:
10.1073/pnas.1712806115. CCBY
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Fossil coral cores provide evidence of changes on the reefs off Queensland’s coasts over
the last 30 000 years.
The coral reefs have survived five
“death events” from sea level
change and flooding by migrating
seawards and landwards with
changing sea levels.
The most recent death event was
approximately 10000 years ago,
and made way for the Holocene
reef- which gave rise to the
modern Great Barrier Reef.
The IODP Great Barrier Reef Expedition
YouTube video by marumTV, available: https://youtu.be/g0leVyl5rvo
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Temperature records can be recreated based on chemical analyses of modern and fossil
coral records.
These images shows how changes in sea surface temperature correspond to coral
banding. (note: in this case the variations are cooling- in the Indian Ocean)

Coral core data from the Indian Ocean

Image: NASA. Available: https://earthobservatory.nasa.gov/features/CoralDeath
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Summary
Coral cores can provide evidence about environmental conditions in the recent (up to
several hundred years) past.
Fossilised coral cores can provide evidence of environmental conditions pre-dating the
last ice age- up to 30 000 years ago.
Coral skeletal growth (calcification, extension rates and density) record changes in water
temperature and pH, stress events such as bleaching, and instances of freshwater
flooding.
Mass bleaching events and large scale ocean acidification are only documented and
recorded within the geological record on modern coral reefs.
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Worksheet
102
Sclerochronometer
Secrets
by
Gail Riches
www.marineeducation.com.au
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T103 Shelford’s law and coral
bleaching

Adam Richmond
Page 981

Syllabus statement
At the end of this topic you should be able to ...

Explain
the concept of coral bleaching in terms of Shelford’s law of tolerance
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Explain
• Make an idea or situation plain or clear by describing it in more detail or
revealing relevant facts;
• Give an account; provide additional information
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Objectives
• Recall Shelford’s law from Unit 2
• Explain the basic concept of coral bleaching**
• Apply Shelfords law of tolerance to the concept of coral bleaching

** links to further study on coral bleaching are included. However, a detailed discussion of
the causes and impacts of bleaching (although very relevant and interesting is beyond the
scope of this topic)
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Recall Shelford’s Law of tolerance from T053, in unit 2:

From: http-//ib.bioninja.com.au/options/option-c-ecology-and-conser/c1-species-and-communities/survival-factors.html.jpg
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Marine scientists have taken the graph further to include the bell-shaped curve with
3 distinct regions.
Optimal zone – Central portion
of curve which has conditions
that favour maximal
reproductive success and
survivability.
Zones of stress – Regions
flanking the optimal zone, where
organisms can survive but with
reduced reproductive success.
Zones of intolerance –
Outermost regions in which
organisms cannot survive
(represents extremes of the
limiting factor).
Shelford’s law with three zones of tolerance

From: http-//ib.bioninja.com.au/options/option-c-ecology-and-conser/c1-species-and-communities/survival-factors.html.jpg

Page 986

Shelford’s law of tolerance helps explain the limiting factors affecting coral distribution

Each of these factors:
temperature, salinity,
latitude and turbidity
affect coral survival and
distribution

Shelford’s law applied to corals

Illustration Bob Moffatt and
http-//ib.bioninja.com.au/options/option-c-ecology-and-conser/c1-species-and-communities/survival-factors.html.jpg
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Most reef-building coral species have an optimal range for temperatures between 23-29oC.

23oC

29oC

Illustration Bob Moffatt and
http-//ib.bioninja.com.au/options/option-c-ecology-and-conser/c1-species-and-communities/survival-factors.html.jpg
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Corals can tolerate water temperatures as low as 18oC.
Some corals can tolerate temperatures up to 40oC for short periods of time.

18oC

23oC

29oC

40oC

So the tolerance range for
corals could be considered
to be between 18-30oC.

Illustration Bob Moffatt and
http-//ib.bioninja.com.au/options/option-c-ecology-and-conser/c1-species-and-communities/survival-factors.html.jpg
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Corals cannot tolerate water temperatures below 18oC or above 40oC.
Corals cannot survive in this zone of intolerance.

18oC

23oC

29oC

40oC

Illustration Bob Moffatt and
http-//ib.bioninja.com.au/options/option-c-ecology-and-conser/c1-species-and-communities/survival-factors.html.jpg
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Reef-building coral species have an optimal range for temperatures between 23-29oC.
The precise temperature range varies between different species and different locations.

Temperatures outside of this optimal
range cause physiological stress.
Stress caused by temperature is
referred to as thermal stress in the
scientific literature.

Coral bleaching

Photo Craig Reid, reproduced with permission
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This table shows how bleaching temperature thresholds vary with location:
Thermal thresholds were calculated by comparing weekly sea temperature
records with reported bleaching events.
Locality

Position

Jamaica

17.5°N,76.5°W

Phuket

7.5°N,98.5°E

Thermal threshold
(°C)
29.2
30.2

Tahiti

17.5°S,149.5°W

29.2

Rarotonga

21.5°S,159.5°W

28.3

Southern GBR

23.5°S,149.5°E

28.3

Central GBR

18°S,147.5°E

29.2

Northern GBR

11°S,143°E

30.0

Reference: Hoegh-Guldberg, O. (1999). Climate change, coral bleaching and the future of the world's coral
reefs. Marine And Freshwater Research, 50(8), 839. doi: 10.1071/mf99078

Can you determine the
relationship between
latitude and thermal
threshold?
Is it the same for the GBR
and other localities?
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This table shows how bleaching susceptibility varies between growth forms and families:

Porites and Acropora are two well
known coral genera.
Which one is more resistant to
bleaching?
Is there a trend between growth
form and bleaching resistance?

Reference: Marshall, P., Schuttenberg, H., & West, J. (2006). A Reef manager's guide to coral bleaching.
Townsville (Australia): Great Barrier Reef Marine Park Authority.
https://www.coris.noaa.gov/activities/reef_managers_guide/reef_managers_guide.pdf © 2006 Great
Barrier Reef Marine Park Authority
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An introduction to
coral bleaching
Thermal stress causes a breakdown of
the symbiotic relationship between reefbuilding corals and the symbiotic algae.
This breakdown of symbiosis results in
the expulsion of zooxanthellae from,
and consequent lightening in colour of
coral tissues:

Reference: van Oppen M.J.H., Lough J.M. (2018) Synthesis: Coral
Bleaching: Patterns, Processes, Causes and Consequences. In: van
Oppen M., Lough J. (eds) Coral Bleaching. Ecological Studies (Analysis
and Synthesis), vol 233. Springer, Cham. Available:
https://doi.org/10.1007/978-3-319-75393-5_14

The coral bleaching process

Image: Great Barrier Reef Marine Park Authority (GBRMPA)
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Corals that lose their
zooxanthellae appear
'bleached’.
Bleached corals are
still alive- and can
recover if stressful
conditions subside
soon enough.
If the temperature
stress is too much- too
hot, or for too longcorals die.

Marshall, P., Schuttenberg, H., & West, J.
(2006). A Reef manager's guide to coral
bleaching. Townsville (Australia): Great Barrier
Reef Marine Park Authority.
https://www.coris.noaa.gov/activities/reef_m
anagers_guide/reef_managers_guide.pdf
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NOAA Coral Bleaching Infographic

Image: NOAA, available: https://oceanservice.noaa.gov/facts/coral_bleach.html
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This YouTube video provides a short overview of coral bleaching.
https://youtu.be/aEdoizgeNJk

Coral bleaching

YouTube video by GBRclimatechange available: https://youtu.be/aEdoizgeNJk
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This YouTube video, from Catalyst provides an excellent overview of coral bleaching- and a
review of content already covered in this unit.
https://youtu.be/5cr8S5tTiz4

What is coral bleaching?

YouTube video by #ABCcatalyst, available: https://youtu.be/5cr8S5tTiz4
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Corals that survive bleaching still have reduced growth, calcification and repair capabilities.
Bleached corals are less able to compete with algae, have reduced rates of reproduction and
have increased susceptibility to disease.

Image: with permission Prof. Justin Marshall, CoralWatch
Reference: Hoegh-Guldberg, O. (1999). Climate change, coral bleaching and the future of
the world's coral reefs. Marine And Freshwater Research, 50(8), 839. doi: 10.1071/mf99078
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Further information on coral bleaching:
Articles
Hoegh-Guldberg, O. (1999). Climate change, coral bleaching and the future of the world's
coral reefs. Marine And Freshwater Research, 50(8), 839. doi: 10.1071/mf99078:
http://www.publish.csiro.au/mf/pdf/MF99078
Marshall, P., Schuttenberg, H., & West, J. (2006). A Reef manager's guide to coral bleaching.
Townsville (Australia): Great Barrier Reef Marine Park Authority.
https://www.coris.noaa.gov/activities/reef_managers_guide/reef_managers_guide.pdf
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Further information on coral bleaching:
Websites
AIMS: https://www.aims.gov.au/coral-bleaching
CoralWatch: https://coralwatch.org/index.php/about/coral-bleaching/
GBRMPA: http://www.gbrmpa.gov.au/news-room/latest-news/latest-news/coral-bleaching
NOAA: https://oceanservice.noaa.gov/facts/coral_bleach.html
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Further information on coral bleaching:

Ask your teacher to lend you a copy of this
book:
https://coralwatch.org/index.php/product
/coral-reefs-and-climate-change-theguide-for-education-and-awareness/
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The effect of heat stress and bleaching
This graph shows the general relationship between the size of the heat stress (vertical axis), how
long it lasts (horizontal axis) and the onset of bleaching.

Marshall, P., Schuttenberg, H., & West, J. (2006). A Reef manager's guide to coral bleaching. Townsville (Australia): Great Barrier Reef Marine
Park Authority.
https://www.coris.noaa.gov/activities/reef_managers_guide/reef_managers_guide.pdf
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The temperature anomaly is how much the sea surface temperature (SST) differs from usual.
Positive values indicate that the SST is hotter than the average maximum temperature.

Marshall, P., Schuttenberg, H., & West, J. (2006). A Reef manager's guide to coral bleaching. Townsville (Australia): Great Barrier Reef Marine Park
Authority.
https://www.coris.noaa.gov/activities/reef_managers_guide/reef_managers_guide.pdf
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If it is 4oC hotter than average, coral will bleach within 1 week
If it is 2oC hotter than average, coral will bleach within 2 weeks
If it is 1oC hotter than average, coral will bleach within 4 weeks

Marshall, P., Schuttenberg, H., & West, J. (2006). A Reef manager's guide to coral bleaching. Townsville (Australia): Great
Barrier Reef Marine Park Authority.
https://www.coris.noaa.gov/activities/reef_managers_guide/reef_managers_guide.pdf
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Degree heating weeks
If it is 4oC hotter than average, coral will bleach within 1 week
If it is 2oC hotter than average, coral will bleach within 2 weeks
If it is 1oC hotter than average, coral will bleach within 4 weeks

4oC x 1 week = 4 DHW
2oC x 2 weeks = 4 DHW
1oC x 4 weeks = 4 DHW

One Degree heating week
(DHW) is equal to 1oC
above the average
maximum monthly
temperature for one
week.

Note: some studies use degree heating months, (DHM).
Marshall, P., Schuttenberg, H., & West, J. (2006). A Reef manager's guide to coral bleaching. Townsville (Australia): Great
Barrier Reef Marine Park Authority.
https://www.coris.noaa.gov/activities/reef_managers_guide/reef_managers_guide.pdf
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NOAA Coral Reef Watch use satellites to measure sea surface temperature (SST) to identify
hotspots (areas warmer than usual) produce DHW maps.
Check them out here: https://coralreefwatch.noaa.gov/satellite/dhw.php

These maps are created
by comparing the SST
with the average
maximum temperature

This NOAA image shows the DKW for 12 weeks ending April 3, 2017.
Image: NOAA
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The DHW data is used to produce Bleaching Alert Area Charts.
Check these out here: https://www.ospo.noaa.gov/Products/ocean/cb/baa/index.html

These terms are
explained on the next
slide
This NOAA image shows the Bleaching alert level, for the 12 weeks ending April 3, 2017.
Image: NOAA
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Key
No stress:
Watch:
Warning:
Alert level 1:
Alert level 2:
Image: NOAA

DHW <= 0
DHW < 1
DHW < 4
DHW < 8
DHW > 8

no bleaching predicted
no bleaching predicted
possible bleaching
Bleaching Likely
Mortality likely
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Coral bleaching thresholds can be calculated using temperature records and bleaching observations.
The shaded area in this graph shows the predicted bleaching threshold as the cumulative exposure
falling between the coolest bleaching year (1998) and the warmest non-bleaching year (1999).

Marshall, P., Schuttenberg, H., & West, J.
(2006). A Reef manager's guide to coral
bleaching. Townsville (Australia): Great Barrier
Reef Marine Park Authority.
https://www.coris.noaa.gov/activities/reef_ma
nagers_guide/reef_managers_guide.pdf

Bleaching thresholds for Kelso Reef in the central Great Barrier Reef,
Australia
Page 1010

Kelso reef corals
did bleach this year

Kelso reef corals
did NOT bleach this
year

So the threshold
is somewhere in
between

Marshall, P., Schuttenberg, H., &
West, J. (2006). A Reef manager's
guide to coral bleaching.
Townsville (Australia): Great
Barrier Reef Marine Park
Authority.
https://www.coris.noaa.gov/activ
ities/reef_managers_guide/reef_
managers_guide.pdf

Bleaching thresholds for Kelso Reef in the central Great Barrier Reef, Australia
Marshall, P., Schuttenberg, H., & West, J. (2006). A Reef manager's guide to coral bleaching. Townsville (Australia): Great Barrier Reef Marine Park Authority.
https://www.coris.noaa.gov/activities/reef_managers_guide/reef_managers_guide.pdf
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Summarise the effect of thermal stress on this Shelford’s Law diagram:

Page 1012

Corals are happy and healthy in waters
below a threshold temperature here

Corals that experience
heat stress of 1- 4 DHW
might bleach
Corals that experience
heat stress of 4-8 DHW
will probably bleach

Corals that experience
heat stress over 8 DHW
will probably die
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Why are corals growing so close to
their thermal limit?
Before recent increases in sea temperature, corals and their
zooxanthellae lived in water that typically never rose above their
maximum thermal limits.
Because of the approximately 1oC increase in SST over the past
hundred years, corals are now just below their upper thermal limits.
Before this warming, corals would always have been a degree or two
below these critical
level in summer.
The fact that corals are now so close to their thermal limits is
evidence that corals have been unable to acclimatise or adapt to
these temperature increases.
Reference: Hoegh-Guldberg, O. (1999). Climate change, coral bleaching and the future of the world's coral reefs. Marine
And Freshwater Research, 50(8), 839. doi: 10.1071/mf99078
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Perhaps science can speed up the adaptation of corals to temperature:
https://youtu.be/zM-rYFdNz_k

Could Lab-Bred Super Coral Save Our Reefs?

YouTube video by Smithsonian Channel, available: https://youtu.be/zM-rYFdNz_k
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Worksheet
103
In Hot Water...How
warm is too
warm?
by
Gail Riches
www.marineeducation.com.au
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T104 GBR thermal data

Adam Richmond
Page 1017

Syllabus statement
At the end of this topic you should be able to ...

Interpret
thermal threshold data for reefs in the northern, central and southern sections of the
Great Barrier Reef in relation to the likelihood of a bleaching even.
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Interpret

• use knowledge and understanding to recognise trends and draw
conclusions from given information;
• make clear or explicit;
• elucidate or understand in a particular way; bring out the meaning of, e.g.
a dramatic or musical work, by performance or execution;
• bring out the meaning of an artwork by artistic representation or
performance;
• give one's own interpretation of;
• identify or draw meaning from, or give meaning to, information presented
in various forms, such as words, symbols, pictures or graphs
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Objective
Interpret thermal threshold data for reefs in the
northern, central and southern sections of the Great
Barrier Reef in relation to the likelihood of a
bleaching even.
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Watch this news clip about bleaching in the northern section of the Great Barrier Reef:
https://youtu.be/nzphEuknNiA

Catastrophic bleaching in northern Great Barrier Reef

YouTube video by ARC Centre of Excellence for Coral Reef Studies, available: https://youtu.be/nzphEuknNiA
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As you learned in topic 103, the bleaching threshold of corals varies with location:
Locality

Position

Thermal threshold
(°C)
28.3

Southern GBR

23.5°S,149.5°E

Central GBR

18°S,147.5°E

29.2

Northern GBR

11°S,143°E

30.0

The bleaching at Lizard Island, in the northern section of the Great Barrier
Reef, was caused by water temperatures 1oC above the usual temperature
(MMM) for 3 months.

Reference:
Hoegh-Guldberg, O. (1999). Climate change, coral bleaching and the future of the world's coral reefs. Marine And
Freshwater Research, 50(8), 839. doi: 10.1071/mf99078
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The 2016 bleaching event was caused by record- breaking sea
surface temperatures
Image: Australian Bureau of Meteorology, cited in GBRMPA, accessed:
http://elibrary.gbrmpa.gov.au/jspui/bitstream/11017/3206/1/Final-report-2016-coral-bleaching-GBR.pdf CCBY4.0
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The severity of bleaching (in
2016) was worst in the northern
section of the Great Barrier Reef.

Images: GBRMPA, accessed:
http://elibrary.gbrmpa.gov.au/jspui/bitstream/11017/3206/1/Final-report-2016-coralbleaching-GBR.pdf CCBY4.0
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Bleaching was in the central section during the 2017 bleaching event:

2016

2017

Image: Climate Council of Australia, after GBRMPA. Retrieved 6 August 2019, from https://www.climatecouncil.org.au/wpcontent/uploads/2018/07/CC_MVSA0147-Report-Great-Barrier-Reef_V4-FA_Low-Res_Single-Pages.pdf. CCBY 3.0
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The Great Barrier Reef sea surface temperature has increased over time
Image: Climate Central, retrieved: https://www.climatecentral.org/news/climate-change-devastating-great-barrier-reef--20295
Permission non commercial use
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The Australian Institute of Marine Science collected real-time water temperature data over
the 2015-2016 Summer.
Sensors were placed at Thursday Island, Lizard
Island, Davies reef and Heron Island.

Site
Thursday Island

Max
Summer
temp
(oC)
31.9

Lizard Island

30.7

Daviers Reef

29.8

Hero Island

28.3

Warmest
Day
13 March
2016
3 March
2016
1 March
2016
4 February
2016

# days
above
bleaching
threshold
10

# days
above
threshold
(+2 SD)
31

# days
above
threshold
(+3 SD)
11

4

9

1

1

31

0

0

7

0

Download this open access article here:
https://doi.org/10.1080/1755876X.2017.1290863

Reference: Scott J. Bainbridge (2017) Temperature and light patterns at four reefs along the Great
Barrier Reef during the 2015–2016 austral summer: understanding patterns of observed coral
bleaching, Journal of Operational Oceanography, 10:1, 16-29, DOI: 10.1080/1755876X.2017.1290863
CC-BY NC ND 4.0
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Northern section data

Bleaching threshold

Measured water temp

Lizard Island had 4 days above the bleaching threshold (circled- red).
Like Heron Island, the water temperatures remained above average from March onwards.

Reference: Scott J. Bainbridge (2017) Temperature and light patterns at four reefs along the Great Barrier Reef during the 2015–2016
austral summer: understanding patterns of observed coral bleaching, Journal of Operational Oceanography, 10:1, 16-29, DOI:
10.1080/1755876X.2017.1290863 CC-BY NC ND 4.0
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Reference: Scott J. Bainbridge (2017) Temperature and light patterns at four reefs along the Great Barrier Reef during the 2015–2016 austral summer: understanding patterns of
observed coral bleaching, Journal of Operational Oceanography, 10:1, 16-29, DOI: 10.1080/1755876X.2017.1290863 CC-BY NC ND 4.0
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You can find current weather conditions
for Lizard island, and other reef sites here:
http://weather.aims.gov.au/#/overview

Image: Australian Institute of Marine Science, from http://weather.aims.gov.au/#/station/1166 06/08/2019
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This image shows the sea surface
temperature over the GBR region in February
2017.
You can create your own SST map here:

http://www.bom.gov.au/environment/activities/ree
ftemp/reeftemp.shtml
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This image shows the sea surface
temperature anomaly for February 2017
The anomaly is the difference between SST
and MMM.
You can create your own SST anomaly map
here:
http://www.bom.gov.au/environment/activities/ree
ftemp/reeftemp.shtml
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NOAA Coral Reef Watch produce bleaching alerts based on SST, SST anomaly, HotSpot, and DHW.

You can access near real-time
and archived images here:
https://coralreefwatch.noaa.g
ov/satellite/product_overview.
php

This is the 5- day maximum bleaching alert for February 2017.
Image: NOAA Coral Reef Watch. 2017, updated daily. NOAA Coral Reef Watch Version 3.0 Daily Global 5-km Satellite Virtual
Station Time Series Data for Northern Great Barrier Reef for the two year time series 2016-2017, College Park, Maryland,
USA: NOAA Coral Reef Watch. Data set accessed 06/08/2019 at https://coralreefwatch.noaa.gov/vs/data.php
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This is a Time-series Graph of SST and DHW in the Northern Great Barrier Reef:

Image: NOAA Coral Reef Watch. 2017, updated daily. NOAA Coral Reef Watch Version 3.0 Daily Global 5-km Satellite Virtual Station Time Series Data for
Northern Great Barrier Reef for the two year time series 2016-2017, College Park, Maryland, USA: NOAA Coral Reef Watch. Data set accessed 06/08/2019 at
https://coralreefwatch.noaa.gov/vs/data.php
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This Y axis shows the sea surface temperature

Image: NOAA Coral Reef Watch. 2017, updated daily. NOAA Coral Reef Watch Version 3.0 Daily Global 5-km Satellite Virtual Station Time Series
Data for Northern Great Barrier Reef for the two year time series 2016-2017, College Park, Maryland, USA: NOAA Coral Reef Watch. Data set
accessed 06/08/2019 at https://coralreefwatch.noaa.gov/vs/data.php
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This Y axis shows the Degree heating Weeks
1 degree heating week (DHW) is
1oC above the bleaching threshold
for 1 week (oC week)

Corals in the Northern GBR
experienced heat stress of
approximately 14 oC weeks in
April 2017

Image: NOAA Coral Reef Watch. 2017, updated daily. NOAA Coral Reef Watch Version 3.0 Daily Global 5-km Satellite Virtual Station Time Series Data for Northern Great Barrier Reef
for the two year time series 2016-2017, College Park, Maryland, USA: NOAA Coral Reef Watch. Data set accessed 06/08/2019 at https://coralreefwatch.noaa.gov/vs/data.php
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Image: NOAA Coral Reef Watch. 2017, updated daily. NOAA Coral Reef Watch Version 3.0 Daily Global 5-km Satellite Virtual Station Time Series Data for
Northern Great Barrier Reef for the two year time series 2016-2017, College Park, Maryland, USA: NOAA Coral Reef Watch. Data set accessed 06/08/2019 at
https://coralreefwatch.noaa.gov/vs/data.php
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Interpret this time series graph of the Northern Great Barrier Reef.
Identify the relationship between SST and alert level.

Image: NOAA Coral Reef Watch. 2017, updated daily. NOAA Coral Reef Watch Version 3.0 Daily Global 5-km
Satellite Virtual Station Time Series Data for Northern Great Barrier Reef for the two year time series 20162017, College Park, Maryland, USA: NOAA Coral Reef Watch. Data set accessed 06/08/2019 at
https://coralreefwatch.noaa.gov/vs/data.php
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Interpret this time series graph of the Central Great Barrier Reef.
Contrast the SST, threshold SST and alert levels with the Northern GBR.

Image: NOAA Coral Reef Watch. 2017, updated daily. NOAA Coral Reef Watch Version 3.0 Daily Global 5-km Satellite Virtual Station Time Series Data
for Central Great Barrier Reef for the two year time series 2016-2017, College Park, Maryland, USA: NOAA Coral Reef Watch. Data set accessed
06/08/2019 at https://coralreefwatch.noaa.gov/vs/data.php
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Interpret this time series graph of the Southern Great Barrier Reef.
Compare the SST, threshold SST and alert levels with the Northern and Central GBR.

Image: NOAA Coral Reef Watch. 2017, updated daily. NOAA Coral Reef Watch Version 3.0 Daily Global 5-km Satellite Virtual Station Time Series Data for
Southern Great Barrier Reef for the two year time series 2016-2017, College Park, Maryland, USA: NOAA Coral Reef Watch. Data set accessed 06/08/2019
at https://coralreefwatch.noaa.gov/vs/data.php
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This is the time series graph for the Northern GBR, current on the day of writing.
Compare this with the 2016 – 2017 data. (see next slide)

Image: NOAA Coral Reef Watch. 2017, updated daily. NOAA Coral Reef Watch Version 3.0 Daily Global 5-km Satellite Virtual Station Time Series Data for
Northern GBR for the two year time series 2018-2019, College Park, Maryland, USA: NOAA Coral Reef Watch. Data set accessed 06/08/2019 at
https://coralreefwatch.noaa.gov/vs/data.php

Page 1041

Comparison slide

Image: NOAA Coral Reef Watch. 2017,
updated daily. NOAA Coral Reef Watch
Version 3.0 Daily Global 5-km Satellite
Virtual Station Time Series Data for
Northern GBR for the two year time series
2018-2019, College Park, Maryland, USA:
NOAA Coral Reef Watch. Data set
accessed 06/08/2019 at
https://coralreefwatch.noaa.gov/vs/data.
php
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Future predictions….
CSIRO has modelled observed and
predicted SST for each sector of
the GBR.
The dark horizontal line is the
bleaching threshold of corals in
each sector.

Download the article “Climate
change, coral bleaching and the
future of the world’s s coral reefs”:
https://www.publish.csiro.au/mf/
pdf/MF99078

Image: CSIRO, from: Hoegh-Guldberg, O. (1999). Climate change, coral bleaching and the future of the world’s coral reefs. Marine Freshwater Research. Vol. 50, 83966.DOI: 10.1071/mf99078

Page 1043

Worksheet
104
In Hot
Water...How
long is too long?
by

Gail Riches
www.marineeducation.com.au
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T105 Ecological effects of
bleaching

Adam Richmond
Page 1045

Syllabus statement
At the end of this topic you should be able to ...

Use
a specific case study to evaluate the ecological effects on other organisms (e.g. fish)
after a bleaching event has occurred
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Use
- operate or put into effect;
- apply knowledge or rules to put theory into practice
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Objective
Predict what could happen to fish populations after a
coral bleaching event.
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This YouTube video reports on the effects of bleaching on reef organisms.
https://youtu.be/c8MHGPakECA

The effect of coral bleaching on reef fish

YouTube video by ARC Centre of Excellence for Coral Reef Studies, available: https://youtu.be/c8MHGPakECA
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Coral bleaching often causes a decrease in coral cover.
This often causes an increase in the amount of macroalgae.
Phase shifts results in a loss of structural cover, and fish habitat

refer back to
T91 tipping points &
T092 reef hysteresis

Image: Bob Moffatt and Sophie Hall, after: Pratchett, M., Munday, P., Wilson, S., Graham, N., Cinner, J., & Bellwood, D. et al. (2008). Effects Of ClimateInduced Coral Bleaching On Coral-Reef Fishes ‚Äî Ecological And Economic Consequences. Oceanography And Marine Biology, 251-296. doi:
10.1201/9781420065756.ch6
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Many fish are dependent of live coral for food, habitat and recruitment habitat

Butterflyfish, damselfish
and gobies are the most
likely to be affected by a
decrease in corals.
Choose a reef fish- and
research what family it
is in, and use this graph
to determine why it
needs the reef.

Image: Pratchett, M., Bay, L., Coker, D., Cole, A., & Lawton, R. (2012). Effects of coral bleaching on coral
habitats and associated fishes. Wildlife And Climate Change, 59-67. doi: 10.7882/fs.2012.012, available:
https://publications.rzsnsw.org.au/doi/pdf/10.7882/FS.2012.012
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Butterfly fish, such as this Chaetodon lunula are dependent on live coral
as part of their diet.
Image: Brian Gratwicke, flickr available: https://flic.kr/p/XKzJsb CC BY 2.0
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Damselfish, such as these green chromis, Chromis viridis, are obligate reef-dwellers
Image: Richard Ling [CC BY-SA 2.0 (https://creativecommons.org/licenses/by-sa/2.0)]
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Coral gobies are dependent on live coral for habitat
Image: Haplochromis [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)]
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This graph shows the relationship between % coral loss and species richness of reef fish,
based on the results of 30 independent studies.

Note:
1. These results are
quite variablebased on fish
studied and the
time elapsed after
the disturbance
2. Not all coral loss
is caused by
bleaching.

Reprinted by permission from Springer Nature: Springer eBook © 2019. Pratchett, M., Hoey, A., Wilson, S., Messmer, V., & Graham, N.
(2011). Changes in Biodiversity and Functioning of Reef Fish Assemblages following Coral Bleaching and Coral Loss. Diversity, 3(3), 424-452.
doi: 10.3390/d3030424.
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To see the effects of bleaching
on the settlement of
damselfish and gobies
download the paper below:
Bonin, M., Munday, P., McCormick, M.,
Srinivasan, M., & Jones, G. (2009).
Coral-dwelling fishes resistant to
bleaching but not to mortality of host
corals. Marine Ecology Progress
Series, 394, 215-222. doi:
10.3354/meps08294
https://www.intres.com/articles/meps2009/394/m394
p215.pdf

There was no significant difference in the settlement or persistence (survival) of Lemon damsel,
Pomacentrus moluccensis, on healthy, bleached or dead corals.
Image: Rickard Zerpe, Flickr https://flic.kr/p/23HwsKk CC BY 2.0
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Coral-dwelling gobies persisted on healthy and severely bleached corals, but
none survived on dead corals.
Image: Phil Munday / Lizard Island Field Guide [CC BY 3.0 (https://creativecommons.org/licenses/by/3.0)]
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Anemones and clams can bleach too.

Clown fish at Lizard Island during the 2016 coral bleaching event on the Great Barrier Reef.
Image: ARC CoE for Coral Reef Studies/ Laura Richardson
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This graph shows % change in fish species richness as a result of coral loss.
The dashed line shows the trend from short-term changes in coral cover, compared to the
longer term reduction in coral cover and structural complexity (rugosity).

Pratchett, M., Hoey, A., Wilson, S., Messmer, V., & Graham, N. (2011). Changes in Biodiversity and Functioning of Reef Fish Assemblages following
Coral Bleaching and Coral Loss. Diversity, 3(3), 424-452. doi: 10.3390/d3030424, open access: https://www.mdpi.com/1424-2818/3/3/424
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The relationship between coral loss and fish species richness is more pronounced when
considering absolute numbers of species (as opposed to %).

Pratchett, M., Hoey, A., Wilson, S., Messmer, V., & Graham, N. (2011). Changes in Biodiversity and Functioning of Reef Fish Assemblages following Coral Bleaching
and Coral Loss. Diversity, 3(3), 424-452. doi: 10.3390/d3030424, open access: https://www.mdpi.com/1424-2818/3/3/424
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This graph shows changes in the abundance of 45 species of reef fish caused by mass bleaching,
resulting in >50% coral loss.
Corallivores are more affected than herbivores.

Image: Bob Moffatt, after: Pratchett, M., Munday, P., Wilson, S., Graham, N., Cinner, J., & Bellwood, D. et al. (2008). Effects Of Climate-Induced Coral Bleaching On Coral-Reef Fishes ‚Äî
Ecological And Economic Consequences. Oceanography And Marine Biology, 251-296. doi: 10.1201/9781420065756.ch6
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Bellwood et
al reported
the effects
of the 1998
coral
bleaching on
the
abundance
of 6 fish
species:

Image: Reproduced with permission © John Wiley and Sons, Global Change Biology BELLWOOD, D., HOEY, A., ACKERMAN, J., & DEPCZYNSKI, M.
(2006). Coral bleaching, reef fish community phase shifts and the resilience of coral reefs. Global Change Biology, 12(9), 1587-1594. doi:
10.1111/j.1365-2486.2006.01204.x
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Populations of the three generalist species: the planktivore Neopomacentrus bankieri and the
omnivorous/ detritivorous Istigobius spp. and Eviota queenslandica increased after the
bleaching event.

Images: Left: Erik Schlogl / iNaturalist.org. http://fishesofaustralia.net.au/home/species/3060 CC by
Attribution-NonCommercial
Middle:Andrew J. Green / Reef Life Survey. http://fishesofaustralia.net.au/home/species/364 CC
by Attribution
Right: Keiichi Matsuura / EOL. http://fishesofaustralia.net.au/home/species/1358 CC by AttributionNonCommercial
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The populations of the three coral-associated species (Pomacentrus moluccensis, Gobiodon
spp. and Paragobiodon spp. decreased after the bleaching event.

Images: Left: Graham Edgar / Reef Life Survey. http://fishesofaustralia.net.au/home/species/2347
CC by Attribution
Middle: Phil Munday / Lizard Island Field Guide, http://lifg.australianmuseum.net.au/. CC by
Attribution
Right: Andrey Ryanskiy / FishBase. Andrey Ryanskiy / FishBase.
http://fishesofaustralia.net.au/home/species/137 CC by Attribution-NonCommercial
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This figure shows the response of obligate corallivores to significant declines in coral cover.

Response was calculated:
% decline in fish abundance
% decline on coral cover
Not surprisingly, fish that
need to eat coral are
negatively impacted by a
decline in coral cover.

Reprinted by permission from Springer Nature: Springer eBook © 2019. Pratchett, M., Hoey, A., Wilson, S., Messmer, V., & Graham,
N. (2011). Changes in Biodiversity and Functioning of Reef Fish Assemblages following Coral Bleaching and Coral Loss. Diversity, 3(3),
424-452. doi: 10.3390/d3030424.
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Chaetodon trifasciatus is a corallivore that feeds only on tabulate Acropora corals- so is affected
by changes in the abundance of Acropora- but not necessarily % coral cover

Image:
https://commons.wikimedia.org/wiki/File:Chaeto
don_trifasciatus_3.jpg#/media/File:Chaetodon_tri
fasciatus_3.jpg CC BY SA 3.0
Reference: Pratchett, M., Hoey, A., Wilson, S.,
Messmer, V., & Graham, N. (2011). Changes in
Biodiversity and Functioning of Reef Fish
Assemblages following Coral Bleaching and Coral
Loss. Diversity, 3(3), 424-452. doi:
10.3390/d3030424.
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Herbivorous reef fish can be negatively affected by a reduction in coral cover- but others (at
least sometimes, or for a short period of time) increase in abundance.

Note the large SE
bars, showing the
variability in response
to coral loss.

Reprinted by permission from Springer Nature: Springer eBook © 2019. Pratchett, M., Hoey, A., Wilson, S., Messmer, V., & Graham, N.
(2011). Changes in Biodiversity and Functioning of Reef Fish Assemblages following Coral Bleaching and Coral Loss. Diversity, 3(3), 424-452.
doi: 10.3390/d3030424.
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Macro-algal browsers increase in abundance and/or biomass when algae colonise dead coral
skeletons.
• It is unknown whether the increase is due to increased recruitment, migration or enhanced growth.

Naso lituratus

Image: Brian Gratwicke [CC BY 2.0 (https://creativecommons.org/licenses/by/2.0)]

Siganus stellatus

Image:Ahmed Abdul Rahman [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]

Reference: Pratchett, Morgan, Bridge, Thomas, Brodie, Jon, Cameron, Darren, Day, Jonathan, Emslie, Mike, Grech, Alana, Hamann, Mark, Heron, Scott, Hoey, Andrew, Hoogenboom,
Mia, Lough, Janice, Morrison, Tiffany, Osborne, Kate, Read, Mark, Schauble, Chloe, Smithers, Scott, Sweatman, Hugh, and Waterhouse, Jane (2019) Australia's Great Barrier
Reef. In: Sheppard, Charles, (ed.) World Seas: an environmental evaluation. Elsevier, London, UK, pp. 333-362.
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All other functional groups
(except browsers) of reef fish
experience an overall net decline
in abundance in response to a
decline in coral cover.
The significant variation within
each functional group is caused
by individual species’ dependence
on coral, as well as the nature of
and time since the disturbance.
This diagram will be reproduced
larger on the next slides.

Reprinted by permission from Springer Nature: Springer eBook ©
2019. Pratchett, M., Hoey, A., Wilson, S., Messmer, V., & Graham, N.
(2011). Changes in Biodiversity and Functioning of Reef Fish
Assemblages following Coral Bleaching and Coral Loss. Diversity, 3(3),
424-452. doi: 10.3390/d3030424.
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What is the
functional group of
the fish you chose
earlier?
What is it’s response
to reduced coral
cover?

Reprinted by permission from Springer Nature: Springer eBook © 2019. Pratchett, M., Hoey, A., Wilson, S., Messmer,
V., & Graham, N. (2011). Changes in Biodiversity and Functioning of Reef Fish Assemblages following Coral Bleaching
and Coral Loss. Diversity, 3(3), 424-452. doi: 10.3390/d3030424.
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What is the
functional group of
the fish you chose
earlier?
What is it’s response
to reduced coral
cover?

Reprinted by permission from Springer Nature: Springer eBook © 2019. Pratchett, M., Hoey, A., Wilson, S., Messmer, V., &
Graham, N. (2011). Changes in Biodiversity and Functioning of Reef Fish Assemblages following Coral Bleaching and Coral
Loss. Diversity, 3(3), 424-452. doi: 10.3390/d3030424.
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The impact on fish also depends on whether the reef is recovering, or undergoes a regime shift

Most fish
decrease after
a bleaching
event, even
when it is
recovering

Some herbivores
increase after a
regime shift

Reprinted by permission from John Wiley and Sons: Global Change Biology © 2019. Robinson, J., Wilson, S., Jennings,
S., & Graham, N. (2019). Thermal stress induces persistently altered coral reef fish assemblages. Global Change
Biology, 25(8), 2739-2750. doi: 10.1111/gcb.14704
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Summary
1. The diversity of fish decreases after a coral bleaching event.
2. The mix of species changes- there are less corallivores and piscivores, but
could be more herbivores (such as surgeonfish).
3. Fish that are dependent on branching corals (eg butterflyfish) decrease the
most.
4. After a bleaching event the variation in abundance and diversity between
different communities
5. Decreases - a process called “biotic homogeniaation”

Reference: Citation: Richardson, LE, Graham, NAJ, Pratchett, MS, Eurich, JG, and Hoey, AS (2018). Mass coral bleaching causes biotic homogenization of
reef fish assemblages. Global Change Biology, doi:10.1111/gcb.14119 https://www.coralcoe.org.au/media-releases/coral-bleaching-threatens-thediversity-of-reef-fish
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Worksheet
105
What’s the
Damage Bill?
by
Gail Riches
www.marineeducation.com.au
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T106 Bleaching recovery
conditions

Adam Richmond
Page 1075

Syllabus statement
At the end of this topic you should be able to ...

Describe
the conditions necessary for recovery from bleaching events
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Describe
- give an account (written or spoken) of a situation, event, pattern or
process, or of the characteristics or features of something
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Objectives
1. Describe any patterns in coral reef recovery.
2. Explain factors that affect reef recovery
3. Predict conditions that would be best for reef recovery
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Background
Coral bleaching occurs when warm
sea temperatures cause corals to
expel their symbiotic algae.
If temperatures return to normal
soon enough, surviving corals can
sometimes regrow their algae
within a few months.

The coral bleaching process

Image: Great Barrier Reef Marine Park Authority (GBRMPA)
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When bleaching is
localised, healthy coral
nearby can quickly
repopulate the area.
More severe,
extensive, or repeated
bleaching events can
cause large areas of
coral to die and
recovery can take
decades.

Image: with permission Justin Marshall, Coral Watch
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This graph shows the timing and
intensity of bleaching events from 32
sites in the Australasian region.
• Severe bleaching (black bars)
affected >30% of corals: moderate
bleaching (white bars) affected <30%
of corals.
• Australasia had 3 severe events by
2016.
• There was another in 2017.

Image: The American Association for the Advancement of Science © 2018,
Hughes, T., Anderson, K., Connolly, S., Heron, S., Kerry, J., & Lough, J. et al.
(2018). Spatial and temporal patterns of mass bleaching of corals in the
Anthropocene. Science, 359(6371), 80-83. doi: 10.1126/science.aan8048
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Compare the
bleaching intensity
and frequency in
Australasia with other
regions.

Image: The American Association for the
Advancement of Science © 2018, Hughes, T.,
Anderson, K., Connolly, S., Heron, S., Kerry, J., &
Lough, J. et al. (2018). Spatial and temporal patterns
of mass bleaching of corals in the
Anthropocene. Science, 359(6371), 80-83. doi:
10.1126/science.aan8048
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Interpret these graphs:
• Figure A shows the frequency of severe bleaching at affecting >30% of corals, and moderate
bleaching (<30%) at 100 locations.
• Figure B shows the cumulative total of bleaching events (red, right axis); and the number of
sites that have not experienced bleaching (blue, left axis).

Image: The American Association for the Advancement of Science © 2018, Hughes, T., Anderson, K., Connolly, S., Heron, S., Kerry, J., & Lough, J. et al.
(2018). Spatial and temporal patterns of mass bleaching of corals in the Anthropocene. Science, 359(6371), 80-83. doi: 10.1126/science.aan8048
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Graph A:
• Here the frequency of bleaching events has increased from 1980- 2016.
Graph B:
• The number of bleaching events has increased, and the number of sites that
has not experienced bleaching decreased

Image: The American Association for the Advancement of Science © 2018, Hughes, T., Anderson, K., Connolly, S., Heron, S., Kerry, J., & Lough, J. et al.
(2018). Spatial and temporal patterns of mass bleaching of corals in the Anthropocene. Science, 359(6371), 80-83. doi: 10.1126/science.aan8048
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Interpret these graphs:
Graph C
• This shows the frequency of severe and total bleaching events
between 1980 and 2016 at 100 locations.
Graph D
• This shows frequency of return times (number of years) between
successive bleaching events.

Image: The American Association for the Advancement of Science © 2018, Hughes, T., Anderson, K., Connolly, S., Heron, S., Kerry, J., &
Lough, J. et al. (2018). Spatial and temporal patterns of mass bleaching of corals in the Anthropocene. Science, 359(6371), 80-83. doi:
10.1126/science.aan8048
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Graph C shows that 30 sites have experienced 8 or more bleaching events between 1980 and
2016. Most sites have had 2-4 severe events in this time.
Graph D shows that the time between successive events is less in 2000-2016 than previously.

Image: The American Association for the Advancement of Science © 2018, Hughes, T., Anderson, K., Connolly, S., Heron, S., Kerry, J., & Lough, J. et al.
(2018). Spatial and temporal patterns of mass bleaching of corals in the Anthropocene. Science, 359(6371), 80-83. doi: 10.1126/science.aan8048
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Baker et al reported change in coral cover after major coral bleaching events.
Some sites showed measurable recovery within a few years, whilst others showed no
recovery after 20 years.
Site

Pre
bleaching
coral cover

Post
bleaching
coral cover

% change

Period

Dominant
taxa

Hithadoo
Reef,
Maldives

-

40.9 - 51.7

+ 10.8

2002-2004 (2)

Acropora,
Pocillopora

Middle
Island GBR

68 (1993)

33 - 58

+25

1998-2002 (4)

Acropora

Lizard Island, 25 (1981)
GBR

10 – 19

+9

1981 – 2003
(22)

n/a

Santa Fe,
Galapagos

0–0

0

1984- 2002 (18) Acropora,
Pocillopora

48 (1976)

Image: Adam Richmond, after Andrew C. Baker et al., Climate change and coral reef bleaching: An ecological assessment of long-term
impacts, recovery trends and future outlook, Estuar. Coast. Shelf Sci. (2008), doi:10.1016/j.ecss.2008.09.003
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Dominant coral types
after a bleaching event
are Acropora, Pocillopora
and Faviid corals.
These corals all have
high recruitment and
fast growth, and are
broadcast spawners that
have the capacity for
long distance dispersal
and asexual
reproduction.

Pocillopora damicornis can regrow from a fragment

Image: By Ahmed Abdul Rahman, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=34580258
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Bleaching events lead to a change in community composition as shown in this YouTube video:
https://youtu.be/-liVtbZzFrE

Reef reality: why coral is changing

YouTube video by Australian Academy of Science, available: https://youtu.be/-liVtbZzFrE
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Ortiz et al calculated recovery rates during recovery periods between disturbances, using
data from81 reefs over 19 years.

Ortiz, J., Wolff, N., Anthony, K., Devlin, M., Lewis, S., & Mumby, P. (2018). Impaired recovery of the Great Barrier Reef under cumulative
stress. Science Advances, 4(7), eaar6127. doi: 10.1126/sciadv.aar6127 Open Access CC BY-NC
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The instantaneous growth rate of all coral types
declined over the study period.
Branching Acropora and Montipora had
negative recovery rates in 2010- suggesting that
these species were not recovering.
Trends in recovery rates varied across the GBRsee the article for more details.

Ortiz, J., Wolff, N., Anthony, K., Devlin, M., Lewis, S., & Mumby, P. (2018).
Impaired recovery of the Great Barrier Reef under cumulative stress. Science
Advances, 4(7), eaar6127. doi: 10.1126/sciadv.aar6127 Open Access CC BY-NC
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In the same study, the authors
created a model that predicts coral
recovery from 5% to 70% within 7
years- with varied frequencies of
disturbance.
This model is for tabular Acropora at
Penrith Reef, Southern GBR.

Acute effects are from events
such as bleaching, cyclones and
COTS outbreaks.
Chronic pressures include water
quality.

Ortiz, J., Wolff, N., Anthony, K., Devlin, M., Lewis, S., & Mumby, P. (2018). Impaired recovery of
the Great Barrier Reef under cumulative stress. Science Advances, 4(7), eaar6127. doi:
10.1126/sciadv.aar6127 Open Access CC BY-NC

The combined impacts of
chronic and acute effects is
greater.
Page 1092

Compare the predicted rates of recovery (tabular
Acropora % cover) between Linnet Reef, Kelso Reef
and Penrith Reef.
• Linnet Reef is in the Northern Section;
• Kelso Reef is in the Central Section and
• Penrith Reef is in the Southern section of the
Great Barrier reef.

Can you identify any relationship between recovery
rate and section?

Ortiz, J., Wolff, N., Anthony, K., Devlin, M., Lewis, S., & Mumby, P.
(2018). Impaired recovery of the Great Barrier Reef under
cumulative stress. Science Advances, 4(7), eaar6127. doi:
10.1126/sciadv.aar6127 Open Access CC BY-NC. Supplementary
material:
https://advances.sciencemag.org/content/advances/suppl/2018/07
/16/4.7.eaar6127.DC1/aar6127_SM.pdf
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The recovery of
corals varies with
coral taxa, type
and location.

Ortiz, J., Wolff, N., Anthony, K., Devlin,
M., Lewis, S., & Mumby, P. (2018).
Impaired recovery of the Great Barrier
Reef under cumulative stress. Science
Advances, 4(7), eaar6127. doi:
10.1126/sciadv.aar6127 Open Access CC
BY-NC. Supplementary material:
https://advances.sciencemag.org/conte
nt/advances/suppl/2018/07/16/4.7.eaar
6127.DC1/aar6127_SM.pdf
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Resistant corals are less likely to bleach.
Tolerant corals survive a bleaching event.
Recovery refers to the recovery of a reef
ecosystem following a widespread bleaching
event.
According to the Reef Manager’s Guide to
Coral Bleaching, recovery requires:
•
•
•
•

Connectivity
Herbivory
Water Quality
Recruitment

Image: Marshall, P., Schuttenberg, H., & West, J.
(2006). A Reef manager's guide to coral bleaching.
Townsville (Australia): Great Barrier Reef Marine Park
Authority.
https://www.coris.noaa.gov/activities/reef_managers
_guide/reef_managers_guide.pdf
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This YouTube video discusses connectivity and recovery of coral communities.
https://youtu.be/rgnAIqdzVyc

Connectivity & recovery

YouTube video by Reefresilience, available: https://youtu.be/rgnAIqdzVyc
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A recovering reef must be connected to a source reef.
Larvae may come from local or distant reefs, shallow or
deep reefs, or from brooded or broadcast larvae.
Review
Topic 082 Coral life cycle
Topic 083 Larval dispersal
Topic 090 Reef fish benefits
Topic 096 Water quality on reefs

A coral gamete ready for dispersal
Image: Pei Yan, flickr, https://flic.kr/p/SMw7xy CC BY- ND 2.0

Page 1097

This model
illustrates the
ecological processes
by which a reef that
is impacted by a
disturbance, can
recover- or fail to
recover.
* Coral legacies represents
the coral % cover after the
disturbance

Image: with permission ROYAL
SOCIETY © 2019, Gouezo, M.,
Golbuu, Y., Fabricius, K., Olsudong,
D., Mereb, G., & Nestor, V. et al.
(2019). Drivers of recovery and
reassembly of coral reef
communities. Proceedings Of The
Royal Society B: Biological
Sciences, 286(1897), 20182908.
doi: 10.1098/rspb.2018.2908

VERY
RECO
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Recovery of Acropora are directly and positively (black arrow) affected by larval imports and
juvenile density, and negatively (red) affected by wave exposure.
• Algal cover indirectly affected recovery by limiting juvenile coral density.

Image: with permission ROYAL SOCIETY © 2019, Gouezo, M., Golbuu, Y., Fabricius, K., Olsudong, D., Mereb, G., & Nestor, V. et al.
(2019). Drivers of recovery and reassembly of coral reef communities. Proceedings Of The Royal Society B: Biological
Sciences, 286(1897), 20182908. doi: 10.1098/rspb.2018.2908
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Montipora recovery was positively affected by wave exposure and greater (10m) depth. Juvenile
density at 10m was less due to algal cover reducing the amount of available substrate.
Remaining coral cover (coral legacies) caused higher rugosity and parrotfish abundance.

Image: with permission ROYAL SOCIETY © 2019, Gouezo, M., Golbuu, Y., Fabricius, K., Olsudong, D., Mereb, G., & Nestor, V. et al. (2019).
Drivers of recovery and reassembly of coral reef communities. Proceedings Of The Royal Society B: Biological Sciences, 286(1897),
20182908. doi: 10.1098/rspb.2018.2908
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Porites recovery is negatively affected by algal cover reducing the availability of settlement substrate.
Available substrate was increased by wave exposure and parrotfish abundance, but reduced by
depth and rugosity. Outer reefs had more parrotfish, inner reefs had more algal cover.

Image: with permission ROYAL SOCIETY © 2019, Gouezo, M., Golbuu, Y., Fabricius, K., Olsudong, D., Mereb, G., & Nestor, V. et al. (2019). Drivers
of recovery and reassembly of coral reef communities. Proceedings Of The Royal Society B: Biological Sciences, 286(1897), 20182908. doi:
10.1098/rspb.2018.2908
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Worksheet
106
Recipe for
Rebuilding
by
Gail Riches
www.marineeducation.com.au

Page 1102

T107 Compare regional
bleaching

Adam Richmond
Page 1103

Syllabus statement
At the end of this topic you should be able to ...

Compare
the responses to bleaching events between two regions, while recognising that coral
cover increases on resilient reefs once pressures are reduced or removed
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Compare
display recognition of similarities and differences and
significance of these similarities and differences

recognise* the

*Recognise identify or recall particular features of
information from knowledge; identify that an item,
characteristic or quality exists; perceive as existing or
true; be aware of or acknowledge
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Objectives
1. Compare bleaching in two different regions.
2. Why is bleaching more severe in some locations
than others?
3. Coral % cover recovery - is an increase in % cover
classed as recovery and if so what percentage?
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The northern section of the Great Barrier Reef experienced mass bleaching in 2016with water temperatures 1oC above average for 3 months.
1oC for 12 weeks = 12 DHW
Remember from
previous slides:
DHW
= Degree
heating weeks

90 % of coral near Lizard Island died.
But only 6% of coral near Cairns died.
Catastrophic bleaching in the Northern Great Barrier reef
YouTube video by ARC Centre of Excellence for Coral Reef Studies, available: https://youtu.be/nzphEuknNiA
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This video shows the bleached and dead corals in the northern sector of the reef.
ARC estimate that 60% of the coral colonies are bleached.

You might be able
to perform a
virtual transect to
measure the
bleaching
percentage

Underwater surveys of the Northern Great Barrier Reef during the 2016 coral bleaching event
YouTube video by ARC Centre of Excellence for Coral Reef Studies/ Andreas Dietzel., available: https://youtu.be/RRxBtL35MuU.
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The scale of the bleaching event was so large- that aerial surveys were used.
The white/yellow patched show bleached coral
https://youtu.be/dkTtumuS4Mg

Aerial surveys of the northern Great Barrier Reef during the 2016 coral bleaching event
YouTube video by ARC Centre of Excellence for Coral Reef Studies/ James Kerry, available: https://youtu.be/dkTtumuS4Mg
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De’ath et al investigated coral cover in the Great Barrier from 1985-2012.

This graph shows the coral cover on 214 reefs
surveyed across the entire Great Barrier Reef.
The mean coral cover show a substantial decline
from 28.0% to 13.8%- a 50.7% loss in coral cover over
the 27 years.

You have seen this
graph before- in
T095: Interpret reef
changes

Reference and Image : De'ath, G., Fabricius, K. E., Sweatman, H. &
Puotinen, M. (2012). The 27-year decline of coral cover on the
Great Barrier Reef and its causes. Proceedings of the National
Academy of Sciences of USA, 109 (44), 17995-17999. (red line
added to image for clarity)
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Changes in % coral cover vary regionally
“Interestingly, the pattern of decline (in coral cover) varies
among regions.
In the northern Great Barrier Reef coral cover has remained
relatively stable, whereas in the southern regions we see the
most dramatic loss of coral, particularly over the last decade
when storms have devastated many reefs.”1
Dr Peter Doherty, Research Fellow at AIMS.

1. Verbatim from Australian Institute of Marine Science. (https://www.aims.gov.au/docs/media/media.html)

Note: this study
measured the decline of
coral due to combined
pressures: bleaching,
storms and COTS

October 2012 - The Great Barrier Reef has lost half of its coral in the last 27 years
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This map of the GBR shows the
location of the 214 surveyed reefs
divided into northern, central, and
southern regions.
The colour of the circles (blue/white)
indicates the direction of change in
cover over time: 68% of reefs
declined, while 32% experienced an
increase in coral cover.

Note: again- these
changes are due to
combined pressures

Reference: De'ath, G., Fabricius, K. E., Sweatman, H. & Puotinen, M. (2012). The 27-year decline of coral cover on the Great Barrier Reef and its causes. Proceedings of the
National Academy of Sciences of USA, 109 (44), 17995-17999.
Page
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This graph shows the proportions of annual mortality due to COTS, cyclones, and bleaching.
Composite bars indicate the estimated mean coral mortality for each year, and the sub-bars indicate
the relative mortality due to COTS, cyclones, and bleaching.

Reference: De'ath, G., Fabricius, K. E., Sweatman, H. & Puotinen, M. (2012). The 27-year decline of coral cover on the
Great Barrier Reef and its causes. Proceedings of the National Academy of Sciences of USA, 109 (44), 17995-17999.
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In 2003, bleaching caused significant mortality in the northern region, but very little coral mortality
in the southern region
Reference: De'ath, G., Fabricius, K. E., Sweatman, H. & Puotinen, M. (2012). The 27-year decline of coral cover on the
Great Barrier Reef and its causes. Proceedings of the National Academy of Sciences of USA, 109 (44), 17995-17999.
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This makes sense- as sea surface temperatures are higher closer to the equator- so the corals
in the northern section would have been exposed to higher water temperatures.

Image: NOAA, available: https://www.ncdc.noaa.gov/cdr/oceanic/sea-surface-temperature-optimum-interpolation
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But… remember that bleaching temperature thresholds vary with latitude:
Locality

Position

Northern GBR 11°S,143°E

Thermal threshold
(°C)
30.0

Tahiti

17.5°S,149.5°W

29.2

Central GBR

18°S,147.5°E

29.2

Rarotonga

21.5°S,159.5°W

28.3

Southern GBR 23.5°S,149.5°E

From T103 Shelford’s Law
and coral bleaching

28.3

Thermal thresholds of corals are higher as you move further North.
Corals in the northern regions are more accustomed and tolerant of high sea temperatures.

Reference: Hoegh-Guldberg, O. (1999). Climate change, coral bleaching and the future of the world's
coral reefs. Marine And Freshwater Research, 50(8), 839. doi: 10.1071/mf99078
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Remember it is the sea surface temperature anomaly that causes thermal stress and causes
coral bleaching. The cumulative difference between sea surface temperatures and monthly
maximum mean temperature, and the time of exposure is measured in Degree heating
weeks (DHW)
There is a range in DHW
from 1-10 in the
northern GBR section

Download archived data here:

https://coralreefwatch.noaa.gov/produ
ct/5km/index.php
Image: NOAA. Accessed:
https://coralreefwatch.noaa.gov/data/5km/v3.1/image/daily/dhw/gif/2017/coraltemp5km_dhw_201
70516_gbr_930x580.gif
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Even when bleaching occurs, the percentage of corals that bleach varies:
Prevalence of coral bleaching as a percentage of the coral assemblage that bleached at 3351
sites in 81 countries, from 1998 to 2017.
• White circles indicate no bleaching. Coloured circles indicate 1% bleaching (blue) through
100% bleaching (yellow)

Image: Sully, S., Burkepile, D., Donovan, M., Hodgson, G., & van Woesik, R. (2019). A global analysis of coral bleaching over the past two decades. Nature
Communications, 10(1). doi: 10.1038/s41467-019-09238-2 CC BY 4.0
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The 2016 mass bleaching event
had the greatest impact in the
northern GBR.
The central and southern regions
were relatively unaffected.
• Scientists suspect that the
southern regions may have
been protected by cool water
upwellings from the coral sea.

The map, detailing coral loss on Great Barrier Reef, shows
how mortality varies enormously from north to south

Image: ARC Centre of Excellence for Coral Reef Studies.
https://www.coralcoe.org.au/media-releases/life-and-death-after-great-barrierreef-bleaching
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This map shows aerial survey results of coral
bleaching during the peak of the bleaching
event in March 2016.
•
•
•
•
•

dark green (< 1% of corals bleached)
light green (1–10%)
yellow (10–30%)
orange (30–60%)
red (> 60%).

Image: Australian Research Council Centre of
Excellence for Coral Reef Studies, published
in Great Barrier Reef Marine Park Authority
2017, Final report: 2016 coral bleaching
event on the Great Barrier Reef, GBRMPA,
Townsville.
CC BY 4.0
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Sea temperatures
between 1
January and 30
March, 2016 were
the hottest
recorded since
1900

Image: © Australian Bureau of
Meteorology, published in Great Barrier
Reef Marine Park Authority 2017, Final
report: 2016 coral bleaching event on the
Great Barrier Reef, GBRMPA, Townsville.
CC BY 4.0
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This map shows the
Degree Heating Days for
the 2015-2016 summer.
The black lines show the
locations of survey
transects.

Image: Great Barrier Reef Marine Park Authority 2017, Final report: 2016
coral bleaching event on the Great Barrier Reef, GBRMPA, Townsville.
CC BY 4.0
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This figure illustrates the latitudinal gradient of responses to the 2016 bleaching event.
Bleaching was less severe further south.

Image: Great Barrier Reef Marine Park Authority 2017, Final report: 2016 coral bleaching event on the Great Barrier Reef, GBRMPA, Townsville.
CC BY 4.0
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The severity of bleaching responses was different
along the transects
An enlarged section is on the next slide.

Image: Great Barrier Reef Marine Park Authority 2017, Final report: 2016 coral bleaching event on the Great Barrier Reef, GBRMPA, Townsville.
CC BY 4.0
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Red- severe, orange- moderate, yellow, minor bleaching

Image: Great Barrier Reef Marine Park Authority 2017, Final report: 2016 coral bleaching event on the Great Barrier Reef, GBRMPA, Townsville. CC BY 4.0
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Bleaching responses were variable across the reef shelf:
Bleaching was more severe on inshore, inner shelf reefs
(left) than on outer shelf reefs (right)

Image: Great Barrier Reef Marine Park Authority 2017, Final report: 2016 coral bleaching event on the Great Barrier Reef, GBRMPA, Townsville. CC BY 4.0

Visit the link below to see the 2016 bleaching event final report:

http://elibrary.gbrmpa.gov.au/jspui/bitstream/11017/3206/1/Final-report-2016-coral-bleaching-GBR.pdf
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Bleaching response can vary on the
one reef, with measurable differences
from surveys taken just 50m apart.

Image: Great Barrier Reef Marine Park Authority 2017, Final report: 2016 coral
bleaching event on the Great Barrier Reef, GBRMPA, Townsville.
CC BY 4.0
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Bleaching responses vary between years, as well as between regions.
The pattern of bleaching severity was different in 2017.
“Despite it being actually
hotter in 2017, we saw less
bleaching because dead
corals can't bleach for a
second time”
Professor Terry Hughes,
ARC Centre of Excellence
for Coral Reef Studies.

Image: Great Barrier Reef Marine Park Authority 2017, Managing for a resilient Great Barrier Reef Marine Park
supporting information paper and workbook, GBRMPA, Townsville. CCBY4.0
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The proportion of corals that bleach also varies with depth.
The 2016 bleaching events at Paluma Shoals reef Complex (PSRC) had the biggest impact at
depths between 1- 1.5m.

Image: Morgan KM, Perry CT, Johnson JA and Smithers SG (2017) Nearshore Turbid-Zone Corals Exhibit
High Bleaching Tolerance on the Great Barrier Reef Following the 2016 Ocean Warming Event. Front.
Mar. Sci. 4:224. doi: 10.3389/fmars.2017.00224 OPEN ACCESS
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The probability of bleaching decreases
with depth for the overall coral
community (a) and individual corals (b)

Image: © Royal Society U.K. reproduced with
permission Muir, P., Marshall, P., Abdulla, A., &
Aguirre, J. (2017). Species identity and depth
predict bleaching severity in reef-building corals:
shall the deep inherit the reef?. Proceedings Of
The Royal Society B: Biological
Sciences, 284(1864), 20171551. doi:
10.1098/rspb.2017.1551 Reproduced with
permission.
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Remember that bleaching susceptibility varies between growth forms and families:

This was covered in T103:
Shelford’s Law and coral bleaching

Reference: Marshall, P., Schuttenberg, H., & West, J. (2006). A Reef manager's guide to coral
bleaching. Townsville (Australia): Great Barrier Reef Marine Park Authority.
https://www.coris.noaa.gov/activities/reef_managers_guide/reef_managers_guide.pdf ©
2006 Great Barrier Reef Marine Park Authority. Reproduced with permission
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The proportion of corals
from the same genus at
the same location, can
vary from year to year.

Image and reference: Pratchett, M., McCowan, D.,
Maynard, J., & Heron, S. (2013). Changes in Bleaching
Susceptibility among Corals Subject to Ocean
Warming and Recurrent Bleaching in Moorea, French
Polynesia. Plos ONE, 8(7), e70443. doi:
10.1371/journal.pone.0070443. Reproduced with
permission.
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Resilient reefs can recover from coral bleaching.
• Following a bleaching event in 2006, some reefs
lost structural complexity and were overgrown
with algae- whilst others recovered.

Review
T095: Interpret reef changes
T106: Bleaching recovery conditions

Image: Diaz-Pulido, G., McCook, L., Dove, S., Berkelmans, R., Roff, G., & Kline, D. et al. (2009). Doom and Boom on a Resilient Reef: Climate Change, Algal Overgrowth and
Coral Recovery. Plos ONE, 4(4), e5239. doi: 10.1371/journal.pone.0005239 CC BY
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“Over the 30+ years of monitoring by AIMS,
GBR reefs have shown their ability to recover
after disturbances, but such ‘resilience’
clearly has limits.
The predicted consequences of climate
change include more powerful storms and
more frequent and more intense bleaching
events.
More intense disturbances mean greater
damage to reefs, so recovery must take
longer if the growth rate remains the same.
At the same time, the intervals between
acute disturbance events are decreasing and
chronic stresses such as high turbidity
and high ocean temperatures can slow rates
of recovery. ”1

Coral community killed by bleaching,
Sir Charles Hardy Reef, Northern GBR region

1Text and image from: Australian Institute of Marine Science, Long-term Reef
Monitoring Program - Annual Summary Report on coral reef condition for 2017/18
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Reefs can recover

Review T095: Interpret Reef Changes

Data collected by the AIMS Long Term Monitoring Program from 2012 – 2015 shows that hard
coral cover in the central and southern sections of the reef increased.
In contrast, the northern section shows a decline in coral cover between 2012-2015 because of
an intense cyclone and a crown-of-thorns starfish outbreak in the region.

Image and reference: Australian Institute of Marine Science, https://www.aims.gov.au/-/05-april-condition-of-great-barrier-reef-corals-before-the-mass-bleaching-event-in-2016

Page 1135

Coral cover on the Northern
GBR was less than half of what
it was in 2013, due to two
severe cyclones, an ongoing
crown-of-thorns starfish
outbreak and back-to-back
severe coral bleaching events in
2016 and 2017.

Reefs in the Northern region were not surveyed
in 2017, which means that the impacts of
Tropical Cyclone Debbie and coral bleaching are
not yet fully represented in the results

Mean coral cover on survey
reefs in the Northern GBR was
very low in 2017 (about 10%). It
is uncertain how long it will take
for these Northern reefs to
recover, if not further disturbed,
as this is the first time that coral
cover this low has been
observed in history of the the
30+ year survey.

Image: Australian Institute of Marine Science, Long-term Reef Monitoring Program - Annual
Summary Report on coral reef condition for 2017/18
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Coral cover on reefs in the
Central GBR has been generally
lower than in the other two
regions.
Cover decreased to the lowest
level on record in 2012, following
the impact of Tropical Cyclone
Yasi in 2011.
Coral on these reefs recovered
rapidly up until 2016.

Image: Australian Institute of Marine Science, Long-term Reef Monitoring Program - Annual Summary
Report on coral reef condition for 2017/18

Surveys in 2018 found coral cover
had declined to 14% due to coral
bleaching in 2016 and again in
2017 and increasing activity of
crown-of-thorns starfish.
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Severe Tropical Cyclone Hamish
swept across much of the Southern
GBR in 2009 causing extensive
damage. Mean coral cover in the
southern region dropped sharply as a
result.
From 2009-2016 there were no
severe cyclones and few recorded
outbreaks of crown-of-thorns
starfish in the Swains or CapricornBunker Sectors, enabling the coral
cover on reefs in those sectors to
increase.

Image: Australian Institute of Marine Science, Long-term Reef Monitoring Program - Annual
Summary Report on coral reef condition for 2017/18

In 2017 an outbreak of crown-ofthorns starfish resulted in an overall
decline in mean coral cover in the
region from 33% in 2017 to 25% in
2018.
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Johns et al (2014)studied six
reefs where coral cover had
returned to pre-disturbance
levels.
Most of them regained coral
cover (grey circles) within 710 years (except e).
It took 8-13 years for the
community assemblage
(black circles) to be restored
(except c and f).
Offshore reefs with fast
growing Acropora corals
showed the best recovery;
inshore reefs with Porites
and soft corals were unlikely
to recover.
Reference and Image: Johns, K., Osborne, K., & Logan, M. (2014). Contrasting rates of coral recovery and reassembly in
coral communities on the Great Barrier Reef. Coral Reefs, 33(3), 553-563. doi: 10.1007/s00338-014-1148-z
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Bay et al studied Acropora corals from three locations on the Great Barrier Reef.
Corals in the Keppel
Group and Davies reef
bleached in December
2005, and many died.
Surviving corals in the
Keppels recovered– (red
circle) as evident by the
coral visual scale.
Magnetic Island corals
showed low bleaching
and low mortality.

Image: Bay, L., Doyle, J., Logan, M., & Berkelmans, R. (2016). Recovery from bleaching is mediated by threshold densities
of background thermo-tolerant symbiont types in a reef-building coral. Royal Society Open Science, 3(6), 160322. doi:
10.1098/rsos.160322. CC BY 4.0
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A recent study by Davis et al
has shown signs of recovery
of corals at One Tree Island, in
the southern Great Barrier
Reef.
This graph shows a recent
increase in the % coral cover
at 2 sites

Image and reference: Davis, K., McMahon, A., Kelaher, B., Shaw, E., & Santos, I. (2019). Fifty Years of
Sporadic Coral Reef Calcification Estimates at One Tree Island, Great Barrier Reef: Is it Enough to Imply
Long Term Trends?. Frontiers In Marine Science, 6. doi: 10.3389/fmars.2019.00282 CC BY 4.0
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This graph shows an
increase in the calcification
rate (Gnet) of corals at two
sites.

Image and reference: Davis, K., McMahon, A.,
Kelaher, B., Shaw, E., & Santos, I. (2019). Fifty
Years of Sporadic Coral Reef Calcification
Estimates at One Tree Island, Great Barrier
Reef: Is it Enough to Imply Long Term
Trends?. Frontiers In Marine Science, 6. doi:
10.3389/fmars.2019.00282 CC BY 4.0
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This image shows recent changes
in coral cover in each section of
the Great Barrier Reef.
Can you determine a pattern?
Reference
This image and the Climate Council’s report
on the impact of climate change on the
Great Barrier reef can be downloaded from:
https://www.climatecouncil.org.au/wpcontent/uploads/2018/07/CC_MVSA0147Report-Great-Barrier-Reef_V4-FA_LowRes_Single-Pages.pdf

Image: © Climate Council of Australia Ltd 2018 Lethal Consequences: Climate Change Impacts on the Great Barrier
Reef. Authors: Lesley Hughes, Annika Dean, Will Steffen and Martin Rice.
CC BY 3.0
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Worksheet
107
Reef-cover-y?
by
Gail Riches
www.marineeducation.com.au
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T108 Interpret coral core data

Adam Richmond
Page 1145

Syllabus statement
At the end of this topic you should be able to ...

Interpret
data, including qualitative graphical data of coral cores, that demonstrates that coral
cores can act as a proxy for the climate record (i.e. they provide information on the
changes in weather patterns and events affecting the composition of coral
communities)
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Interpret (e.g. meaning)
• use knowledge and understanding to recognise trends and draw
conclusions from given information;
• make clear or explicit;
• elucidate or understand in a particular way;
• bring out the meaning of, e.g. a dramatic or musical work, by performance
or execution;
• bring out the meaning of an artwork by artistic representation or
performance;
• give one's own interpretation of;
• identify or draw meaning from, or give meaning to, information presented
in various forms, such as words, symbols, pictures or graphs

Page 1147

Objectives

Review T102: Holocene coral cores

Analyse some examples of coral cores, then:
Identify some trends
Draw some conclusions
Explain how the evidence supports your conclusion

About the:
Climate record (weather and events)
Changes in coral communities
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Definitions
A coral core is a sample of coral
skeleton removed from a living or
dead coral colony.
“These calcium carbonate skeletons
are natural coral reef history books
as they can record environmental
conditions in which corals grew in
the past and also coral’s responses to
environmental change.”
Pers. comm. Dr Janice Lough
Senior Principal Research Scientist
Australian Institute of Marine Science

Review T102: Holocene coral cores

Image: https://www.aims.gov.au/docs/research/climate-change/climate-history/climate-history.html
© 1996-2019 Australian Institute of Marine Science CCBY

Download the Open Access article about coral core analysis here:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0088720
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The skeletons of certain massive corals (such as Porites) contain annual density bands,
similar to tree rings, which are visible when thin coral slices are X-rayed.
Reef scientists can determine growth rates by measuring annual linear extension- the
distance between successive bands.
Two successive high density bands have been shaded in red.

X-ray negative of coral cores showing annual density bands
Image and Reference: https://www.aims.gov.au/docs/research/climate-change/climate-history/climate-history.html
© 1996-2019 Australian Institute of Marine Science CCBY
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Corals deposit high density bands in summer and low density bands in winter.
This coral core from Myrmidon Reef shows regular density banding (see the red arrows).
• This regular banding suggests no unusual events- just typical seasonal growth.

Note: there is a growth hiatus in 2002, corresponding to a coral bleaching event which
interrupted growth.
Image and Reference: Cantin, N., & Lough, J. (2014). Surviving Coral Bleaching Events:
Porites Growth Anomalies on the Great Barrier Reef. Plos ONE, 9(2), e88720. doi:
10.1371/journal.pone.0088720
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Coral bleaching can create a “growth hiatus”- as shown by the dark line (in 1998), caused by a
high density “stress” band, followed by reduced annual extension.
If the date of the bleaching event is known, this provides additional “chronological control”
(ie.helps to validate the age of that part of the coral core).

Coral core from Pandora Reef

Image and Reference: Cantin, N., & Lough, J. (2014). Surviving Coral Bleaching Events: Porites Growth Anomalies on the Great Barrier Reef. Plos ONE, 9(2), e88720. doi:
10.1371/journal.pone.0088720
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Photographs of coral cores taken under an ultraviolet light often
reveal annual luminescent lines in inshore corals.
The luminescent lines correspond with freshwater exposure- eg 1991
was a big flood with a bright luminescent line, followed by a series of
years with low river flows with faint luminescent lines.

Coral core from Pandora Reef

Image and Reference: Cantin, N., & Lough, J. (2014). Surviving Coral Bleaching Events: Porites Growth Anomalies on the Great Barrier Reef. Plos ONE, 9(2), e88720. doi:
10.1371/journal.pone.0088720
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This coral core is from Rib Reef, near Townsville.
Identify two dark bands and a luminescent line.

When might bleaching event/s have occurred?
In what year may there have been a larger-than-usual flood?
Is Rib reef likely to be an inshore reef or an offshore reef?
Image and Reference: Cantin, N., & Lough, J. (2014). Surviving Coral Bleaching Events: Porites Growth Anomalies on the Great Barrier Reef. Plos ONE, 9(2), e88720. doi:
10.1371/journal.pone.0088720
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The growth hiatus in 1998 corresponds with sea surface temperature anomalies,
measured and recorded by NOAA.

Image and Reference: Cantin, N., & Lough,
J. (2014). Surviving Coral Bleaching Events:
Porites Growth Anomalies on the Great
Barrier Reef. Plos ONE, 9(2), e88720. doi:
10.1371/journal.pone.0088720
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The presence of luminescent lines can be visually compared to recorded river flow rates.

Image and Reference: Cantin, N., & Lough, J.
(2014). Surviving Coral Bleaching Events: Porites
Growth Anomalies on the Great Barrier Reef. Plos
ONE, 9(2), e88720. doi:
10.1371/journal.pone.0088720
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Pandora reef luminescence intensity (top) and
Burdekin river flow

The intensity of luminescence can be
measured (quantified) along the core
slice.
The luminescence range (the difference
between the summer wet season
maximum luminescence and previous
winter dry season minimum
luminescence) correlates strongly with
river flow.

Image and Reference: Cantin, N., & Lough, J. (2014). Surviving Coral
Bleaching Events: Porites Growth Anomalies on the Great Barrier
Reef. Plos ONE, 9(2), e88720. doi: 10.1371/journal.pone.0088720
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The banding recorded in corals are easily correlated.
These two core samples were collected from opposite sides of an island, 24 years apart.
The lower image is from a core that provides records back to the early 17th century.
The upper image is from a short core collected to update the long core record

Image: Reprinted by permission from Springer Nature: Lough, J., Lewis, S., & Cantin, N. (2015). Freshwater impacts in the central Great Barrier Reef: 1648–
2011. Coral Reefs, 34(3), 739-751. doi: 10.1007/s00338-015-1297-8 © 2015
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The luminescent bands in the coral core on the previous slide were used to reconstruct flow
rates from the Burdekin River (blue). These can be compared with gauged (measured) flow
rates (red), that began in the 1920s.

The 300+ year old coral core
enabled Burdekin River flow
rates to be reconstructed
back to 1648.

Image: Reprinted by permission from Springer Nature: Lough, J., Lewis, S., & Cantin, N. (2015). Freshwater impacts in the
central Great Barrier Reef: 1648–2011. Coral Reefs, 34(3), 739-751. doi: 10.1007/s00338-015-1297-8 © 2015
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The river flow rates can be reconstructed back into the 17th century using coral core data.
This record shows an extended dry period from mid-18th to mid-19th centuries and that
extreme flood events are larger and more frequent.

Image: Reprinted by permission
from Springer Nature: Lough, J.,
Lewis, S., & Cantin, N. (2015).
Freshwater impacts in the central
Great Barrier Reef: 1648–
2011. Coral Reefs, 34(3), 739-751.
doi: 10.1007/s00338-015-1297-8 ©
2015.
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Chemical analysis of coral growth bands provides further information about atmospheric conditions
when the growth band formed. Corals incorporate oxygen into their skeletons made of CaCO3.
Analysis of the ratio of oxygen isotopes tells us about ocean temperature.
Essentially, the more heavy oxygen, the cooler the temperature- but it is complicated by corals
preferentially incorporating heavy oxygen into their skeletons. Scientists can correct this skew by
considering strontium and calcium rations

O18 has 8 protons
and 10 neutrons

You can learn more about this here:

https://earthobservatory.nasa.gov/features/Paleoclimatology_OxygenBalance/oxygen_balance.
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Paleoclimatologists measure and calibrate the ratio of oxygen isotopes.
The end result is a record of past climate that can be precisely dated.

Image: NASA figure by Robert Simmon, based on data provided by Cole et. al.2000

Want to know more?

https://earthobservatory.nasa.gov/features/Paleoclimatology_CloseUp/paleoclimatology_closeup_2.php
Page 1162

By comparing the oxygen isotope ratios with strontium and calcium ratios, scientists can
determine whether observed changes in coral skeletons are due to temperature, ocean
salinity/rainfall or a combination.
The oxygen isotope measurements are strongly correlated with the Southern Oscillation
Index- and can be used to identify when El Niño and La Niña events occurred in the past.

Image: NASA, adapted from Cole, 1993
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Coral cores have been used to reconstruct Holocene water temperatures:

kyrs BP= thousands of years before present
Note: Holocene information is available only from long dead/ fossil corals which can be wellpreserved after death.
Image: Reprinted by permission from John Wiley and Sons: Sadler, J., Webb, G., Leonard, N., Nothdurft, L., & Clark, T. (2016). Reef core insights into mid-Holocene water
temperatures of the southern Great Barrier Reef. Paleoceanography, 31(10), 1395-1408. doi: 10.1002/2016pa002943 © 2016
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Cores from coral reefs can
also be used to observe
historical changes in the
coral community.
These cores are obtained
by drilling through the reef
floor- not from one specific
coral.
Site A has been dominated
by Acropora corals since
the 1500s

Image: Reprinted by permission from Royal Society
Great Britain: Roff, G., Clark, T., Reymond, C., Zhao, J.,
Feng, Y., & McCook, L. et al. (2013). Palaeoecological
evidence of a historical collapse of corals at Pelorus
Island, inshore Great Barrier Reef, following European
settlement. Proceedings Of The Royal Society B:
Biological Sciences, 280(1750), 20122100. doi:
10.1098/rspb.2012.2100 © 2013
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Site B is currently dominated
by Pavona, but was mostly
Acropora until 1900.
Porites and other genera
have not been present since
the 1500s

Image: Reprinted by permission from Royal Society
Great Britain: Roff, G., Clark, T., Reymond, C., Zhao,
J., Feng, Y., & McCook, L. et al. (2013).
Palaeoecological evidence of a historical collapse of
corals at Pelorus Island, inshore Great Barrier Reef,
following European settlement. Proceedings Of The
Royal Society B: Biological Sciences, 280(1750),
20122100. doi: 10.1098/rspb.2012.2100 © 2013
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Site C is dominated by
Acropora. Montipora
and other genera were
historically present.

Image: Reprinted by permission from Royal Society
Great Britain: Roff, G., Clark, T., Reymond, C., Zhao,
J., Feng, Y., & McCook, L. et al. (2013).
Palaeoecological evidence of a historical collapse of
corals at Pelorus Island, inshore Great Barrier Reef,
following European settlement. Proceedings Of The
Royal Society B: Biological Sciences, 280(1750),
20122100. doi: 10.1098/rspb.2012.2100 © 2013
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Coral cores resources:
There are lots of websites with information about coral cores.
Here is a selection to get you started.
The AIMS page about coral cores:

https://www.aims.gov.au/docs/research/climate-change/climate-history/climate-history.html

NOAA page- Coral cores: ocean timelines.

https://flowergarden.noaa.gov/science/coralcores.html

A Quantum magazine article about coral coring:

https://www.quantamagazine.org/cores-from-coral-reefs-hold-secrets-of-the-seas-past-and-future-20180529/

An full text article about coral cores as proxies for climate and ocean chemistry:
https://www.pnas.org/content/pnas/94/16/8354.full.pdf

A US Geological survey paper with some great photos of corals and coral cores:
https://pubs.usgs.gov/of/2012/1095/pdf/ofr2012-1095.pdf
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Here are some coral core X ray positives and photographs under UV light:
A- Nelly Bay: shows convoluted growth typical of inshore sites
B- Pandora: shows 1998 growth hiatus and annual luminescent lines
C- Rib: shows 2 growth hiatuses and a bright luminescent line
D- Myrmidon: regular banding. A growth hiatus and faint luminescent bands.

Image and reference: Cantin, N., & Lough, J. (2014). Surviving Coral Bleaching Events: Porites Growth Anomalies on the Great Barrier Reef. Plos ONE, 9(2), e88720. doi:
10.1371/journal.pone.0088720 CC BY4.0 available: https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0088720
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Activity - Interpret this coral core:

Image and reference: Mallela J, Lewis SE, Croke B (2013) Coral Skeletons Provide Historical Evidence of Phosphorus
Runoff on the Great Barrier Reef. PLoS ONE 8(9): e75663. doi:10.1371/journal.pone.0075663 CCBY available:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0075663
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Queensland marine science syllabus guide

Unit 3 Marine systems connections and change
Topic 2: Changes on the reef

B. Ocean equilibria
Page 1172

T109 pH and carbonates

Adam Richmond
Page 1173

Syllabus statement
At the end of this topic you should be able to ...

Explain
the reason for differences between ocean pH and freshwater — presence of
carbonate buffering system

Page 1174

Explain
• make an idea or situation plain or clear by describing it in more detail or
revealing relevant facts;
• give an account; provide additional information

Page 1175

Objective
Explain the carbonate buffering system in seawater.

Warning: You may feel like you are in a chemistry
lesson today.
• You do NOT have to remember the equations.
• Remember that chemistry is a useful branch of
science that sometimes helps us understand
marine science
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Seawater

You learnt about the properties of seawater in Unit 1- Topic
006: Seawater properties

Seawater has salt in it.
Sodium Na+, magnesium Mg2+, calcium Ca2+,
potassium K+, chloride Cl-and sulphate SO42- ions
make up 99% of seasalt (by mass).
Other major dissolved substances in seawater include
inorganic carbon C, bromide Br-, boron B, strontium Sr
and fluoride F-.
The proportions of these major components are
relatively constant.

Copyright Bob Moffatt. May be used under Creative Commons CC
4.0 BY-NC-SA
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Seawater contains many
other minor dissolved
chemicals, including
important nutrients:
• nitrates, NO32- and
phosphates, PO42• and atmospheric gases:
• nitrogen N, oxygen O,
argon Ar and carbon
dioxide CO2.

Copyright Bob Moffatt, after Thurman and Webber. May be used under
Creative Commons CC 4.0 BY-NC-SA
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You may have performed an
experiment to observe the effect of
CO2 on the pH of distilled or tap
water.
In this video, bromothymol blue
indicator shows that the pH of tap
water changes from slightly alkaline
to slightly acidic.

Click the
picture to
watch the
video

Remember the pH scale from topic 6
Illustration Bob Moffatt

Video credit: Peta Church, Lab
tech extraordinaire.
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In this video, Bill Nye demonstrates the effect of adding CO2 to water:
https://youtu.be/yPhDLfFNXt8

Bill Nye Explains Climate Change, Acidification With Simple Science Experiments
YouTube video by Today, available: https://youtu.be/yPhDLfFNXt8

Page 1180

You may conduct a similar experiment investigating
the effects of CO2 on the pH of a solution.
You may use exhaled air, effervescent tablets,
candles, dry ice or a soda stream canister as a CO2
source.

Repeat the experiment to
investigate how changes in
temperature and salinity
affect the solubility of CO2

Download and try out
There are several great experiments
that you may be able to do here:

https://www.oceanacidification.org/pdf/Eight_ex
periments_on_ocean_acidification_for_schoo.pdf
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Bubbling CO2 into a solution has a greater effect on the pH of distilled water than
it does on seawater.

Let’s
explore
why….

Image: Bob Moffat, after EDUCATION (2019) Retrieved 10 September 2019, from http://medsea-project.eu/outreach/kids/
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Carbon dioxide in the atmosphere dissolves in
the ocean

CO2(g) ⇌ CO2(aq)

Oceans have a huge capacity for absorbing
CO2- absorbing about 7 GtCO2/year, or 22
million tons per day!

Photo by Ishan @seefromthesky on Unsplash. Copyright https://unsplash.com/terms

Page 1183

Dissolved carbon dioxide reacts (hydrates) with water to form carbonic acid

CO2

+

H 20

+

⇌

H2CO3

⇌

Photo by Ishan @seefromthesky on Unsplash. Copyright https://unsplash.com/terms
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Carbonic acid can react (dissociate) to form bicarbonate ions and hydrogen ions

H2CO3

⇌

HCO3-

⇌

+

H+

+

Photo by Ishan @seefromthesky on Unsplash. Copyright https://unsplash.com/terms
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Carbonic acid can dissociate further to create carbonate ions and 2 hydrogen ions

H2CO3

⇌

⇌

HCO3-

+

H+

+

⇌

⇌

CO3 2- +

2 H+

+

Photo by Ishan @seefromthesky on Unsplash. Copyright https://unsplash.com/terms
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These hydrogen ions increase the acidity (concentration of H+ ions) and reduce the pH of
seawater

H2CO3

⇌

⇌

HCO3- + H+

+

⇌ CO3 2- + 2 H+

⇌

+

These are H+ ions

Photo by Ishan @seefromthesky on Unsplash. Copyright https://unsplash.com/terms
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Since all these reactions are reversible, it creates a chemical buffer system,
regulating the H+ ion concentration (and therefore pH) of sea water.

H2CO3

⇌

⇌

HCO3- + H+

+

⇌ CO3 2- + 2 H+

⇌

+

Reference: NASA Educational workshop, available: https://oceancolor.gsfc.nasa.gov/SeaWiFS/TEACHERS/CHEMISTRY/
Photo by Ishan @seefromthesky on Unsplash. Copyright https://unsplash.com/terms
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The carbonate ions produced are the same ones required to form coral skeletons

H2CO3

⇌

HCO3- + H+

⇌ CO3 2- + 2 H+
⇌
CaCO3 in coral
skeletons and
sediments

⇌

+

⇌

+

⇌
Ca
Reference: NASA Educational workshop, available: https://oceancolor.gsfc.nasa.gov/SeaWiFS/TEACHERS/CHEMISTRY/
Photo by Ishan @seefromthesky on Unsplash. Copyright https://unsplash.com/terms
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In the ocean, dissolved
carbon dioxide is in
equilibrium with carbonic
acid and bicarbonate. The
relative proportions of each
“species” changes with, and
is driven by, ocean pH.

At the current ocean
surface pH of 8.1,
approximately 80% of
dissolved inorganic
carbon is present as
bicarbonate HCO3- ions,
and the rest is mostly
carbonate CO32- ions.

Image: Bob Moffatt, after Homan, 1992
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If more H+ ions enter the system more carbonate CO32- ions convert to bicarbonate
HCO3- ions, resisting a change in pH.

This is the ocean’s carbonate buffering system!
A “buffer” is a
substance that
resists pH change
upon addition of
an acid or base

Image: Bob Moffatt, after Homan, 1992
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However, the current rate at which CO2 is being added to the atmosphere and dissolving in the
ocean is so great that the ocean’s buffering capacity is not able to keep up.
This diagram shows
how atmospheric CO2
dissolves in the ocean,
changing ocean
chemistry and
affecting the
calcification of corals.
We will learn more
about this in the next
few topics.

Image from: Hoegh-Guldberg, O., Mumby, P., Hooten, A., Steneck, R., Greenfield, P., & Gomez, E. et al. (2007). Coral
Reefs Under Rapid Climate Change and Ocean Acidification. Science, 318(5857), 1737-1742. doi:
10.1126/science.1152509. Reprinted with permission from AAAS.
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T110 Geology and carbonates

Adam Richmond
Page 1194

Syllabus statement
At the end of this topic you should be able to ...

Explain
that the carbonate system is linked to geological processes and operates on geological
timescales

Page 1195

Explain
• make an idea or situation plain or clear by describing it in more detail or
revealing relevant facts;
• give an account; provide additional information

Page 1196

Objectives
Describe the carbon cycle, with reference to a diagram.
Recognise that carbonates contribute to the flow of carbon through
global cycles, and that some of these processes are slow.

Page 1197

In the previous topic, you learned that carbonates can occur in three forms

H2CO3

⇌

Carbonic acid

HCO3-

⇌

Carbonate

Bicarbonate

⇌

CO3 2-

⇌
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The “carbonate system” described by the syllabus refers to the “species” created when CO2
dissolves in water.

H2CO3

Carbonic acid

⇌

⇌

HCO3-

Bicarbonate

⇌

CO3 2-

Carbonate

⇌
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You have learned that when CO2 dissolves in water it can occur as carbonic acid or as bicarbonate
or carbonate ions, and that the conversion between these ”species” buffers pH changes.

Copyright Bob Moffatt after Homan, 1992. May be used under Creative Commons CC 4.0 BY-NC-SA

Page 1200

You should recall that corals and other organisms make their skeletons and shells from CaCO3.

If you’ve forgotten this,
we will revisit again in
Topic 116: Carbonates
and shells

Image from: Hoegh-Guldberg, O., Mumby, P., Hooten, A., Steneck, R., Greenfield, P., & Gomez, E. et al. (2007). Coral Reefs Under Rapid Climate Change and Ocean
Acidification. Science, 318(5857), 1737-1742. doi: 10.1126/science.1152509
Reprinted with permission from AAAS.

Page 1201

This is all part of the carbon cycle:

We briefly covered
this in T003:
Biogeographic cycles.

Image: Carbon_cycle-cute_diagram.jpeg: User Kevin Saff on en.wikipediaDerivative work: FischX [Public domain]
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All the carbon on Earth originated from space dust from the death of a star as a supernova.

Image: Antonio Ciccolella [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]
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The carbon that is on Earth is shared and recycled through the carbon cycle.

The simplified carbon cycle
diagram shows how carbon
moves between the
atmosphere, land, ocean
and sediments.

Image: Carbon_cycle-cute_diagram.jpeg: User Kevin Saff on en.wikipediaDerivative work: FischX [Public domain]
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This diagram of the carbon cycle is more complicated and separates land and sea.

Image Dave Bice, CC BY NC SA 3.0, accessed: https://serc.carleton.edu/integrate/teaching_materials/earth_modeling/student_materials/unit9_article1.html
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The atmosphere, land biota, soil, fossil fuels, sedimentary rocks, surface waters, deep waters and
surface ocean sediment are reservoirs for storing carbon.
• Carbon reservoirs are labelled with capital letters.
• The numbers show the approximate size of the reservoirs in Gigatons of carbon.

Image Dave Bice, CC BY NC SA 3.0, accessed:
https://serc.carleton.edu/integrate/teaching_materials/earth_modeling/student_materials/unit9_article1.html
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The arrows show the processes that enable the flow of carbon between reservoirs.
For example, photosynthesis moves 100Gt C/year from the atmosphere into land biota.
The numbers show the approximate size of the reservoirs in Gigatons of carbon

Image Dave Bice, CC BY NC SA 3.0, accessed: https://serc.carleton.edu/integrate/teaching_materials/earth_modeling/student_materials/unit9_article1.html
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This diagram shows the different reservoirs and their sizes (not to scale).
Note: different
sources have slightly
different values. For
example the previous
diagram showed that
surface oceans
stored 950Gt of
Carbon.

Image Dave Bice, CC BY NC SA 3.0, accessed:
https://serc.carleton.edu/integrate/teaching_materials/earth_modeling/student_materials/unit9_article1.html
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This diagram includes the processes between reservoirs.

Image Dave Bice, CC BY NC SA 3.0, accessed:
https://serc.carleton.edu/integrate/teaching_materials/earth_modeling/student_materials/unit9_article1.html
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The numbers on the (black) arrows are balanced into and out of each reservoir.
This means that the carbon cycle is in a steady state (or would be without the red arrows).

Image Dave Bice, CC BY NC SA 3.0, accessed:
https://serc.carleton.edu/integrate/teaching_materials/earth_modeling/student_materials/unit9_article1.html
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Residence time can be calculated for any of the reservoirs:
This means that a carbon
atom may take approx. 5
years to move through
the shallow ocean

in reservoir
Residence timeAmount
=
flows in or out
So for surface oceans:

__970 Gt
=
196.2 Gt/yr

= 4.94 years
In to surface oceans:
90
ocean – atmosphere diffusion
0.6
runoff
105.6
upwelling
196.2
TOTAL
Or Out of surface oceans:
90
ocean – atmosphere diffusion
96.2
downwelling
10
Ocean biota
196.2
TOTAL

Image Dave Bice, CC BY NC SA 3.0, accessed:
https://serc.carleton.edu/integrate/teaching_materials/earth_modeling/student_materials/unit9_article1.html
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The residence time for the atmosphere is

750
190

= 3.9 years

Image Dave Bice, CC BY NC SA 3.0, accessed:
https://serc.carleton.edu/integrate/teaching_materials/earth_modeling/student_materials/unit9_article1.html
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Image Dave Bice, CC BY NC SA 3.0, accessed:
https://serc.carleton.edu/integrate/teaching_materials/earth_modeling/student_materials/unit9_article1.html
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The residence time for sedimentary rocks is

50 000 000 = 83 333 333 years
0.6

Some parts of
the carbon
cycle can move
quickly and
respond to
changes away
from the stable
state.

Image Dave Bice, CC BY NC SA 3.0, accessed:
https://serc.carleton.edu/integrate/teaching_materials/earth_modeling/student_materials/unit9_article1.html
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Historically, calcium carbonate rich sediments have buffered ocean chemistrybut this a slow process taking tens of thousands of years.

Modelled %
CO2 remaining
in the
atmosphere,
following an
instantaneous
CO2 pulse in
year 0.

Image: from Ciais, P., C. Sabine, G. Bala, L. Bopp, V. Brovkin, J. Canadell, A. Chhabra, R. DeFries, J. Galloway, M. Heimann, C. Jones, C. Le
Quéré, R.B. Myneni, S. Piao and P. Thornton, 2013: Carbon and Other Biogeochemical Cycles. In: Climate Change 2013: The Physical Science
Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D.
Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, pp. 465–570, doi:10.1017/CBO9781107415324.015.
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The geological component of the carbon cycle include weathering and dissolution,
precipitation of minerals, burial and subduction and volcanic eruption.

Atmospheric CO2 reacts with
water vapour, creating dilute
carbonic acid, which causes
chemical weathering.
Minerals are transported
through streams and rivers
to the ocean, where CaCO3
can precipitate and form
limestone sediments.
https://youtu.be/F9RoQBEeB8E
The Geologic Carbon Cycle

YouTube video by biointeractive, available: https://youtu.be/F9RoQBEeB8E
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Seafloor spreading pushes the seafloor under continental margins, deep into the Earth where
carbonate rich sediments melt releasing CO2 through hotsprings, seeps, vents or volcanic eruptions.
The processes of weathering, subduction and volcanism control atmospheric CO2 concentrations over
time periods of hundreds of millions of years.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA Volcano
Copyright AAP
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T 111 C02, temperature and
pH

Adam Richmond
Page 1219

Syllabus statement
At the end of this topic you should be able to ...

Recognise
that increases in atmospheric carbon dioxide influences both global temperature and
ocean pH

Page 1220

Recognise
• identify or recall particular features of information from knowledge;
• identify that an item, characteristic or quality exists;
• perceive as existing or true; be aware of or acknowledge

Identify - distinguish; locate, recognise and name;
establish or indicate who or what someone or
something is; provide an answer from a number of
possibilities; recognise and state a distinguishing
factor or feature.
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Objectives
• Describe how an increase in atmospheric CO2 concentrations can
affect global temperature
• Describe how atmospheric CO2 concentrations can affect ocean
pH
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This YouTube video introduces how CO2 affects global temperatures and ocean pH
https://youtu.be/lWEvBLlUa2E

How Carbon Affects Nearly Everything on Earth – Including Our Future
YouTube video by Smithsonian's National Museum of Natural History, available: https://youtu.be/lWEvBLlUa2E
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Review this YouTube video for an explanation of human impacts affecting changes in the ocean.
https://youtu.be/IPiQb717enY

Global human impacts

YouTube video by Uqx Tropical Coastal Ecosystems, Available: https://youtu.be/IPiQb717enY
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Atmospheric CO2 concentrations
The amount of carbon dioxide in
Earth’s atmosphere is increasing.
In May 2019, the monthly average
concentration of CO2 reached a
record high of 414.7 ppm.
The red line shows the mean
monthly concentration of CO2.
The black line shows the trend
corrected for seasonal
variations.
Copyright NOAA. May be used under Creative Commons CC 3.0 BY-SA

To find out what the value is right now, visit:
https://www.co2.earth
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This image is from September 2019.
The red line has dipped since May
2019, but the black line has
continued to rise.

You can find the most up to
date average CO2 monthly
mean graphs here:
https://www.esrl.noaa.gov/
gmd/ccgg/trends/
Copyright NOAA. May be used under Creative Commons CC 3.0 BY-SA
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This graph is called a “Keeling
Curve” after Charles David
Keeling, the scientist who
obtained the funding to install
gas analysers at remote
locations.
The black line has continually
risen since the first reading in
1958.
The wriggly red line shows the
seasonal variations.
Copyright NOAA. May be used under Creative Commons CC 3.0 BY-SA
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Since 1980 NOAA has recorded CO2
at sea level from a network of global
sites.
The CO2 concentration at Mauna Loa
and the global mean show the same
trend.

More detail about how this
global monthly mean can be
found here:

Copyright NOAA. May be used under Creative Commons CC 3.0 BY-SA

https://www.esrl.noaa.gov/gmd/ccgg/a
bout/global_means.html

Image : NOAA
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This map shows the temperature anomalies 2018- which was the fourth warmest year on
record (since 1880).
The warmest years were 2016, 2017 and 2015.

Image: NASA, https://earthobservatory.nasa.gov/world-of-change/DecadalTemp/show-all
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This map shows the temperature anomalies for 2005-14 for various regions,
compared to a 30 year average (1951-1980) baseline.
This shows that most of the planet is hotter than it was when your teacher was your age.

Image: NASA, https://earthobservatory.nasa.gov/world-of-change/DecadalTemp/show-all
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This graph shows the temperature anomaly as recorded by 4 different agencies:
The pattern shows some variations, but the peaks and valleys are synchronized.
All show rapid warming in the last few decades, and the last decade is the warmest.

By NASA Attribution 4.0 International (CC BY 4.0)
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This graph shows the temperature anomaly in relation to El Niño or La Niña events, which can
skew temperatures in any one year
The pattern shows that annual temperature is rising in El Niño and La Niña years.

By NASA Attribution 4.0 International (CC BY 4.0)
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This image on the left is shows the global monthly temperature for 1880- 2018.
See the link below to see it online.
The global average is warmer in our (southern hemisphere) winter, as most of Earth’s
landmass is in the northern hemisphere.
https://eoimages.gsfc.nasa.gov/images/imagerecord
s/144000/144510/monthlyanoms_gis_2018.gif

Image: NASA. Available: https://eoimages.gsfc.nasa.gov/images/imagerecords/144000/144510/monthlyanoms_gis_2018.gif
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Bubbles of air trapped in glaciers provide evidence of changing temperature before:
The negative anomalies show ice ages and the positive anomalies show warm periods.
It has been warmer before, but the rate of temperature increase is unprecedented

Image: NASA graph by Robert Simmon, based on data from Jouzel et al., 2007. Available: https://earthobservatory.nasa.gov/features/GlobalWarming/page3.php
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Earth’s global temperature has increased by 0.7oC this past century.
Historical change since the last ice age has been 4-7 degrees over 5000 years
Climate scientists predict that the global temperature will increase by 2 – 6oC in the next century
This graph compares modern recorded data (blue) and reconstructed temperature
records, with uncertainty

Image: NASA graph by Robert Simmon, based on data from Jouzel et al., 2007. Available: https://earthobservatory.nasa.gov/features/GlobalWarming/page3.php
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Levels of carbon dioxide in the atmosphere have corresponded closely with temperature
over the past 800,000 years.
Variations in Earth’s orbit trigger temperature changes, which increase CO2 levels, which in
turn warm the Earth.

Image: NASA by Robert Simmon, using data from Lüthi et al., 2008, and Jouzel et al., 2007. Available: https://earthobservatory.nasa.gov/features/CarbonCycle
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There is a correlation between
CO2 concentration and global
temperature.
CO2 is the most important gas for
controlling Earth’s temperaturecontributing 20% of Earth’s
Greenhouse effect.
Water vapour contributes 50%;
clouds account for 25%; the
other 5% is from aerosols,
methane and other minor
greenhouse gases.

Image: NASA, by Robert Simmon, using CO2 data from the NOAA Earth System Research Laboratory and
temperature data from the Goddard Institute for Space Studies.
Available: https://earthobservatory.nasa.gov/features/CarbonCycle
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Carbon dioxide concentrations
drive temperature changes, which
influences the amount of water
vapour in the atmosphere!

Image: NOAA, available: https://upload.wikimedia.org/wikipedia/en/1/13/Global-temp-and-co21880-2009.gif
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The oceans cover most of the planet and have absorbed 93 % of the stored heat since 1071.

Image: © Climate Central. Available: https://www.climatecentral.org/gallery/graphics/wheres-the-heat-check-the-oceans
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The extra heat stored in
the ocean stabilises the
Earth’s climate system.
However, this heat will
eventually be releasedmelting ice shelves,
evaporating water or
reheating the atmosphere.

Image: NOAA, https://www.nodc.noaa.gov/OC5/3M_HEAT_CONTENT/heat_content700m2000myr.png
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This graph shows the measured
atmospheric CO2 (red) at
Mauna Loa, the dissolved CO2
concentration (green) and pH
(blue) of seawater at the
nearby ALOHA station in the
Pacific Ocean.
There is a direct correlation
between rising levels of CO2
in the atmosphere with
rising CO2 levels dissolved in
the seawater.
As more CO2 accumulates in
the ocean, the pH of the
ocean decreases.

Image: NOAA, https://www.pmel.noaa.gov/co2/files/co2_time_series_aloha_06-11-2019.jpg
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The relationship between dissolved carbon dioxide and pH is represented below.
The solid lines reflect the pattern shown on the previous slide and are based on
measured data. The dotted lines are a projection.

Image: © Climate Central, available: https://assets.climatecentral.org/images/uploads/gallery/2015OceanAcidification_CO2Graph_web.jpg
Copyright permission: https://www.climatecentral.org/what-we-do/legal#terms_of_use
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This figure shows the change in
carbon chemistry relative to
preindustrial carbon dioxide.

The predictions below the CO2
projections show the modelled
calculations of ocean pH
allowing for the buffering
effects carbonate system.

Image: NOAA,
https://www.pmel.noaa.gov/co2/f
iles/atmosphere1.png
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Worksheet
111
Disrupting
Nature’s
Balance
by
Gail Riches
www.marineeducation.com.au
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T112 C02 and ocean chemistry

Adam Richmond
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Syllabus statement.
At the end of this topic you should be able to ...

Describe
sources of carbon dioxide in the atmosphere and how this
influences ocean chemistry
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Describe
• give an account (written or spoken) of a situation, event, pattern or
process, or of the characteristics or features of something
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Objective
Describe an anthropogenic source of CO2 in the atmosphere.
Describe the effect of increased atmospheric CO2 on ocean chemistry
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Remember the carbon cycle
The simplified
carbon cycle
diagram shows
how carbon
moves between
the atmosphere,
land, ocean and
sediments.

Image:Carbon_cycle-cute_diagram.jpeg: User Kevin Saff on en.wikipediaDerivative work: FischX [Public domain]
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CO2 enters the atmosphere through naturally through respiration, volcanism, and
ocean-atmosphere exchange.

Image Dave Bice, CC BY NC SA 3.0, accessed:
https://serc.carleton.edu/integrate/teaching_materials/earth_modeling/student_materials/unit9_article1.html
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The carbon cycle in T 110 was in a steady state except for that produced by human activities.

Image Dave Bice, CC BY NC SA 3.0, accessed:
https://serc.carleton.edu/integrate/teaching_materials/earth_modeling/student_materials/unit9_article1.html
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Atmospheric CO2 levels have been relatively stable for most of the last 2000 years …

Until the Industrial
revolution, when
humans started
burning fossil fuels
and clearing land
for agriculture

Image: Hannah Ritchie and Max Roser (2019) - "CO₂ and Greenhouse Gas Emissions". Published online at OurWorldInData.org.
Retrieved from: https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions [Online Resource]
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Atmospheric CO2 levels haven’t been this high for 800000 years

Atmospheric CO2 concentrations from 800,000 years ago to around year 0, and for the last 2017
years, from measurements of air in Antarctic ice cores and at Cape Grim.
Image: © Commonwealth of Australia 2019, Bureau of Meteorology. CC 3.0, accessed:
http://www.bom.gov.au/state-of-the-climate/greenhouse-gas-levels.shtml
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Ever since your parents have been alive, CO2 in the atmosphere has been increasing

Image: Hannah Ritchie and Max Roser (2019) - "CO₂ and Greenhouse Gas Emissions". Published online at OurWorldInData.org.
Retrieved from: https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions [Online Resource]
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There are seasonal fluctuations caused by seasons, but the trend is steadily upwards

Image: © Commonwealth of Australia 2019, Bureau of Meteorology. CC 3.0, accessed: http://www.bom.gov.au/state-ofthe-climate/greenhouse-gas-levels.shtml
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This YouTube video visualises the annual fluctuations in atmospheric CO2 concentrations.
https://youtu.be/x1SgmFa0r04
This model was
created in 2006:
note the CO2
concentrations!
What are they now?

A Year in the Life of Earth's CO2

YouTube video by NASA Goddard. Available: https://youtu.be/x1SgmFa0r04
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CO2 is the major greenhouse gas. Atmospheric CO2 concentrations are now above 400ppm.
When the radiative forcing (warming effect) of other greenhouses gases are considered the
equivalent CO2 is over 500ppm.

Image: © Commonwealth of Australia 2019, Bureau of Meteorology. CC 3.0, accessed: http://www.bom.gov.au/state-of-theclimate/greenhouse-gas-levels.shtml
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This map models CO2 emissions by country since 1751.

You can see an
interactive version
here:
https://ourworldinda
ta.org/co2-andother-greenhousegas-emissions

Image: Hannah Ritchie and Max Roser (2019) - "CO₂ and Greenhouse Gas Emissions". Published online at OurWorldInData.org.
Retrieved from: https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions [Online Resource]
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This screenshot from the interactive chart of CO2 emissions shows that the US has been the
biggest emitter since 1751.

Image: Hannah Ritchie and Max Roser (2019) - "CO₂ and Greenhouse Gas Emissions". Published online at OurWorldInData.org.
Retrieved from: https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions [Online Resource]
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This map
shows annual
CO2 emissions
for 2016.
China was the
biggest
emitter in
2016.

Image: Hannah Ritchie and Max Roser (2019) - "CO₂ and Greenhouse Gas Emissions". Published online at OurWorldInData.org.
Retrieved from: https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions [Online Resource]
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This map
shows annual
CO2 emissions
per capita

Australia’s emission
per capita make us
one of the worlds
biggest emitters of
CO2

Image: Hannah Ritchie and Max Roser (2019) - "CO₂ and Greenhouse Gas Emissions". Published online at OurWorldInData.org.
Retrieved from: https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions [Online Resource]
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World leaders met at the 2019 UN Climate Action Summit.
Young Swedish environmental activist Greta Thunberg, addressed world
leaders making a passionate plea for action on climate change .
https://youtu.be/KAJsdgTPJpU

Greta Thunberg's full speech to world leaders at UN Climate Action Summit
YouTube video by PBS Newshour. Available https://youtu.be/KAJsdgTPJpU
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Most of the annual CO2 emissions come from burning coal, oil and gas

Image: Hannah Ritchie and Max Roser (2019) - "CO₂ and Greenhouse Gas Emissions". Published online at OurWorldInData.org.
Retrieved from: https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions [Online Resource]
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Most of these emissions are from the energy and transport sectors.
Ride your bike to
school

Convince your
teachers to turn
off the air
conditioners and
lights when you
leave the
classroom.

Image: Hannah Ritchie and Max Roser (2019) - "CO₂ and Greenhouse Gas Emissions". Published online at OurWorldInData.org.
Retrieved from: https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions [Online Resource]
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This diagram shows CO2 fluxes in the global carbon budget over the period 1900–2016.
The increase in
CO2 from fossil
fuels and industry
and changes in
land-use
has been
absorbed by the
atmosphere, land
or the ocean

Image: © Commonwealth of Australia 2019, Bureau of Meteorology. CC 3.0, accessed: http://www.bom.gov.au/state-of-theclimate/greenhouse-gas-levels.shtml
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The cumulative contributions to the global carbon budget from 1870 to 2016.
The combined effects
of the sources (red
arrows) and sinks
(green arrows) explain
the increase in
atmospheric
concentration of CO2.
The small remaining carbon
imbalance represents the
gap in the current
understanding and
estimates of sources and
sinks.

Image: © Commonwealth of Australia 2019, Bureau of Meteorology. CC 3.0, accessed: http://www.bom.gov.au/state-of-theclimate/greenhouse-gas-levels.shtml
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This graph shows the cumulative emissions from fossil fuel and net
terrestrial emissions with increases in the atmosphere and ocean.

About 30% of CO2
from burning
fossil fuels has
been absorbed by
the oceans

Image: Figure 2 title cropped, Tans, P. (2009). An Accounting of the Observed Increase in Oceanic and Atmospheric
CO2 and the Outlook for the Future. Oceanography, 22(4), 26-35. doi: 10.5670/oceanog.2009.94, CCBY4.0
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And these emissions are likely to keep growing.

Image: Hannah Ritchie and Max Roser (2019) - "CO₂ and Greenhouse Gas Emissions". Published online at OurWorldInData.org.
Retrieved from: https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions [Online Resource]
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These increased CO2 concentrations have caused changes in average
surface ocean pH (black) and climate forcing (red).
Future predictions are
based on scenarios with
1000GtC (solid line) and
1500GtC (dashed line) of
fossil fuel reserves.

Image: Figure 4, Tans, P. (2009). An Accounting of the Observed Increase in Oceanic and Atmospheric CO2 and the Outlook
for the Future. Oceanography, 22(4), 26-35. doi: 10.5670/oceanog.2009.94, CCBY4.0
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Effects on ocean chemistry
Increased CO2 in the atmosphere:
• Dissolves in seawater creating carbonic acid,
• Carbonic acid dissociates releasing H+ and HCO3- ions
• This reduces the pH of the seawater.

More on Ocean
Acidification next
topic

This also reduces the number of carbonate ions available
and reduces the carbonate saturation of seawater.
Increased CO2 has also led to the increase in sea surface
temperatures, which causes thermal expansion and sea
level rise, disrupted ocean currents and mixing,
stratification, and changes in solubility of dissolved
substances.

Reference
https://ocean.si.edu/ocean-life/invertebrates/ocean-acidification
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Download this infographic here:
http://www.oceanhealthindex.org/methodology/components/ocean-acidification
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Worksheet
112

Source of
Imbalance
by
Gail Riches
www.marineeducation.com.au

Page 1272

T113 Ocean acidification

Adam Richmond
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Syllabus statement
At the end of this topic you should be able to ...

Describe
the effect of ocean acidification on sea water in terms of increasing the concentration
of hydrogen ions decreasing the concentration of carbonate ions
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Describe
• give an account (written or spoken) of a situation, event, pattern or
process, or of the characteristics or features of something
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Objectives
1. Recall that ocean acidification is the “global decrease of ocean pH caused
by the absorption of carbon dioxide by seawater”
2. Describe the process by which carbon dioxide dissolves in seawater and
reduces the amount of carbonate available to marine organisms.
You are not required to recall specific chemical equations
(but it would be a good idea to make sure that you can understand them)
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What the syllabus says
Students should understand that carbon dioxide (CO2) is absorbed from the
atmosphere and bonds with sea water forming carbonic acid. This acid then releases a
bicarbonate ion and a hydrogen ion.
• The hydrogen ion bonds with free carbonate ions in the water forming another
bicarbonate ion.
• That carbonate would otherwise be available to marine animals for making
calcium carbonate shells and skeletons.
• The more dissolved carbon dioxide in the ocean, the less free carbonate ions
available for making calcium carbonate.
If you understood this from T109 pH and carbonates, or if
you study chemistry, this is probably quite straightforward
and you could probably skip to the end of this topic.
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Definition
Ocean acidification is the global decrease of ocean pH
caused by the absorption of carbon dioxide by seawater
Note that the pH of
the ocean does not
become acidic- it
just becomes more
acidic.
The pH is still >7.

A decrease in pH means that the ocean is becoming more acidic
Illustration Bob Moffatt
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Since the start of the
Industrial Revolution, the pH
of the ocean's surface
waters has decreased from
8.21 to 8.10.
A change of 0.1 may not seem
like a lot, but remember the
pH scale is logarithmic- so a 1
unit drop in pH means a
tenfold increase in acidity.
A change of 0.1 means
approximately a 30% increase
in acidity.

Attribution: https://www.climate.gov/news-features/understanding-climate/climate-changeatmospheric-carbon-dioxide Terms see https://www.noaa.gov/foia-freedom-of-information-act
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So how does CO2 in the atmosphere reduce pH I the ocean?
This short YouTube video explains EVERYTHING that you need to know.
https://youtu.be/ObiJIuRYr3g

Watch this a few times
and takes some notes.

Ocean acidification chemistry

YouTube video by Alliance for Climate Education, available: https://youtu.be/ObiJIuRYr3g
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CO2 in the air dissolves in water.
CO2, like most gases, is more soluble
(ie. more dissolves) in colder water
than warm water, more soluble in
freshwater than salt water and more
soluble at higher pressures.

Image: © Engineering ToolBox, (2008). Solubility of Gases in Water. [online] Available at:
https://www.engineeringtoolbox.com/gases-solubility-water-d_1148.html [Accessed 29/09/2019].
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Henry’s Law determines how much gas
dissolves in water.
At a given temperature, the solubility
depends on the pressure or partial pressure
of the gas.
As the CO2 concentration in the atmosphere
increase, so does its partial pressure, and so
more CO2 dissolves.

Soda machines use pressurized CO2 to force
more CO2 to dissolve in the liquid.
Image: EvaK [CC BY-SA 2.5
(https://creativecommons.org/licenses/by-sa/2.5)]
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Some of the dissolved CO2 reacts with water to form carbonic acid.
Most CO2 remains as dissolved CO2 and doesn’t react.
• The amount of dissolved CO2 does not affect pH.
• Carbonic acid does affect pH: More acid = lower pH.

Image: composite from screenshots from YouTube video by Alliance for Climate Education, available: https://youtu.be/ObiJIuRYr3g
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The reaction between CO2 and water to form carbonic acid is reversible.
The ⇌ symbol shows that the reaction can go either way.

⇌
Image: composite from screenshots from YouTube video by Alliance for Climate Education, available: https://youtu.be/ObiJIuRYr3g
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Carbonic acid dissociates (separates) in seawater, forming bicarbonate ions and H+ ions.

It is these H+ ions
that lower the pH
or make the ocean
more “acidic”
Remember that pH
is a measure of the
H+ concentration.

Image: composite from screenshots from YouTube video by Alliance for Climate Education, available: https://youtu.be/ObiJIuRYr3g
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Marine organisms need free carbonate ions to make their calcium carbonate skeletons

Image: screenshot at t= 0.35 from YouTube video by Alliance for Climate Education, available: https://youtu.be/ObiJIuRYr3g
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Excess H+ ions in seawater will react with the carbonate ions to form more bicarbonate ions…

Image: composite from screenshots from YouTube video by Alliance for Climate Education, available: https://youtu.be/ObiJIuRYr3g
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…leaving marine organisms without the carbonate ions they need to make their skeletons.

Image: screenshot at t= 0.44 from YouTube video by Alliance for Climate Education, available: https://youtu.be/ObiJIuRYr3g
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The H+ ions also dissolve existing calcium carbonate structures,
such as coral skeletons and shells.

Image: composite from screenshots from YouTube video by Alliance for Climate Education, available: https://youtu.be/ObiJIuRYr3g
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The proportion of each “species” of carbonate ions varies with pH, and buffers change in pH.
• This is shown on a Bjerrum plot.
As the oceans becomes more acidic, less carbonate is available in the CO32- form that marine
organisms need to build their shells.

Image: Bob Moffatt, after Homan, 1992

Page 1290

You saw a graph like this in T111.
It shows that the CO2
concentration in seawater has
increased alongside the increase
in CO2 in the atmosphere.
The increased dissolved CO2 has
caused a reduction in ocean pH.

Image: Feely, R., Doney, S., & Cooley, S. (2009). Ocean Acidification: Present Conditions and Future Changes in a
High-CO2 World. Oceanography, 22(4), 36-47. doi: 10.5670/oceanog.2009.95 Figure 1. CC 4.0 Available:
https://tos.org/oceanography/assets/docs/22-4_feely.pdf
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The saturation states of calcium
carbonates have decreased at a
similar rate to the pH (below).
The saturation state of calcite is
higher than the saturation state
of aragonite.
You will learn more about the
significance of this in topic 116.

Image: Feely, R., Doney, S., & Cooley, S. (2009). Ocean Acidification:
Present Conditions and Future Changes in a High-CO2
World. Oceanography, 22(4), 36-47. doi: 10.5670/oceanog.2009.95
Figure 1. CC 4.0 Available:
https://tos.org/oceanography/assets/docs/22-4_feely.pdf
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Want to know more?
Download this special issue of
Oceanography: The Future of Ocean
Biogeochemistry in a High-CO2World
here:
https://tos.org/oceanography/issue/volu
me-22-issue-04
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Download this infographic here:
http://www.oceanhealthindex.org/methodology/components/ocean-acidification
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Worksheet
113

Carbonate ion
Count
by
Gail Riches
www.marineeducation.com.au
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T114 Carbonate
compensation depth

Adam Richmond
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Syllabus statement
At the end of this topic you should be able to ...

Explain
how the carbonate compensation depth (CCD) varies due to depth,
location and oceanographic processes such as upwelling and coastal
influences.

Editors note
Note to MTAQ - This should be in year 11 or left to
uni lectures.
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Explain
• make an idea or situation plain or clear by describing it in more detail or
revealing relevant facts; give an account; provide additional information
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Objectives
1. Recall the meaning of “carbonate compensation depth”
2. Explain how the carbonate compensation depth (CCD) varies due to
depth, location (latitude) and oceanographic processes such as upwelling
and coastal influences
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1. The carbonate compensation depth
Watch this 14 minute video
https://www.youtube.com/watch?v=g-RMtaqWH5Q

ALSO Water Encyclopedia:
Carbon dioxide in the ocean
and atmosphere
www.waterencyclopedia.com
/Bi-Ca/Carbon-Dioxide-inthe-Ocean-andAtmosphere.html
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Definitions
The Carbonate compensation depth is the depth at
which the rate of supply of CaCO3 from above and
the dissolution rate are equal.

The carbonate compensation depth, or CCD, is defined as
the water depth at which the rate of supply of calcium
carbonate from the surface is equal to the rate of
dissolution. As long as the ocean floor lies above the CCD,
carbonate particles will accumulate in bottom sediments,
but below, there is no net accumulation.

https://link.springer.com/referenceworkentry/10.100
7%2F1-4020-4496-8_46
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Many organisms,
including corals, need
carbonate ions to form
their shells and
skeletons

Coccolithophores and foraminerans are shell-forming plankton
Image: Allison R Taylor (University of North Carolina Microscopy Facility)
Micrograph of Foraminifera courtesy of Lynn M. Hansen, Great Valley Museum, Modeasto California.
Available: https://serc.carleton.edu/download/images/58436/coccolithophore_foraminifera_s.jpg
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When these organisms die, their shells of CaCO3 sink towards the sea floor.

Illustration: Bob Moffatt
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If the shells make it to
the sea floor, they can
form carbonate or
calcareous ooze, which
can eventually become
limestone cliffs.

Chalk cliffsCaCO3
sediment

By Immanuel Giel - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=25365041
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Shells that reach the sea floor at
shallow depths remain in the
sediment.
Those that fall into the deep ocean
can dissolve on the way down, or
reach the sea floor and then
dissolve.
Field experiments show that the
shells of foraminera can sink to
depths up to 3 km without any
noticeable dissolution, but have
dissolved at 5 km.
Bob Moffatt. Dissolution profile of plankton forms based on field experiments. (After W.H.Berger, 1976)
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The depth at which shells in the
sediment start to dissolve is called the
lysocline.
It is a critical depth at which the
dissolution rate increases rapidly.
The lysocline for calcite is usually
around 3.5 km.

Modified from
http://geology.uprm.edu/MorelockSite/morelockonline/8_image/lysoc.gif
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Calcium carbonate solubility
at depth
This diagram shows the saturation
curves for aragonite and calcite.
Aragonite is to the right, since it is
more soluble than calcite.

Adapted and redrawn from
http://people.uncw.edu/grindlayn/GLY550
/MarineBioGeoChemCyclesCH3.pdf
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The blue data points show measured CO3
concentrations from water samples
collected in the Atlantic Ocean.
Water shallower than 3000m is supersaturated with carbonate ions.

Adapted from
http://people.uncw.edu/grindlayn/GLY5
50/MarineBioGeoChemCyclesCH3.pdf
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Calcium carbonate solubility at depth
The Aragonite saturation horizon is the depth
at which the water is no longer saturated
with CO3. Below this depth Aragonite shells
will start to dissolve.
An aragonite shell at 3500m will be starting
to dissolve.
This is similar to the lysocline, but can occur
in open water.

Adapted from
http://people.uncw.edu/grindlayn/GLY5
50/MarineBioGeoChemCyclesCH3.pdf
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The calcite saturation horizon is the point
where seawater is no longer saturated with
calcite - and calcite shells will begin to
dissolve.
This is deeper than the aragonite
saturation horizon because calcite is less
soluble.

Adapted from
http://people.uncw.edu/grindlayn/GLY5
50/MarineBioGeoChemCyclesCH3.pdf

Page 1310

Definition

Carbonate compensation depth
“The Carbonate compensation depth is the
depth at which the rate of supply of CaCO3 from
above and the dissolution rate are equal.
Below this depth, CaCO3 is generally not
preserved in surface sediments.”
https://en.wikipedia.org/wiki/Carbonate_co
mpensation_depth

After Peterson & Prell, 1985 Carbonate dissolution in Recent sediments of the
eastern equatorial Indian Ocean: Preservation patterns and carbonate loss
above the lysoclineAuthor links open overlay panel L.C.Peterson W.L.Prell
Marine GeologyVolume 64, Issues 3–4, April 1985, Pages 259-290
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Question
Approximately 20% of calcium carbonate produced in the
ocean falls onto portions of the sea floor above the
carbonate saturation horizon.
The remainder, which falls below the horizon, would be
(A) saturated.
(B) dissolved.
(C) preserved.
(D) accumulated.
Answer is b

Public
exam
Paper 1
M/c Q 6
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2. How carbonate compensation
depth (CCD) varies due to
a) Depth
b) location and
c) oceanographic processes such as
i. upwellings and
ii. coastal influences

Editors note
Note to MTAQ - This should be in year 11 or left to
uni lectures.
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A. Depth
These maps show estimated saturations
depths for aragonite (a) and calcite (b), based
on measurements of dissolved organic carbon
and total alkalinity.
CaCO3 saturation depths become shallower
heading from south to north, and from west to
east.

Image: © American Geophysical union. Reproduced with
permission. Feely, R., Sabine, C., Lee, K., Millero, F., Lamb, M., &
Greeley, D. et al. (2002). In situ calcium carbonate dissolution in
the Pacific Ocean. Global Biogeochemical Cycles, 16(4), 91-1-9112. doi: 10.1029/2002gb001866.
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Calcite compensation depths are at different depths in different locations.

Image: Yool, A., Popova, E., & Anderson, T. (2013). MEDUSA-2.0: an intermediate complexity biogeochemical model of the marine carbon cycle for climate change and ocean
acidification studies. Geoscientific Model Development Discussions, 6(1), 1259-1365. doi: 10.5194/gmdd-6-1259-2013. CCBY 4.0
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Example 1.
Argonite and calcite saturation
depths have decreased in the
past 400 years.

Image: © American Geophysical union. Reproduced with
permission. Feely, R., Sabine, C., Lee, K., Millero, F., Lamb,
M., & Greeley, D. et al. (2002). In situ calcium carbonate
dissolution in the Pacific Ocean. Global Biogeochemical
Cycles, 16(4), 91-1-91-12. doi: 10.1029/2002gb001866.

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2002GB001866
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Example 2.
The water below the red line is undersaturated with respect to
aragonite.

The figure provides a look at the pH of the water sampled at different depths along transect line 5 near the border of
Oregon and California. The water upwelling onto the continental shelf recorded lower pH levels than water samples
collected farther away from the shelf. The water below the red line was undersaturated with respect to aragonite, a
common type of calcium carbonate used in shell-building.
https://www.climate.gov/news-features/features/upwelling-crisis-ocean-acidification. CC
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B. Location (latitude)
Example 1.
The depth of the lower
boundary of the CCD
depends on latitude.
In areas adjacent to polar
areas
• the depth of the CCD is
shallowest, (150 - 200m)
for calcite and
• not more than 100m for
aragonite.
Lerman, A. & Mackenzie, F.T. Aquat Geochem (2006) 12: 389. https://doi.org/10.1007/s10498-006-9003-7
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Reasons include the high ventilation of deep Atlantic waters. This is because strong deep and
bottom currents of the Arctic Ocean support his region with a large amount of cold water
relatively depleted in carbon dioxide in contrast with the circulation patters of the northern
areas the Pacific where inflows of cold arctic waters are absent.
This is the reason for relatively high rates of CO2 accumulation in deep waters.

Reference
https://books.google.com.au/books?id=Hpv0231KYMQC&pg=PA345&lpg=PA345&dq=why+does+the+The+depth+of+the+lower+boundary+of+the+CCD+depends+on+latitude&so
urce=bl&ots=9nDEyueEBx&sig=ACfU3U2Y1xQIhirDxXAEkMSJ93zIJ3qhg&hl=en&sa=X&ved=2ahUKEwiBtO3o6oblAhUr7HMBHfhpBb4Q6AEwCnoECAkQAQ#v=onepage&q=why%20does%20the%20The%20depth%20of%20the%20lower%20bounda
ry%20of%20the%20CCD%20depends%20on%20latitude&f=false
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Example 2. Latitude effect and upwellings
The calcium carbonate
compensation depth
beneath the temperate and
tropical Atlantic is
approximately 5,000 m
deep, while in the Pacific, it
is shallower, (because it has
more CO2) about 4,2004,500 m, except beneath
the equatorial upwelling
zone, where the CCD is
about 5,000 m.
Figure from Geology Cafe.com (Oceanography 101). Higher CaCO3 production rates from near-surface
organisms at lower latitudes push the lysocline and CCD to deeper water depths.

The CCD in the Indian Ocean is intermediate between the Atlantic
and the Pacific. The CCD is relatively shallow in high latitudes.
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Example 3. Different oceans

From

https://www.slideshare.net/omaratefradwan/mse502-ccdtd-radwan-35074812
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C. Oceanographic processes
(i) Upwellings
At upwelling zones:
Some of the productivity in these
waters is caused by diatoms, which fix
organic matter and produce SiO2 tests.
• The numbers of respiring organisms
increase beneath upwelling zones,
lowering the seawater pH via
respiration of (CH2O)n.
• This occurs without much increase in
CaCO3 flux, resulting in a shallower
CCD than we’d otherwise predict.

https://www.climate.gov/news-features/features/upwelling-crisis-ocean-acidification
CC webpage, image showing upwelling - displaced surface waters are replaced by cold, nutrient-rich
water that wells up from below. NOAA/OER image courtesy of Sanctuary Quest 2002.
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(ii) Coastal influences
Continental shelf causes upwelling
of “corrosive” acidified water- so
the aragonite saturation horizon
reaches the surface in some places
on the continental shelf.

Image from: NOAA

Reference

https://www.pmel.noaa.gov/co2/file/Depth+of+aragonite+saturation+horizon
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(iii) Input from rivers can
affect the CCD
Imagine for instance that the input
of CaCO3 from the rivers doubles because
of more intense weathering on
continents.
The alkalinity of the ocean will increase.
As a consequence the [CO32-] will increase
and the saturation horizon will fall.
The fraction of the ocean floor which is in
contact with undersaturated waters will
increase.
This would lead to a higher accumulation
of CaCO3 in sediment and thus a larger
net flux of CaCO3 from the ocean to the
sediment.

Reference:
http://www.climate.be/textbook/chapter4_node11.xml
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https://www.slideshare.net/omaratefradwan/mse502-ccdtd-radwan-35074812 Slide 21

You can read his full slide set at

https://www.slideshare.net/omaratefradwan/mse502-ccdtd-radwan-35074812
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Worksheet
114

Ooze Clues
by
Gail Riches
www.marineeducation.com.au
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T115 Oceans C02 capacity

Adam Richmond
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Syllabus statement
At the end of this topic you should be able to ...

Understand
that the ocean’s capacity to absorb carbon dioxide is changing and is linked to
temperature (uptake) and changes in primary productivity (storage, e.g. biological
pump).
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Understand
• perceive what is meant by something; grasp;
• be familiar with (e.g. an idea);
• construct meaning from messages, including oral, written and graphic
communication
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Objectives
1. Describe the relationship between pCO2, global
temperatures and surface ocean stratification
2. Describe the effect on nutrient input or light availability’
3. Describe the effect on photosynthetic rates of marine
biota

Note:
Acceptable effects on nutrient input or light availability
include
- reduced nutrient from deeper layers
- increased light availability / irradiance
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Definition - pCO2
The pCO2 is the partial pressure of carbon dioxide (CO2),
and used in oceanography to describe the partial pressure
of CO2 in the ocean, and in underwater diving to describe
the partial pressure in a breathing gas.
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Changes in the ocean’s
capacity to absorb
carbon dioxide
Oceans have a large capacity to absorb CO2.
Carbon dioxide in the atmosphere
diffuses into the ocean.
Some of these CO2 molecules soon
diffuse back into the atmosphere.
Some carbon can stay in the ocean
for hundreds to thousands of years.
Carbon that makes it into the
sediment can be stored for millions
of years.

The ocean carbon cycle

Image credit: Oak Ridge National Laboratory, via Down to the Deep - The Ocean's Biological Pump.
(2019). Retrieved 27 September 2019, from https://serc.carleton.edu/eslabs/carbon/6a.html CC BYNC-SA 3.0
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CO2 diffuses into the ocean carbon cycle via the air-sea surface exchange
CO2 molecules enter the
ocean by diffusing into
the sea surface waters
and dissolving- a physiochemical process.
The amount of CO2 that
diffuses and dissolves in
the sea surface water
depends on variables
such as wind, sea surface
mixing, concentrations
of CO2 and the
temperature of the
water.

Reference: Down to the Deep - The Ocean's Biological Pump.
(2019). Retrieved 27 September 2019, from
https://serc.carleton.edu/eslabs/carbon/6a.html CC BY-NC-SA
3.0

Average monthy Ocean CO2 flux
Image: IPCC 2007
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Purple to blue colours indicate areas of the ocean where more CO2 is diffusing into sea surface
water than is diffusing from sea surface water out to the atmosphere.

Thus, these areas are
acting as a carbon sink.

Average monthy Ocean CO2 flux
Image: IPCC 2007

Reference: Down to the Deep - The Ocean's Biological Pump.
(2019). Retrieved 27 September 2019, from
https://serc.carleton.edu/eslabs/carbon/6a.html CC BY-NC-SA
3.0
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Green colours indicate that the movement of CO2 into and out of the ocean is fairly equal.
Yellow to red colours indicate
areas of the ocean where
more more CO2 is diffusing out
to the atmosphere than is
diffusing into sea surface
water.
Thus, this area is acting as a
carbon source to the
atmosphere.

Average monthy Ocean CO2 flux

Image: IPCC 2007

Reference: Down to the Deep - The Ocean's Biological Pump.
(2019). Retrieved 27 September 2019, from
https://serc.carleton.edu/eslabs/carbon/6a.html CC BY-NC-SA
3.0
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Which areas of the ocean are
absorbing more CO2 from the air?
Which general areas of the oceans
have low amounts of CO2 diffusing
into sea surface waters?
Which areas are important carbon
sinks?

More CO2 diffuses
and dissolves in
colder sea surface
water and less
CO2 diffuses and
dissolves in warmer
water.

Reference: Down to the Deep - The Ocean's Biological Pump.
(2019). Retrieved 27 September 2019, from
https://serc.carleton.edu/eslabs/carbon/6a.html CC BY-NC-SA
3.0

Average monthy Ocean CO2 flux

Image: IPCC 2007
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Once dissolved in surface seawater, CO2 can enter into the ocean
carbon cycle through three different mechanisms:
1. The physical carbon pump (sometimes called the solubility
pump)
2. The biological carbon pump
3. The carbonate pump

Reference: Down to the Deep - The Ocean's Biological Pump. (2019).
Retrieved 27 September 2019, from
https://serc.carleton.edu/eslabs/carbon/6a.html CC BY-NC-SA 3.0
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1.The physical carbon pump
In the physical carbon pump, carbon compounds can be transported to different parts of the
ocean in downwelling and upwelling currents

Downwelling currents occur
where cold, denser water
sinks.
These downwelling currents
bring dissolved CO2 down to
the deep ocean.
Once there, the CO2 moves
into slow-moving deep ocean
currents staying there for
hundreds of years.

Reference: Down to the Deep - The Ocean's Biological
Pump. (2019). Retrieved 27 September 2019, from
https://serc.carleton.edu/eslabs/carbon/6a.html CC
BY-NC-SA 3.0

Image: Candace Dunlap, CC BY-NC-SA3.0
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Eventually, these deep ocean currents return to the surface through upwelling.
Many upwelling currents occur along coastlines.
• When upwelling currents bring deep, cold ocean water to the
surface, the water warms and some of the dissolved CO2 is
released back into the atmosphere.

Image: NOAA, https://oceanservice.noaa.gov/facts/upwelling.jpg
Reference: Down to the Deep - The Ocean's Biological Pump. (2019). Retrieved 27 September 2019, from https://serc.carleton.edu/eslabs/carbon/6a.html CC BY-NC-SA 3.0
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Downwelling and upwelling currents are important components of the deep ocean
conveyor belt and are important in physically transporting nutrients and carbon
compounds to different parts of the oceans.

How could a CO2 molecule that
diffuses into the ocean in the
North Atlantic ocean diffuse into
the atmosphere off the eastern
coast of Africa hundreds of years
later?

The Ocean conveyor belt of deep ocean and surface currents
IMage: NASA

Reference: Down to the Deep - The Ocean's Biological
Pump. (2019). Retrieved 27 September 2019, from
https://serc.carleton.edu/eslabs/carbon/6a.html CC
BY-NC-SA 3.0
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This animation shows the movement of water through the Great Ocean conveyor belt:
https://youtu.be/jOVvXDI0KbY

You learned about
the Great Ocean
conveyor belt in
the Oceanography
unit last year.

Thermohaline circulation

You Tube video by NASA Scientific Visualization Studio, available: https://youtu.be/jOVvXDI0KbY
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2. The biological carbon pump
The oceanic biological
carbon pump is driven by
organisms that live in the
ocean.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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The biological pump plays a
major role in:
• transforming carbon
compounds into new
forms of carbon
compounds
• moving carbon
throughout the ocean
• moving carbon down to
sea floor sediments

Reference: Down to the Deep - The Ocean's
Biological Pump. (2019). Retrieved 27 September
2019, from
https://serc.carleton.edu/eslabs/carbon/6a.html
CC BY-NC-SA 3.0

A simplified oceanic biological pump.
Image: TERC
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Phytoplankton use light energy from the Sun, carbon dioxide, and important ocean nutrients
such as nitrogen, phosphorus, iron and vitamin B, to convert the carbon dioxide and water into
sugars and other carbon compounds.

These carbon
compounds enter the
marine food web and
some carbon
eventually ends up in
deep ocean currents
and seafloor
sediments.

The Ocean’s Green Machines
YouTube video by NASDA Goddard, available:

Reference: Down to the Deep - The
Ocean's Biological Pump. (2019).
Retrieved 27 September 2019, from
https://serc.carleton.edu/eslabs/carbon/6
a.html CC BY-NC-SA 3.0

https://youtu.be/H7sACT0Dx0Q
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Phytoplankton return CO2 to the atmosphere when they respire.
Over 50% of the world's oxygen is produced by phytoplankton.

This image shows average (Northern hemisphere) spring ocean chlorophyll concentrations
(light green) and represents the distribution and abundance of phytoplankton.
Image: NASA
Reference: Down to the Deep - The Ocean's Biological Pump. (2019). Retrieved 27 September 2019, from https://serc.carleton.edu/eslabs/carbon/6a.html CC BY-NC-SA 3.0
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Once in the food web, food web processes such as feeding, producing waste products, dying
and decomposing move carbon down into the twilight and deep zones in the ocean.
When plankton and larger
marine organisms eat,
defecate, die and
decompose, they produce
sinking carbon-containing
particles called marine
snow.

What is Underwater Snow?

Youtube video by Naked Science, available: https://youtu.be/r8rSC9mX328

Reference: Down to the Deep - The Ocean's Biological Pump.
(2019). Retrieved 27 September 2019, from
https://serc.carleton.edu/eslabs/carbon/6a.html CC BY-NCSA 3.0

Page 1346

The carbonate pump is the removal of CO2 from the atmosphere by organisms such as
coccolithophores, to make calcium carbonate shells.
If these shells make it to the sea floor, they can store carbon for millions of years.

The Ocean Carbonate chemistry system
Image: WHOI, public domain

Reference: Down to the Deep - The Ocean's Biological Pump. (2019).
Retrieved 27 September 2019, from
https://serc.carleton.edu/eslabs/carbon/6a.html CC BY-NC-SA 3.0

Electron micrograph of a coccolithophore
Image: Photo by NEON ja, colored by Richard Bartz [CC BY-SA 2.5
(https://creativecommons.org/licenses/by-sa/2.5)]
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NOAA have created some interactive datasets
that help you to see changes in the CO2
exchange between the atmosphere and the
ocean, from 1860 – 2090. Future emissions
are modeled using the RCP 8.5 scenario.
Prior to the Industrial Revolution and the
burning of fossil fuels, the net global ocean
flux was slightly positive to offset the
absorption of CO2 from the land plants.
By 2100, much of the global ocean is expected
to be a sink of CO2 from the atmosphere.
(green in the video)

Use this link to visit the dataset:
https://sos.noaa.gov/videos/co2_flux_400.mp4
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As atmospheric CO2 increases, the
interaction with the surface ocean
will change the chemistry of the
seawater resulting in ocean
acidification.

Image: NOAA,

https://www.pmel.noaa.gov/co2/file/carbon+chemistry++
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3. Carbonate pump
The carbonate pump, sometimes called the carbonate counter pump, starts with marine
organisms at the ocean's surface producing particulate inorganic carbon (PIC) in the
form of calcium carbonate (calcite or aragonite, CaCO3).

This CaCO3 is what forms hard body
parts like shells.
The formation of these shells
decreases atmospheric CO2 due to the
production of CaCO3
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Coccolithophores, a nearly
ubiquitous group of
phytoplankton that produce
shells of calcium carbonate, are
the dominant contributors to
the carbonate pump.

By Photo by NEON ja, colored by Richard Bartz - Own work, CC
BY-SA 2.5,
https://commons.wikimedia.org/w/index.php?curid=6072505
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Due to their abundance, coccolithophores have significant
implications on carbonate chemistry, in the surface waters they
inhabit and in the ocean below
They provide a large mechanism for the downward transport of
CaCO3.

The air-sea CO2 flux induced by a marine
biological community can be determined by the rain
ratio - the proportion of carbon from calcium
carbonate compared to that from organic carbon in
particulate matter sinking to the ocean floor,
(PIC/POC).*

By Richard Lampitt, Jeremy Young, The Natural History
Museum, London - http://planktonnet.awi.de/, CC BY 2.5,
https://commons.wikimedia.org/w/index.php?curid=392
8090

*https://doi.org/10.4319/lo.1975.20.3.0493
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The carbonate pump acts as a negative feedback on
CO2 taken into the ocean by the solubility pump.

The last three slides
have come from wiki –
see reference below

It occurs with lesser magnitude than the solubility
pump.

Read more

https://en.wikipedia.org/wiki/Oceanic_carbon_cycle#cite_note-:5-19
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Queensland marine science syllabus guide

Unit 3 Marine systems connections and change
Topic 2: Changes on the reef

C. Implications for marine systems
Page 1355

T116 Carbonates and shells

Gail Riches
Page 1356

Syllabus statement
At the end of this topic you should be able to ...

Recognise
that the type of carbonate ions and concentration of ions have an implication for the
development of shell-forming and skeletal-forming organisms including hard corals
(Scleractinia), coralline algae, molluscs, plankton and crustaceans
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Recognise (e.g. features)
• identify or recall particular features of information from knowledge;
• identify that an item, characteristic or quality exists;
• perceive as existing or true; be aware of or acknowledge
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Objective
• Understand what is calcium carbonate
• Understand what is aragonite, calcite and vaterite
• Understand what is Ω
• Provide examples of shell-forming and skeletal forming organisms made of
aragonite and how they are predicted to respond to ocean acidification
• Provide examples of shell-forming and skeletal forming organisms made of
calcite and how they are predicted to respond to ocean acidification
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Calcium carbonate (CaCO3) – What is it?
Calcium ions
Ca2+

Carbonate ions
CO32-

Calcium Carbonate
CaCO3

+
The calcium ions and carbonate ions are dissolved in seawater

E.g. coral skeleton
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Calcium – What is it?

•

Calcium is an element on the periodic table (Ca)

•

Calcium ions have a positive charge of 2+
(Group 2 on the Periodic Table)

•

Calcium ions are naturally present in seawater

•

Calcium ions are supplied by weathering

•

Calcium may dissolve from rocks such as
limestone, marble, calcite, dolomite, gypsum,
fluorite and apatite

•

Approximately 1.2% of sea salt in seawater is
comprised of calcium ions

Figure 2: Proportion of salt to sea water (right) and chemical
composition of sea salt. Image source: Hannes Grobe (2000).
Alfred Wegener Institute for Polar and Marine Research,
Bremerhaven, Germany (Creative Commons CC-BY-SA-2.5).
https://www.cs.mcgill.ca/~rwest/wikispeedia/wpcd/images/116/
11695.png.htm
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Carbonate – What is it?

+

x3

•

Carbonate is a combination of one carbon atom and three oxygen atoms

•

Carbonate ions have a negative charge of 2-

•

A variety of different types of positively charged particles can bond to the negatively charged carbonate
(at red arrows) thus creating a variety of different types of carbonate molecules (one of which is CaCO3)

Figure 1: The Lewis structure of a carbonate ion that
has two (long) single bonds to negative oxygen atoms,
and one short double bond to a neutral oxygen. Image
source: https://en.wikipedia.org/wiki/Carbonate

Page 1362

Calcification (to calcify)
Calcium ions
Ca2+

Ca

Carbonate ions
CO32-

Calcium Carbonate
CaCO3

+
Ca

Seawater is supersaturated with dissolved calcium ions and carbonate ions

Ωara > 1

E.g. coral skeleton
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Dissolution (to dissolve)
Calcium ions
Ca2+

Ca

Carbonate ions
CO32-

Calcium Carbonate
CaCO3

+
Ca

Seawater is undersaturated with dissolved calcium ions and carbonate ions

Ωara < 1

E.g. coral skeleton
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There are 3 different types of calcium carbonate
Aragonite
Calcite
Vaterite

Two main types

•

They all have the same formula – CaCO3

•

They differ in the arrangement/organisation of carbon,
oxygen and calcium atoms

Ca
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Aragonite
The arrangement of atoms in aragonite make an orthorhombic shape (you don’t need to remember the shape names)

Common Examples
• Corals
• Pteropods (plankton)
• Halimeda (green algae)

Figure 1: Polymorph of CaCO3 nanoparticle aragonite that occurs as an orthorhombic shape. Image Source: Maleki Dizaj, Solmaz & Barzegar-Jalali, Mohammad & Zarrintan, Mohammad &
Adibkia, Khosro & Lotfipour, Farzaneh. (2015). Calcium carbonate nanoparticles as cancer drug delivery system. Expert opinion on drug delivery. 12. 1-12. 10.1517/17425247.2015.1049530.
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Calcite
The arrangement of atoms in calcite make a trigonal shape (also called rhombohedral).

Common Examples
•
•
•
•

Foraminifera (forams)
Coccolithophores (plankton)
Crustaceans (crabs, etc.)
Echinoderms (sea stars, sea
urchins, etc.)

Figure 1: Polymorph of CaCO3 nanoparticle calcite that occurs as a trigonal. Image Source: Maleki Dizaj, Solmaz & Barzegar-Jalali, Mohammad & Zarrintan, Mohammad & Adibkia,
Khosro & Lotfipour, Farzaneh. (2015). Calcium carbonate nanoparticles as cancer drug delivery system. Expert opinion on drug delivery. 12. 1-12. 10.1517/17425247.2015.1049530.
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Vaterite
The arrangement of atoms in vaterite make a hexagonal shape

Common Examples
Vaterite can be produced as
the first mineral deposits
repairing shell damage in
some aragonite-shelled
molluscs (e.g. gastropods).
However, it is highly soluble
(even moreso than aragonite).

Figure 1: Polymorph of CaCO3 nanoparticle vaterite that occurs as a hexagonal shape. Image Source: Maleki Dizaj, Solmaz & Barzegar-Jalali, Mohammad & Zarrintan, Mohammad & Adibkia,
Khosro & Lotfipour, Farzaneh. (2015). Calcium carbonate nanoparticles as cancer drug delivery system. Expert opinion on drug delivery. 12. 1-12. 10.1517/17425247.2015.1049530.
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The different arrangements of atoms give each type of calcium carbonate
different properties.

Image source: http://www1.lsbu.ac.uk/water/water_descaling.html
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For example, aragonite is more soluble than calcite.
Surface

3000m

Ksp (calcite)

4.3 x 10-7

6.5 x 10-7

Ksp (aragonite)

6.5 x 10-7

9.6 x 10-7

• Ksp is the solubility of a substance at a certain
temperature and pressure (i.e. depth)
• Ksp is also used in the formula to calculate Ω
• If Ksp is high, solubility is high
• If Ksp is low, solubility is low
• Ksp increases (therefore Ω decreases) in deep,
cold water

Dissolution
Figure 1: Vertical profiles of the saturation state of calcite and
aragonite in the Mediterranean Sea. Accessed 2019 from: Chneider,
Anke & Wallace, D.W.R. & Arne, Körtzinger. (2007). Alkalinity of the
Mediterranean Sea. Geophysical Research Letters - GEOPHYS RES
LETT. 34. 10.1029/2006GL028842.
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Organisms of aragonite CaCO3
Coral

Porites lutea. In: Veron J.E.N., Stafford-Smith M.G., Turak E. and DeVantier L.M. (2016). Corals of the World. Accessed
22 September 2019. http://www.coralsoftheworld.org/species_factsheets/species_factsheet_summary/porites-lutea/

Pteropods (sea butterflies)
Pteropods (sea butterllies). https://cosmosmagazine.com/biology/watch-sea-butterflys-flight-through-ocean
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Organisms of calcite CaCO3
Coccolithophores

Foraminifera (forams)

Scanning Electron microscope image of planktonic Foraminifera from the Challenger Collection. Natural History
Museum. UK. Accessed 2019 from: https://naturalhistorymuseum.blog/2019/07/24/endless-forams-transforming-thestudy-of-natural-history-and-training-the-scientists-of-the-future-curator-of-micropalaeontology/

By Alison R. Taylor (University of North Carolina Wilmington Microscopy Facility) - PLoS Biology,
June 2011, Cover ([1]), CC BY 2.5, https://commons.wikimedia.org/w/index.php?curid=15662212
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Just to confuse you, there is also high-Mg calcite
• Magnesium (Mg), like Calcium (Ca), is also in Group 2 on the Periodic Table: positive charge of 2+.
• In high-Mg calcite, calcium ions are replaced by Magnesium ions.
• In high-Mg Calcite, there is a 0-32 mol% of Magnesium substitution for Calcium.
Pure calcite

Mg-calcite
Common Examples
Crustose Coralline Algae (CCA)

Figure 1: Pure calcite vs Mg-calcite. Adapted from: Ihli, J. et al., (2019). Visualization of the effect of
additives on the nanostructures of individual bio-inspired calcite crystals. Chemical Science. Issue 4, 2019.
Accessed 2019 from: https://pubs.rsc.org/en/content/articlelanding/2019/sc/c8sc03733g#!divAbstract

Dissolved magnesium (Mg) in seawater has a strong retarding effect on the rate of crystal growth
of calcite. This effect is due to its incorporation within the calcite crystal structure during growth,
which causes the resulting magnesian calcite to be considerably more soluble than pure calcite.
Berner, R.A. (1975). The role of magnesium in the crystal growth of calcite and aragonite from sea water. Geochimica et Cosmochimica Acta. Vol. 39:4. Pages 489-494, IN3, 495-504
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Organisms of high-Mg calcite
Crustose Coralline algae

Crustose Coralline Algae
(CCA), a form of red algae
made from high-Mg calcite,
are the unsung architects
of coral reefs.
Not only do they
significantly contribute to
reef calcification and
cementation…
…but they also release
chemicals that attract the
larvae of baby corals,
inducing settlement.
Because of the magnesium,
it is more soluble than just
calcite alone.

Crustose Coralline Algae Rhodophyta sp. are made from high-Mg calcite. Photograph: Tom Lindner.
http://tomlindner.com/image.php?gallery=fish&use_taxonomic_names=0&use_phylogenetic_order=1&show_all_names=0&search_string=&search_ignore_c
ase=1&photo_rating=11100&ignore_years=0&start_date=2003-06-14&stop_date=2016-04-08&photo_location=0&photo_category=0&photo_start=1654

Page 1374

Sponges
Corals
Flat Worms
Bryozoans (moss animals)
Branchiopods (shrimp, etc.)
Segmented Worms
Marine Snails etc.
Crustaceans, crabs, etc.
Unsegmented worms
Sea stars, sea urchins, etc.
Fish, mammals, etc.

Plus a whole lot more!

Algae etc.

Adapted from: Lowenstam, H.A. (1981). Minerals formed by organisms. AAAS. Science Vol. 221. Accessed 2019 from: http://www.bio.umass.edu/biology/kunkel/pub/lobster/PDFs/Lowenstam-Sci1981.pdf
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They all need lots of Ca2+ and CO32- to be able to make
their CaCO3 skeletons FAST and STRONG
Ca2+ is always in ample supply J
CO32- can, however, be in short supply L
Particularly when carbon dioxide levels in the
atmosphere get too high and change the chemistry of
the ocean (via ocean acidification).
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Ocean acidification reduces the amount of CO32- ions
Calcium ions
Ca2+

Ca

Carbonate ions
CO32-

Calcium Carbonate
CaCO3

+
Ca

We have
lots of
these!!!

We are worried we
won’t have
enough of these L

?
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Instead of bonding with Ca2+, CO32- bonds with H+
•

Remember, carbonate is a combination of one carbon atom and
three oxygen atoms

•

And remember, carbonate ions have a negative charge of 2-

•

The negative charge of (2-) attracts other positively charged
ions that are nearby. For example, Ca(2+) and H(+).

•

If the pH is high, carbonate ions (2-) bond with calcium ions
(2+) (to make CaCO3) J . This can happen automatically
(precipitation), or in a marine animal (calcification).

•

However, if the pH is low (acidic), carbonate ions (2-) bond with
hydrogen ions (+) instead (and make bicarbonate HCO3- and
carbonic acid H2CO3) L .

•

When carbonate ions bond with hydrogen ions, they no longer
bond with calcium ions (unless the pH rises again reducing the
number of H+ ions in the water).

Figure 1: The Lewis structure of a carbonate ion that has
two (long) single bonds to negative oxygen atoms, and
one short double bond to a neutral oxygen. Image source:
https://en.wikipedia.org/wiki/Carbonate
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pH

Lots of H+ ions

Not many H+ ions

CO2 emissions
Ocean acidification

H

H

H
Ca

Carbonic Acid
(H2CO3)

Bicarbonate ion
(HCO3-)

Calcium carbonate
(CaCO3)
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How do we keep track of the amount of CO32- ions?
• Scientists use the saturation state “Ω” to track the saturation of calcium and
carbonate ions.
• Whereby, if the saturation of dissolved calcium and/or carbonate ions
decreases, Ω decreases too.
• Ω decreases with ocean acidification (drop in pH, due to increase in CO2,
removes carbonate ions)
• Water that is oversaturated with calcium and carbonate ions has a Ω>1.
• Water that is undersaturated with calcium and carbonate ions has a Ω<1.
• Corals get stressed when Ω is less than 3.3.
• Dissolution occurs when Ω is <1.0 (i.e. arrow points left instead of right in
Ca2+ +CO32- <--> CaCO3).
• Ωaragonite is lower than Ωcalcite (different Ksp).
• For example, in locations where Ωaragonite is 3-4, Ωcalcite is 5-6.
• Thus, aragonite is more soluble than calcite. Reefs are made of aragonite.
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Aragonite saturation states and atmospheric CO2 (ppm)

Figure 1: Aragonite saturation state of the surface ocean simulated by the University of Victoria Earth System Model under different atmospheric concentrations of CO2. 280 ppm represents pre-industrial and 394
ppm levels in 2012. Four hundred and fifty ppm is projected to be reached during 2030s under Representative Concentration Pathway (RCP) 4.5, 6.0, and 8.5, and to approach, but not reach 450 ppm, during 2040s under
RCP 2.6 (IPCC 2013). Eight hundred ppm is projected to be reached during 2080s under RCP 8.5 only. Fields are calculated from the model output of dissolved inorganic carbon concentration, alkalinity concentration,
temperature, and salinity, together with the chemistry routine from the OCMIP-3 project. Modified from Figure SM30-2 in Hoegh-Guldberg et al. (2014); reprinted with permission of IPCC AR5). Image: Hoegh-Guldberg,
O., Poloczanska, E.S., Skirving, W. and Dove, S. (2017). Coral Reef Ecosystems under Climate Change and Ocean Acidification. Front. Mar. Sci.. Accessed 2019 from: https://doi.org/10.3389/fmars.2017.00158
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The first ‘victims’ of OA will be those made of aragonite

Pteropods (mollusc)

A Pteropod Limacina helicina commonly known as ‘sea buttlerfly’. Photograph © Alexander Semenov.
Reprinted with permission.

Corals

Favia speciosa variation in corallite shape and colour. Great Barrier Reef, Australia Photograph: Charlie Veron.
In: Veron J.E.N., Stafford-Smith M.G., Turak E. and DeVantier L.M. (2016). Corals of the World. Accessed 23 Sep
2019, version 0.01. http://www.coralsoftheworld.org/species_factsheets/species_factsheet_summary/faviaspeciosa/?version=0.01
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Watch the video
https://www.youtube.com/watch?v=3-40RU3iSkA
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And…those made of high-Mg calcite
A high-Mg calcite containing approximately 11mol% of Magnesium substitution for Calcium has approximately the same solubility as aragonite.

Crustose Coralline Algae

It is predicted that crustose coralline
algae will also be one of the first
victims of ocean acidification,
alongside corals.

Crustose Coralline Algae Rhodophyta sp. are made from high-Mg calcite. Photograph: Tom Lindner.
http://tomlindner.com/image.php?gallery=fish&use_taxonomic_names=0&use_phylogenetic_order=1&s
how_all_names=0&search_string=&search_ignore_case=1&photo_rating=11100&ignore_years=0&start_
date=2003-06-14&stop_date=2016-04-08&photo_location=0&photo_category=0&photo_start=1654

Page 1384

However….
• Corals do however have a secret weapon up
their sleeve….
• If the Ω at the site of calcification (the space
between the coral polyp and the coral
skeleton, called the calcifying fluid) can be
kept higher than the Ω of the surrounding
seawater, corals may avoid the effects of
ocean acidification (OA) in the short term.
• To do this, corals must actively pump out
H+ ions from their calcifying fluid where
calcification takes place. This is called pH up
regulation. We are not sure if crustose
coralline algae can do the same (currently
under investigation).

Figure 1: Corals actively pump H+ ions out of their calcifying fluid to maintain rates of
calcification. Accessed 2019 from:
https://www.researchgate.net/publication/267757871_An_updated_synthesis_of_the_i
mpacts_of_ocean_acidification_on_marine_biodiversity
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How will OA effect organisms made of calcite CaCO3 ?
Because calcite is less soluble than aragonite or high-Mg calcite, it is predicted that marine
organisms made of calcite might cope with ocean acidification a little better than organisms made
of aragonite or high-Mg calcite (in the short term). However, that is still up for debate!

Image source adapted from: Fabry, V.J., Seibel, B.A., Feely, R.A., & Orr, J.C. (2008). Impacts of ocean acidification on marine fauna
and ecosystem processes. Accessed 2019 from: https://www.semanticscholar.org/paper/Impacts-of-ocean-acidification-on-marinefauna-and-Fabry-Seibel/a32cf0772d3c9fd08cfa9324cd9f63c5051e4694
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Such as coccolithophores?
• Coccolithophores are single-celled phytoplankton
with a shell
• Coccolithophores carry out photosynthesis
• Their ‘shells’ are like armoured plates (coccoliths)
made of out of calcite CaCO3.
• They might be small, but coccolithophores are the
most productive pelagic calcifiers on the planet
(alongside forams).
• Coccolithophore blooms can be seen from space!
• It is predicted OA will cause a reduction in
calcification rate*

*Above: (A to N) Species illustrated: (A) Coccolithus pelagicus,
(B) Calcidiscus leptoporus, (C) Braarudosphaera bigelowii,
(D) Gephyrocapsa oceanica, (E) E. huxleyi, (F) Discosphaera tubifera,
(G) Rhabdosphaera clavigera, (H) Calciosolenia murrayi,
(I) Umbellosphaera irregularis, (J) Gladiolithus flabellatus, (K and
L) Florisphaera profunda, (M) Syracosphaera pulchra, and
(N) Helicosphaera carteri. Scale bar, 5 μm. In: Monteiro, F.M., Back,
L.T., Brownlee, C., Bown, P. Rickaby, R.E.M., Poulton, A.J., Tyrrell, T.,
Beaufort, L., Dutkiewicz, S., Gibbs, S., Gutowska, M.A., Lee, R.,
Riebesell, U., Young, J. and Ridgwell, A. (2016). Why marine
phytoplankton calcify. Science Advances 2(7). DOI:
10.1126/sciadv.1501822. Creative Commons Licence.
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Foraminfera (forams)?

• Foraminifera, abbreviated to forams, are
single-celled amoeboid protists with a shell
(called a ‘test’)
• Most forams are less than 1mm in size
• Forams can be planktonic or benthic
• Forams are found in all marine environments
• It is predicted OA will cause a reduction in
shell mass*
Image: https://en.wikipedia.org/wiki/Foraminifera
*Fabry, V.J., Seibel, B.A., Feely, R.A., & Orr, J.C. (2008). Impacts of ocean acidification on marine
fauna and ecosystem processes. Accessed 2019 from:
https://www.semanticscholar.org/paper/Impacts-of-ocean-acidification-on-marine-fauna-andFabry-Seibel/a32cf0772d3c9fd08cfa9324cd9f63c5051e4694
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Echinoderms?

• Echinoderms include sea starts, sea
urchin, sea cucumbers, brittle stars, etc.
• The name comes from the Greek word
for ‘spiny skin’
• Echinoderms have a mesodermal
skeleton composed of calcareous plates
or ossicles.
• It is predicted OA will impact larval
development, decrease fertilization rates
and increase mortality in sea urchins*

Image: http://www.mesa.edu.au/echinoderms/
*Fabry, V.J., Seibel, B.A., Feely, R.A., & Orr, J.C. (2008). Impacts of ocean acidification on marine fauna and
ecosystem processes. Accessed 2019 from: https://www.semanticscholar.org/paper/Impacts-of-oceanacidification-on-marine-fauna-and-Fabry-Seibel/a32cf0772d3c9fd08cfa9324cd9f63c5051e4694
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and Crustaceans?
Table 1: Estimated species vulnerability to direct aﬀects of ocean acidiﬁcation (Busch et al., in preparation).
Adapted from: NOAA Ocean Acidiﬁcation Steering Committee (2010): NOAA Ocean and Great Lakes Acidiﬁcation Research Plan, NOAA Special Report, 143 pp.
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More predicted effects of OA

Image adapted from: Kroeker, K. J. et al., (2013). Impacts of ocean acidification on marine organisms: quantifying sensitivities and interaction with warming. Global
Change Biology. Volume 19. Issue 6. Accessed 2019 from: https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.12179
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T117 Carbonate system
and pH

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ...

Interpret
trends in data in relation to the carbonate system and changes in pH
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Interpret (e.g. meaning) **
• use knowledge and understanding to recognise trends and draw
conclusions from given information;
• make clear or explicit; elucidate or understand in a particular way; bring
out the meaning of, e.g. a dramatic or musical work, by performance or
execution;
• bring out the meaning of an artwork by artistic representation or
performance; give one's own interpretation of;
• identify or draw meaning from, or give meaning to, information presented
in various forms, such as words, symbols, pictures or graphs
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Objective
• Understand the proportion of carbon dioxide, bicarbonate and carbonate
across various pH solutions
• Understand basic solutions are dominated by carbonate
• Understand acidic solutions are dominated by carbon dioxide
• Understand the pH of the oceans today (pH 8.1) is dominated by bicarbonate
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Definitions
Trend: when the data overall is moving in one particular direction over time, usually represented
by a line or curve on a graph
Carbonate system: the different types (‘species’) of dissolved inorganic carbon (DIC – see below)
over various pH values
Inorganic Carbon: carbon not associated with a living thing
Dissolved Inorganic Carbon (DIC): Carbon dioxide (including both dissolved CO2 and carbonic acid
H2CO3), bicarbonate (HCO3−) and carbonate (CO32−)
pH: measure of hydrogen ion (H+) concentration of a solution

Syllabus statement: Interpret trends in data in relation to the

carbonate system and changes in pH
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Dissolved inorganic carbon (DIC)
DIC exists in water as:
1) Carbon Dioxide (CO2)*
2) Bicarbonate (HCO3-)
3) Carbonate (CO32-)
• Basic solutions are dominated by carbonate
• Acidic solutions are dominated by carbon dioxide

*also includes H2CO3
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Dissolved inorganic carbon (DIC)
Q. What carbon species
dominates when the pH is 5?
a)
b)
c)
d)

Attribution: Adapted from: Pinet, P. R. (1998). Introduction to Oceanography: Web Enhanced Edition. Jones and Barlett
Publishers International (OceanLink). ISBN: 0763706140. Accessed 2019 from: https://slideplayer.com/slide/6616160/

CO2
HCO3CO32None of the above
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Dissolved inorganic carbon (DIC)
Q. What carbon species
dominates when the pH is 5?
a)
b)
c)
d)

Attribution: Adapted from: Pinet, P. R. (1998). Introduction to Oceanography: Web Enhanced Edition. Jones and Barlett
Publishers International (OceanLink). ISBN: 0763706140. Accessed 2019 from: https://slideplayer.com/slide/6616160/

CO2
HCO3CO32None of the above
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Dissolved inorganic carbon (DIC)
Q. What carbon species
dominates when the pH is 10?
a)
b)
c)
d)

Attribution: Adapted from: Pinet, P. R. (1998). Introduction to Oceanography: Web Enhanced Edition. Jones and Barlett
Publishers International (OceanLink). ISBN: 0763706140. Accessed 2019 from: https://slideplayer.com/slide/6616160/

CO2
HCO3CO32None of the above
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Dissolved inorganic carbon (DIC)
Q. What carbon species
dominates when the pH is 10?
a)
b)
c)
d)

Attribution: Adapted from: Pinet, P. R. (1998). Introduction to Oceanography: Web Enhanced Edition. Jones and Barlett
Publishers International (OceanLink). ISBN: 0763706140. Accessed 2019 from: https://slideplayer.com/slide/6616160/

CO2
HCO3CO32None of the above
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Dissolved inorganic carbon (DIC)
Q. What carbon species
dominates when the pH is 8.1?
a)
b)
c)
d)

Attribution: Adapted from: Pinet, P. R. (1998). Introduction to Oceanography: Web Enhanced Edition. Jones and Barlett
Publishers International (OceanLink). ISBN: 0763706140. Accessed 2019 from: https://slideplayer.com/slide/6616160/

CO2
HCO3CO32None of the above
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Dissolved inorganic carbon (DIC)
Q. What carbon species
dominates when the pH is 8.1?
a)
b)
c)
d)

Attribution: Adapted from: Pinet, P. R. (1998). Introduction to Oceanography: Web Enhanced Edition. Jones and Barlett
Publishers International (OceanLink). ISBN: 0763706140. Accessed 2019 from: https://slideplayer.com/slide/6616160/

CO2
HCO3CO32None of the above
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Dissolved inorganic carbon (DIC)
Q. What happens to the
percentage of CO32- when the
pH declines from 8.1 to 7.5?
a) It increases
b) It decreases

Attribution: Adapted from: Pinet, P. R. (1998). Introduction to Oceanography: Web Enhanced Edition. Jones and Barlett
Publishers International (OceanLink). ISBN: 0763706140. Accessed 2019 from: https://slideplayer.com/slide/6616160/
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Dissolved inorganic carbon (DIC)
Q. What happens to the
percentage of CO32- when the
pH declines from 8.1 to 7.5?
a) It increases
b) It decreases

Attribution: Adapted from: Pinet, P. R. (1998). Introduction to Oceanography: Web Enhanced Edition. Jones and Barlett
Publishers International (OceanLink). ISBN: 0763706140. Accessed 2019 from: https://slideplayer.com/slide/6616160/
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Bjerrum plot (same thing, different perspective)
Q. What carbon species
dominates when the pH
is 5?
a)
b)
c)
d)

CO2
HCO3CO32None of the above

Image: Bob Moffatt, after Homan, 1992
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Bjerrum plot (same thing, different perspective)
Q. What carbon species
dominates when the pH
is 5?
a)
b)
c)
d)

CO2
HCO3CO32None of the above

Image: Bob Moffatt, after Homan, 1992
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Bjerrum plot (same thing, different perspective)
Q. What carbon species
dominates when the pH
is 10?
a)
b)
c)
d)

CO2
HCO3CO32None of the above

Image: Bob Moffatt, after Homan, 1992
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Bjerrum plot (same thing, different perspective)
Q. What carbon species
dominates when the pH
is 10?
a)
b)
c)
d)

CO2
HCO3CO32None of the above

Image: Bob Moffatt, after Homan, 1992
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Bjerrum plot (same thing, different perspective)
Q. What carbon species
dominates when the pH
is 8.1?
a)
b)
c)
d)

CO2
HCO3CO32None of the above

Image: Bob Moffatt, after Homan, 1992
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Bjerrum plot (same thing, different perspective)
Q. What carbon species
dominates when the pH
is 8.1?
a)
b)
c)
d)

CO2
HCO3CO32None of the above

Image: Bob Moffatt, after Homan, 1992
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Bjerrum plot
Q. What happens to the
relative proportion of
CO32- when the pH declines
from 8.1 to 7.5?
a) It increases
b) It decreases

Image: Bob Moffatt, after Homan, 1992
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Bjerrum plot
Q. What happens to the
relative proportion of
CO32- when the pH declines
from 8.1 to 7.5?
a) It increases
b) It decreases

Image: Bob Moffatt, after Homan, 1992
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Ocean acidification
Year 2005

Q. What happens to the pH over time?
a) It increases
b) It decreases

Attribution: Forus Na Mara Marine Institute (2005). Nutrients and Ocean Acidification
(OA). Forus Na Mara Marine Institute. Ireland. Accessed 30/03/2019 from:
https://www.marine.ie/Home/site-area/areas-activity/marine-environment/nutrientsand-ocean-acidification-oa
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Ocean acidification
Year 2005

Q. What happens to the pH over time?
a) It increases
b) It decreases

Attribution: Forus Na Mara Marine Institute (2005). Nutrients and Ocean Acidification
(OA). Forus Na Mara Marine Institute. Ireland. Accessed 30/03/2019 from:
https://www.marine.ie/Home/site-area/areas-activity/marine-environment/nutrientsand-ocean-acidification-oa
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Ocean acidification
Year 2005

Q. What happens to CO2 concentrations over
time?
a) It increases
b) It decreases

Attribution: Forus Na Mara Marine Institute (2005). Nutrients and Ocean Acidification
(OA). Forus Na Mara Marine Institute. Ireland. Accessed 30/03/2019 from:
https://www.marine.ie/Home/site-area/areas-activity/marine-environment/nutrientsand-ocean-acidification-oa

Page 1417

Ocean acidification
Year 2005

Q. What happens to CO2 concentrations over
time?
a) It increases
b) It decreases

Attribution: Forus Na Mara Marine Institute (2005). Nutrients and Ocean Acidification
(OA). Forus Na Mara Marine Institute. Ireland. Accessed 30/03/2019 from:
https://www.marine.ie/Home/site-area/areas-activity/marine-environment/nutrientsand-ocean-acidification-oa
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Ocean acidification
Year 2005

Q. What happens to CO32- concentrations over
time?
a) It increases
b) It decreases

Attribution: Forus Na Mara Marine Institute (2005). Nutrients and Ocean Acidification
(OA). Forus Na Mara Marine Institute. Ireland. Accessed 30/03/2019 from:
https://www.marine.ie/Home/site-area/areas-activity/marine-environment/nutrientsand-ocean-acidification-oa
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Ocean acidification
Year 2005

Q. What happens to CO32- concentrations over
time?
a) It increases
b) It decreases

Attribution: Forus Na Mara Marine Institute (2005). Nutrients and Ocean Acidification
(OA). Forus Na Mara Marine Institute. Ireland. Accessed 30/03/2019 from:
https://www.marine.ie/Home/site-area/areas-activity/marine-environment/nutrientsand-ocean-acidification-oa
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Research

Read the article below and interpret diagrams a and b
https://progearthplanetsci.springeropen.com/articles/10.1186/s40645-018-0239-9

https://progearthplanetsci.springeropen.com/articles/10.1186/s40645-018-0239-9
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T118 Ocean acidification
experiments

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ...

Distinguish
between laboratory-scale and field-based experiments and what they demonstrate
about ocean acidification
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Distinguish
• recognise as distinct or different;
• note points of difference between; discriminate; discern;
• make clear a difference/s between two or more concepts or items

Page 1425

Objective
• To identify 2 points of difference between laboratory-scaled experiments
and field-based experiments
•

To identify some of the ‘winners’ and ‘losers’ of ocean acidification
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Watch video to revise what is OA
https://www.youtube.com/watch?v=qAkhuETYn5U
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How will OA affect organisms on Earth in 2100?
Will there still be coral reefs? How do we find out?

Attribution: https://earth.google.com/web/@-15.17676265,145.94514057,-10844.22208802a,18397178.75560999d,35y,-0h,0t,0r
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Laboratory-scale experiments & field-based experiments
• Laboratory-scaled OA experiments are highly controlled and can investigate the effect of
changing pH levels on a single species in isolation.
• Field-based OA experiments are conducted in the field with lots of natural variability.
• Both have demonstrated calcification rates declining with ocean acidification

Figure 1: Laboratory-based OA experiment. Image: NOAA Ocean
acidification project. Accessed 2019 from:
https://oceanacidification.noaa.gov/WhatWeDo/BiologicalResponse/
TabId/2990/PID/14746/evl/0/CategoryID/233/CategoryName/Projec
ts/Default.aspx

Figure 2: Field-based OA experiment with the cpFOCE system on a reef
flat near Heron Island. Image © David Kline Accessed 2019 from:
https://www.mbari.org/mbari-researchers-help-design-first-fieldexperiment-to-test-the-effects-of-ocean-acidification-on-coral-reefs/
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Laboratory-scaled experiments
• In a lab-scale experiment, you can test a single variable (pH) in a highly controlled setting and
identify a single species pre-adapted sensitivity to increasing CO2.

Above: SeaSim ocean acidification experiment conducted by Kristen Anderson and Neal Cantin. Photo: Brecht Vanoverbeke. Accessed 2019 from:
https://www.aims.gov.au/research/climate-change/ocean-acidification/co2-experiments
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Laboratory-scaled experiments
• Methodologies used to reach the desired pH in tanks in the lab include the addition of strong
acids and bases, or the addition of high-CO2 seawater.
• For example, in the aeration technique, a value opens or closes to deliver CO2 gas to a tank
whenever pH goes above or below a set value (see below).
The pH declines when
you add acid or CO2 gas to
a liquid solution
Why?

Because adding acid or
CO2 gas increases the
H+ concentration,
making the pH decline
Image: Riebesell, U., Fabry, V.J., Hansson, L. and Guttuso, J. (2010). Guide to best practices for ocean acidification
research and data reporting. European Commission. DOI: 10.2777/66906. Accessed 2019 from:
https://www.iaea.org/sites/default/files/18/06/oa-guide-to-best-practices.pdf
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Laboratory-scaled
experiment methods
Example 1

Single species
Fig. 1: The sperm and early life stages of
Mediterranean mussel (Mytilus galloprovincialis)
were exposed to pH levels of 8.0 and 7.6 by
manipulating pCO2 levels (380 and 1000 ppm).
The effects of warming were also measured by
exposing the mussel to water set at 16 and 20
degrees Celsius.
Highly controlled

Figure 1: Experimental Design. In: Vihtakari, M. et al., (2013). Effects of Ocean
Acidification and Warming on Sperm Activity and Early Life Stages of the
Mediterranean Mussel (Mytilus galloprovincialis). Water. 5(4), 1890-1915;
https://doi.org/10.3390/w5041890
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Laboratory-scaled
experiment methods
Example 2

Highly
controlled

Fig. 1: The pCO2 generation
system pictured top right
created the three desired
pCO2 gas levels needed for
the experiment
Fig. 2 (A): Each gas was
then mixed with filtered
seawater in a ‘gas-mixing
reservoir bucket’
Fig. 2 (B): Larval culture
vessel containing purple
sea urchins

Single
species

Image source: Fangue, N.A. (2010). A laboratory-based, experimental system for the study of ocean
acidification effects on marine invertebrate larvae. Limnol. Oceanogr.: Methods 8, 2010, 441–452.
Accessed 2019 from: https://aslopubs.onlinelibrary.wiley.com/doi/pdf/10.4319/lom.2010.8.441
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Field-based experiments
• Field-based OA experiments are conducted
in the field where there is a lot of natural
variability
• For example, the pH on a reef flat changes a
lot over the course of a day (see right C)

Above: Image © David Kline. Accessed 2019 from:
https://www.earth.com/news/coral-reef-climate-change-predictions/
Right: Kline, D. et al., (2012). A short-term in situ CO2 enrichment experiment on
Heron Island (GBR). Scientific Reports volume 2, Article number: 413. Accessed
2019 from: https://www.nature.com/articles/srep00413#acknowledgements.
Creative Commons Attribution-NonCommercial-ShareALike 3.0
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Field-based experiment
methods
Example 1

• The field-based experiment pictured right
was set up on the reef flat on Heron Island
and was able to mimic pH variability whilst
investigating the effects of ocean acidification
on corals and algae.
• The device you can see sitting on the reef flat
is called the cpFOCE. It has corals and algae
inside.
• CO2 was injected into the device to maintain
a pH that was always 0.06 pH units lower
than the surrounding seawater (e.g. if the pH
went up or down, so did the pH in cpFOCE).

This photo shows one of the cpFOCE flumes underwater, with the windpower generator and floating computer control system in the background.
Image © David Kline. Accessed 2019 from: https://www.mbari.org/mbariresearchers-help-design-first-field-experiment-to-test-the-effects-of-oceanacidification-on-coral-reefs/

• A second device (not pictured) was maintained at 0.22 pH units lower than
the surrounding seawater, while a third device was the control.
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Field-based experiment
methods
Example 2

• 8 KOSMOS mesocosms
(KOSMOS: Kiel offshore
Mesocosms for Future Ocean
Simulations), 55,000L each, 36
researchers, 50 sampling days,
in Norway.
• 4 mesocosms were brought to
elevated CO2 concentrations.

Image: Floating laboratories called mesocoms allow scientists to simulate changes in ocean
chemistry. "We enclose the water, like a plastic bag that's lowered down so we can simulate
changes in the seawater chemistry,“ said GEOMAR researcher Allanah Paul, Norway. Accessed
2019 from: https://www.dw.com/en/ocean-acidification-climate-changes-evil-twin/a-41471258

• Regular sampling and analyses
showed how the community
enclosed inside the
mesocosms responded.
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Species responses to increasing CO2

Above: Doney, S.C., Fabry, V.J., Feely, R.A. and Kleypas, J. (2009). Ocean Acidification: the other CO2 problem. Annual Reviews.
Washington Journal of Environmental Law and Policy. Vol. 1:169-192. DOI: 10.1146/annurev.marine.010908.163834
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…with many ‘losers’

For example, most had a
negative linear response to
increasing CO2 L

Above: Doney, S.C., Fabry, V.J., Feely, R.A. and Kleypas, J. (2009). Ocean Acidification: the other CO2 problem. Annual Reviews.
Washington Journal of Environmental Law and Policy. Vol. 1:169-192. DOI: 10.1146/annurev.marine.010908.163834
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…and some ‘winners’

Whilst others had a
positive linear response to
increasing CO2 J

Above: Doney, S.C., Fabry, V.J., Feely, R.A. and Kleypas, J. (2009). Ocean Acidification: the other CO2 problem. Annual Reviews.
Washington Journal of Environmental Law and Policy. Vol. 1:169-192. DOI: 10.1146/annurev.marine.010908.163834
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Winner: OA stimulates blooms of toxic microalga
“Here, we show in a field experiment that the toxic microalga Vicicitus globosus has a selective
advantage under ocean acidification, increasing its abundance in natural plankton communities
at CO2 levels higher than 600 µatm and developing blooms above 800 µatm CO2. The mass
development of V. globosus has had a dramatic impact on the plankton community, preventing
the development of the micro- and mesozooplankton communities, thereby disrupting trophic
transfer of primary produced organic matter”
Riebesell, U. (2018). Toxic algal bloom induced by ocean acidification disrupts the pelagic food web. Nature Climate Change volume 8, pages1082–1086. Accessed 2019 from:
https://www.geomar.de/en/news/article/ozeanversauerung-beguenstigt-massenvermehrung-giftiger-alge/

Left: A diver next to a mesocosm off the coast of Gran Canaria. Photo: Michael Sswat/GEOMAR (CC BY 4.0). Middle: The alga Vicicitus globosus under a microscope. Photo:
Ulf Riebesell/GEOMAR (CC BY 4.0). Right: KOSMOS mecocosm. Illustration: BIOACID. Accessed 2019 from: https://www.geomar.de/en/news/article/ozeanversauerungbeguenstigt-massenvermehrung-giftiger-alge/
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OA Experiments can be conducted at different scales…

Source: Turley, C. (2011). Ocean Acidification. A National Strategy to Meet the Challenges of a Changing Ocean. National Academy of Sciences. Accessed 2019 from:
https://www.semanticscholar.org/paper/Ocean-Acidification.-A-National-Strategy-to-Meet-of-Turley/bd073b2baf81b31b101f4b5dce31c4f2cd16982d
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…with Nature’s lab as the largest scaled experiment!
Environments that are naturally low in pH and Ω, such as CO2-rich volcanic vent sites and submarine
springs, serve as natural laboratories* that can be used to observe organisms over time scales long
enough for adaptation or acclimatization to be observed.
*Problematic is when the water chemistry mimics high atmospheric CO2 concentrations but does not mimic temperatures predicted for future global warming.

Ambient CO2

Elevated CO2 (see the bubbles?!)
Above: Coral reefs in Milne Bay Province (PNG) at ambient CO2 (top) and one at one of the CO2
seeps exposed to elevated CO2 (bottom). Photos: Sam Noonan, AIMS. Accessed 2019 from:
https://www.aims.gov.au/research/climate-change/ocean-acidification/co2-seeps
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Watch video
https://www.youtube.com/watch?v=-bH10Cnnr5M

No sound required
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Worksheet
118

Acid Test
by
Gail Riches
www.marineeducation.com.au

Page 1444

T119 Ocean acidification and
coral reefs

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ...

Describe
the potential consequences of ocean acidification for coral reef ecosystems
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Describe
• give an account (written or spoken) of a situation, event, pattern or
process, or of the characteristics or features of something
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Objective
• Understand that ocean acidification and coral bleaching are
two different types of disturbance.
• Understand that ocean acidification and coral bleaching are
both caused by quickly rising atmospheric CO2 concentrations.
• Define the terms adaptation and acclimatization.
• Understand that coral bleaching reduces the fitness of coral
and its ability to calcify and grow.
• Understand the rate of calcification must exceed the rate of
erosion for the reef to continue to grow.
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Ocean acidification and coral bleaching
• Often, ocean acidification and coral bleaching are discussed together.
• Ocean acidification is a ramp-type disturbance
• Coral bleaching is a pulse-type disturbance
• Coral bleaching (if it does not kill the coral) reduces the fitness of coral (due to the
coral starving from a lack of zooxanthellae) inhibiting its ability to calcify to grow.
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Van Hooidonk et al., (2013) describes OA as a ramp-type
disturbance whereby, ‘the stress on corals keeps increasing
and keeps slowing calcification and growth rates”…
…“This ongoing process (of OA) on reefs is punctuated by
episodic pulse-type disturbances such as coral bleaching
events caused by anomalously warm sea water”

Van Hooidonk, R., Maynard, J.A., Manzello, D. & Planes, S. (2014). Opposite latitudinal gradients in projected ocean
acidification and bleaching impacts on coral reefs. Global Change Biology. 20, 103-112. DOI: 10.1111/gcb.12394.

Page 1450

Rising atmospheric CO2 is to blame

The ‘rate’ it is
rising is too fast!
Figure 1: (a) Trend in the atmospheric concentration of carbon dioxide (CO2) over the previous two millennia in relation to the timing of
mass coral bleaching events. Adapted from: Beyer, H.L., et al., (2018). Risk-sensitive planning for conserving coral reefs under rapid
climate change. Conservation Letters. Vol. 11. Issue 6. November/December 2018 e12587. Accessed 2019 from:
https://conbio.onlinelibrary.wiley.com/doi/full/10.1111/conl.12587 (open access).
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Rising atmospheric CO2 is to blame

Figure 1: (c) Historical (Hadley Centre Sea Ice and Sea Surface Temperature dataset; black line) and future projected annual sum of anomalies (“HotSpots”) for
coral-containing regions (19 climate models, CMIP5, IPCC 2013) under the most and least optimistic climate projections (RCP 2.6, blue, and RCP 8.5, red, respectively).
Adapted from: Beyer, H.L., et al., (2018). Risk-sensitive planning for conserving coral reefs under rapid climate change. Conservation Letters. Vol. 11. Issue 6.
November/December 2018 e12587. Accessed 2019 from: https://conbio.onlinelibrary.wiley.com/doi/full/10.1111/conl.12587 (open access).
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“Pivotal to projecting the fate of coral reefs is the capacity of reefbuilding corals to adapt and acclimatize to climate change”
Torda, G., et al., (2017). Rapid adaptive responses to climate change in corals. Nature Climate Change, 7(9), 627-636. doi:10.1038/nclimate3374

Figure 1: Corals grown in higher levels of seawater acidity were shown to have increased
DNA methylation in genes related to cell growth and stress. Credit: © 2018 Eric Tambutté.
Accessed 2019 from: https://phys.org/news/2018-06-coral-ocean-acidification.html
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“There are increasing concerns that the current rate of climate change might
outpace the ability of reef-building corals to adapt to future conditions”
Liew, Y.J. et al., (2018). Epigenome-associated phenotypic acclimatization to ocean acidification in a reef-building coral. Science Advances. Vol. 4, no. 6. DOI: 10.1126/sciadv.aar8028

Figure 1: Colonies of the smooth cauliflower coral, Stylophora pistillata, were placed in
seawater aquariums with varying acidity levels for two years. Credit: © 2018 Eric Tambutté.
Accessed 2019 from: https://phys.org/news/2018-06-coral-ocean-acidification.html
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“Whether or not coral reefs can adapt to these cumulative environmental
pressures is a topic of current debate”
Webster, N. S. and Reusch, T.B.H. (2017). Microbial contributions to the persistence of coral reefs. The ISME Journal: 11, 2167–2174

Figure 1: A Stylophora polyp: the team discovered that cell and polyp sizes in the corals increased with rising acidity. Credit: © 2018
Eric Tambutté. Accessed 2019 from: https://phys.org/news/2018-06-coral-ocean-acidification.html

Page 1455

So….are coral reefs doomed….or is there still hope?

Is the potential consequence of ocean acidification a looming death sentence
for coral reef ecosystems? Or, is there is still hope for coral reef ecosystems,
owing to species adaptation and acclimatization?

Let’s dive in to the science a little deeper…
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Adaptation - Definition
• Adaptation refers to a genetic
response that allows an organism
to tolerate a new environment.
• Adaptation is an evolutionary
response to climate change.
• Adaptation is a genetic change
from one generation to the next
through natural selection
(i.e. allele frequency changes
between generations).
• Survival of the fittest

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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E.g. ‘ocean acidification hardy genotypes’
Calcification requires lots of energy!
Therefore, OA hardy genotypes are:
• Corals that direct more of their energy
budget to calcification
• Corals that are highly efficient at
calcification[2]

This photo is from a reciprocal transplant experiment in Hawaii’s Marine Lab. A total of
3,200 coral fragments of two coral species were moved between two sites with varying
pH regimes to see how this impacts coral physiology, symbiosis, and reproduction [1]
[1] Image Source: http://www.environmentandsociety.org/arcadia/living-coral-time-debating-conservation-anthropocene
[2] John M. Pandolfi, Sean R. Connolly, Dustin J. Marshall and Anne L. Cohen (2011). Projecting Coral Reef Futures Under
Global Warming and Ocean Acidification. Science 333, 418. DOI: 10.1126/science.1204794
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Issue: connectivity and (enough) genetic diversity
• Populations can only adapt when
there is enough genetic diversity on
which natural selection can act
• Connectivity increases genetic
diversity and the capacity for
adaptation.
• Human impacts that fragment
populations or decrease population
sizes (such as fishing, pollution, and
habitat destruction) reduce
connectivity and the potential for
coral reefs to adapt[1].
[1] John M. Pandolfi, Sean R. Connolly, Dustin J. Marshall and Anne L. Cohen
(2011). Projecting Coral Reef Futures Under Global Warming and Ocean
Acidification. Science 333, 418. DOI: 10.1126/science.1204794
[2] Thomas, L. et al., (2018). Mechanisms of Thermal Tolerance in Reef-Building
Corals across a Fine-Grained Environmental Mosaic: Lessons from Ofu, American
Samoa. Article In: Frontiers in Marine Science. DOI: 10.3389/fmars.2017.00434

Figure 1: The Levene (1953) model of spatially varying selection to explain
patterns of local adaption between pools amidst high gene flow [2]
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Time issue
• The evolution of coral is slow (generation times are long) - will there be enough time to adapt?

In memory of Ruth Gates. Accessed 2019 from:
https://www.theatlantic.com/science/archive/2018/10/opti
mist-who-believed-saving-corals/574240/
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Acclimatization - definition
• Acclimatization refers to a phenotype
response that allows an organism to tolerate a
new environment
• Acclimatization occurs within much shorter
time frames (than evolutionary processes)
• Acclimatization is termed ‘acclimation’ when
changes are investigated experimentally
(e.g. in the lab) by manipulating a single
environmental factor[1].
• Acclimatization is the capacity of a single
genotype to exhibit a range of phenotypes in
response to environmental variation[2]

Figure 1: An example of acclimatising fish to a new environment.
Source: https://reefs.com/2015/01/05/not-acclimate/

[1] Edmunds, P.J. and Gates, R.D. (2008). Acclimatization in tropical reef corals. Marine Ecology Progress Series. Vol. 361: 307-310. DOI: 10.3354/meps07556
[2] Thomas, L. et al., (2018). Mechanisms of Thermal Tolerance in Reef-Building Corals across a Fine-Grained Environmental Mosaic: Lessons from Ofu, American Samoa.
Article In: Frontiers in Marine Science. DOI: 10.3389/fmars.2017.00434
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E.g. ‘preconditioning’
Corals have been shown to
acclimatize to temperature
through preconditioning within
one generation (e.g. corals with a
history of bleaching show
resistance to subsequent thermal
stress events)[1][2][3]
• The exposure of brooding
adults to warmer, more acidic
seawater resulted in
acclimation of the larvae when
exposed to these conditions
post-release[1]

Figure 1: Pathways of acclimatization to elevated temperatures. Short-term
preconditioning results in the reduced expression of stress response genes during
acute heat stress. Long-term preconditioning results in a fundamental shift in
baseline expression of stress response genes ("frontloading")[3]

[1] Putman, H.M. and Gates, R. (2015). Preconditioning in the reef-building coral Pocillopora damicornis and the potential for trans-generational acclimatization in coral larvae
under future climate change conditions. The Journal of Experimental Biology. 218, 2365-2372 doi:10.1242/jeb.123018. https://jeb.biologists.org/content/218/15/2365
[2] John M. Pandolfi, Sean R. Connolly, Dustin J. Marshall and Anne L. Cohen (2011). Projecting Coral Reef Futures Under Global Warming and Ocean Acidification. Science 333,
418. DOI: 10.1126/science.1204794
[3] Thomas, L. et al., (2018). Mechanisms of Thermal Tolerance in Reef-Building Corals across a Fine-Grained Environmental Mosaic: Lessons from Ofu, American Samoa.
Article In: Frontiers in Marine Science. DOI: 10.3389/fmars.2017.00434
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E.g. ‘symbiont shuffling’
• Zooxanthellae (Symbiodinium) play an
important role in providing the energy
needed for coral calcification.
• Zooxanthellae are not all the same.
• Some zooxanthellae are more tolerant to
thermal stress than others.
• Zooxanthellae variability had geneticists
group them into clades A-I…Clade D are
more heat tolerant than Clade C and are
therefore less likely to be expelled by their
host coral during a heat wave[1].
• Corals have been found to ‘swap’ Clades
of zooxanthellae post bleaching[1]

Figure 1: Zooxanthellae (Symbiodinium) variability and all of their hosts, including hard
corals (Scleractinia) in the first column [2]

[1] Stat, M. & Gates, R. D. (2011). Clade D Symbiodinium in Scleractinian Corals: A ‘Nugget’ of Hope, a Selfish Opportunist, an Ominous Sign, or All of the Above? Journal of
Marine Biology. Vol. 2011, Review Article ID 730715. DOI: 10.1155/2011/730715 (Note: the nomenclature of zooxanthellae is currently under review; i.e. clades à Genus sp.)
[2] Alice Fournier (2013). The story of symbiosis with zooxanthellae, or how they enable their host to thrive in a nutrient poor environment. A. Fornier. Accessed 2019 from:
http://biologie.ens-lyon.fr/ressources/bibliographies/pdf/m1-12-13-biosci-reviews-fournier-a-2c-m.pdf?lang=fr
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Zooxanthellae can also adapt much faster than corals
• Zooxanthellae can adapt much
faster than corals can adapt to
environmental change because
the generation times are much
shorter in zooxanthellae than in
corals[1]
• With shorter generation times,
genetic changes (between
generations) can be made within
shorter time frames[1]
[1] John M. Pandolfi, Sean R. Connolly, Dustin J. Marshall and
Anne L. Cohen (2011). Projecting Coral Reef Futures Under
Global Warming and Ocean Acidification. Science 333, 418.
DOI: 10.1126/science.1204794

Figure 1: Zooxanthellae in a coral polyp. Image source: Maricopa Community College.
Accessed 2019 from: https://eatlas.org.au/nwa/global-coral-bleaching-causes
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What about all the other symbionts of coral?
• The coral holobiont is made up of the
host organism and all its associated
symbiotic microorganisms.
• A consortium of bacteria, archaea,
viruses, and fungi all form close
associations with corals and contribute
collectively to the overall function and
environmental thresholds of corals.
• Apart from zooxanthellae, our
understanding of how host-associated
microbes respond to elevated sea
surface temperatures and OA is,
however, limited[1].

Figure 1: Anatomy of coral polyp [2]

[1] Webster, N.S. (2016). Host-associated coral reef microbes respond to the cumulative pressures of ocean warming and ocean acidification.
Scientific Reports volume6, Article number: 19324 (2016). Accessed 2019 from: https://www.nature.com/articles/srep19324
[2] Thompson Janelle R., Rivera Hanny E., Closek Collin J., Medina Mónica (2015). Microbes in the coral holobiont: partners through evolution,
development, and ecological interactions. Frontiers in Cellular and Infection Microbiology. Volume 4. Accessed 2019 from:
https://www.frontiersin.org/articles/10.3389/fcimb.2014.00176/full
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Possible roles and relationships of symbionts to coral

ß zooxanthellae

Figure 1: Possible roles and relationships between corals and their symbionts and symbiotic microbial groups. Source:
Peixoto Raquel S., Rosado Phillipe M., Leite Deborah Catharine de Assis, Rosado Alexandre S., Bourne David G. (2017).
Beneficial Microorganisms for Corals (BMC): Proposed Mechanisms for Coral Health and Resilience. Frontiers in Microbiology.
Volume 8. pages 342. Accessed 2019 from: https://www.frontiersin.org/articles/10.3389/fmicb.2017.00341/full
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“Our study found that ‘robust’ corals possess a unique capacity to
generate the essential amino acid, histidine, without the need to acquire
them from Symbiodinium, which appears to help these corals cope with
the effects of climate change”
Dr Hua Ying from ANU Research School of Biology

Figure 1: New research has found that ‘robust’ corals, including this brain coral (Leptoria), may be more resilient to
bleaching than other ‘complex’ corals. Image: ARC CoE for Coral Reef Studies/Christopher Brunner. Accessed 2019 from:
https://www.anu.edu.au/news/all-news/study-finds-robust-corals-are-primed-against-bleaching
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“For reef-building corals, understanding the relative roles of acclimatization
and adaptation (of corals and their symbionts) is fundamental to predicting
the response of coral populations to future climate change.”
Thomas, L. et al., (2018). Mechanisms of Thermal Tolerance in Reef-Building Corals across a Fine-Grained Environmental
Mosaic: Lessons from Ofu, American Samoa. Article In: Frontiers in Marine Science. DOI: 10.3389/fmars.2017.00434

Figure 1: Time series set of underwater photos at a–d Grecian Rocks reef, e–h Carysfort
reef, and i–l Grecian Rocks reef. Source: Shinn, Eugene A. et al. “Staghorn tempestites
in the Florida Keys.” Coral Reefs 22 (2003): 91-97. Accessed 2019 from:
https://link.springer.com/article/10.1007/s00338-003-0289-2
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Watch video
https://www.youtube.com/watch?v=H4hwj_rqG0U
Note:
Gene expression was part of
Yr 10 science curriculum.
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Slide from T084

CO2 tipping the balance to net erosion

Calcification rate as a function of CO2 concentration

After: Langdon, C. (2002). Review of Experimental Evidence for Effects of CO2 on Calcification
of Reef builders. Proceedings 9Th International Coral Reef Symposium, 1091-1098. Modified.

Page 1470

Reef growth requires the rate of coral
calcification to exceed the rate of erosion!!!!

Balance of reef accretion and erosion processes

After: van Woesik, R., & Cacciapaglia, C. (2018). Keeping up with sea-level rise:
Carbonate production rates in Palau and Yap, western Pacific Ocean. PLOS ONE, 13(5),
e0197077. doi: 10.1371/journal.pone.0197077 Creative Commons 4.0 (CC BY)

Slide from T084
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Potential consequences of OA for coral reef ecosystems
Corals need CO32- to make
their calcium carbonate
skeletons

When Ώarag is > 3.3
corals (that can’t adapt or
acclimatize) get stressed

When Ώarag is
> 1.0
corals dissolve

pH today is 8.1
Source: Kawahata, H. et al., (2019). Perspective on the response of marine calcifiers to global warming and ocean acidification – behaviour of
corals and foraminifera in a high CO2 world ‘hot house’. Progress in Earth and Planetary Science. 6:4. DOI: 10.1186/s40645-018-0239-9
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The tropics will be last hit by OA (but first hit by bleaching)

Above: 450ppm is projected to be reached during 2030s under RCP 4.5, 6.0, and 8.5, and to
approach, but not reach 450ppm, during 2040s under RCP 2.6 (IPCC 2013).
800ppm is projected to be reached during 2080s under RCP 8.5 only.
Accessed 2019 from: Hoegh-Guldberg, O., Mumby, P.J., Hooten, J., Steneck, R.S., Greenfield, P., Gomez, E., Harvell, C.D., Sale, P.F., Edwards, A.J.,
Caldeira, K., Knowlton, N., Eakin, C.M., Iglesias-Trieto, R., Muthiga, N., Bradbury, R.H., Dubi, A. and Hatziolos, M.E. (2007). Coral Reefs Under Rapid
Climate Change and Ocean Acidification. Science 318, 1737. DOI: 10.1126/science.1152509
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Atmospheric CO2
• September 2017: 403.27ppm
• September 2018: 405.59ppm
• September 2019: 408.55ppm

2007

Temperatures 2019
• 0.3 degrees Celsius above
2007 temperatures
• 1.1 degrees Celsius above
preindustrial temperatures

Above: Temperature, [CO2]atm, and carbonate-ion concentrations reconstructed for the past 420,000 years. Carbonate concentrations were calculated (Lewis et al., 1998) from
[CO2]atm and temperature deviations from conditions in the decade of the 2000s with the Vostok Ice Core data set (Petit et al., 1999), assuming constant salinity (34 parts per
trillion), mean sea temperature (25◦C), and total alkalinity (2,300 mmol kg−1). Acidity of the ocean varies by ± 0.1 pH units over the past 420,000 years (individual values not
shown). The thresholds for major changes to coral communities are indicated for thermal stress (+2◦C) and carbonate-ion concentrations ([carbonate] = 200 µmol kg−1,
approximate aragonite saturation ∼ aragonite = 3.3; [CO2]atm = 480 ppm). Coral Reef Scenarios CRS-A, CRS-B, and CRS-C are indicated as A, B, and C, respectively, with analogs
from extant reefs. Red arrows pointing progressively toward the right-hand top square indicate the pathway that is being followed toward [CO2]atm of more than 500 ppm.
Accessed 2019 from: Hoegh-Guldberg, O., Mumby, P.J., Hooten, J., Steneck, R.S., Greenfield, P., Gomez, E., Harvell, C.D., Sale, P.F., Edwards, A.J., Caldeira, K., Knowlton, N., Eakin,
C.M., Iglesias-Trieto, R., Muthiga, N., Bradbury, R.H., Dubi, A. and Hatziolos, M.E. (2007). Coral Reefs Under Rapid Climate Change and Ocean Acidification. Science 318, 1737.
DOI: 10.1126/science.1152509
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2019

Range of potential futures

Above: IPCC Representative Concentration Pathways. Business as usual is RCP 8.5 whereby we make
little changes to the amount of carbon dioxide that currently is emitted into the atmosphere.
Image: https://judithcurry.com/2015/12/13/a-closer-look-at-scenario-rcp8-5/

Page 1475

“Should CO2 levels reach 600 ppm reefs will be eroding geological structures with populations of
surviving biota restricted to refuges. Domino effects will follow, affecting many other marine
ecosystems. This is likely to have been the path of great mass extinctions of the past, adding to
the case that anthropogenic CO2 emissions could trigger the Earth’s sixth mass extinction”.
Veron, C. et al., (2009). The coral reef crisis: The critical importance of <350 ppm CO2. Marine Pollution Bulletin.
Volume 58. Issue 10. Pages 1428-1436. https://www.sciencedirect.com/science/article/pii/S0025326X09003816

Charlie Veron
‘the Godfather of coral’

Image credit: Shara Henderson
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Table 1: Potential Reef Futures in the year 2100

[5] Adapted from: IPCC, 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, R.K. Pachauri and L.A.
Meyer (eds.)]. IPCC, Geneva, Switzerland, 151 pp. Accessed 01.07.2019 from: https://www.ipcc.ch/report/ar5/syr/
Potential Reef Futures in the year 2100 descriptors derived from data from:IPCC (2018) Global warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas
emission pathways, in the context of strengthening the global response to the threat of climate change, sustainable development, and efforts to eradicate poverty [V. Masson-Delmotte, P. Zhai, H. O. Pörtner, D. Roberts, J. Skea, P.R. Shukla, A.
Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J. B. R. Matthews, Y. Chen, X. Zhou, M. I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, T. Waterfield (eds.)]. In Press. As well as:
Van Hooidonk R.J, Maynard J.A, Manzello D, Planes S (2014). Opposite latitudinal gradients in projected ocean acidification and bleaching impacts on coral reefs. Global Change Biology, 20, 103–112. DOI: 10.1111/gcb.12394

Page 1477

The big questions…..
1.

How much CO2 will be put in the
atmosphere by 2030, 2050 and
2100?

2.

Will corals (and other calcifying
organisms and/or their
symbionts) be able to acclimatize
or adapt?
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T120 Acidification and
resilience

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ...

Explain
how resilience may partially offset ocean acidification responses in the short term.
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Explain
• make an idea or situation plain or clear by describing it in more detail or
revealing relevant facts;
• give an account; provide additional information
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Objective
• Define resilience, disturbance, resistance and recovery
• Describe what a resilient reef looks like
• Understand that removing pressures on reefs builds resilience
• Understand corals need energy to calcify and grow
• Understand that corals are more resilient when they can use their
energy reserves for calcification instead of surviving drivers of
change such as bleaching, pollution and overfishing
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Definitions
Ecosystem resilience: the capacity of an ecosystem to recover from a disturbance or withstand
ongoing pressures.
Ecosystem disturbance: a temporary change in environmental conditions that alters physical
structures or arrangements of biotic and abiotic elements within an ecosystem; can also occur
over larger temporal scales and affect diversity; can be natural or anthropogenic
Ecosystem resistance: the capacity of an ecosystem to resist a disturbance
Ecosystem recovery: the return of a damaged ecological system and associated ecosystem
services to a stable state.
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What does a resilient reef look like?
• Few anthropogenic stressors/drivers
of change
• low human impacts
• strong recruitment
• broad size-age range
• healthy herbivore populations
• healthy corals (little disease)
• history of surviving stress
• effective management strategies
• compliance to the rules

Coral reef ecosystem at Palmyra Atoll National Wildlife Refuge. JIM MARAGOS/U.S. FISH AND
WILDLIFE SERVICE, PUBLIC DOMAIN. Accessed 2019 from:
https://www.forbes.com/sites/priyashukla/2018/12/20/why-noisier-coral-reefs-arehealthier/#631c181061c9
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OA is a ‘slow driver of change’ (x-axis)

OA – Ocean
acidification

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
Source: Toh, Tai Chong et al. “Enhancing Coral Reef Resilience through Ecological Restoration: Concepts and Challenges.” (2013).
Reef images source: https://scripps.ucsd.edu/news/pristine-degraded-reefs-central-pacific
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Figure 1

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA

Slow drivers of change (x-axis) push an ecosystem closer to its tipping point.
Whereas, acute disturbances, such as bleaching, cause a reef to move from a more desired state to a less desired state (moves down the y-axis).
However, the reef will return to the more desired state (arrows pointing UP) provided it does not cross the solid line separating the two alternate
states (one dominated by coral, the other dominated by macroalgae etc.).
• The vertical arrows also represent resilience - the ability to absorb acute disturbances without undergoing a phase-shift - whereby the long
arrows have high resilience and the short arrows have low resilience.
• As the trajectory (solid line) approaches its tipping point (circles), resilience decreases (arrows get shorter)[1]
Figure 1: Toh, Tai Chong et al. “Enhancing Coral Reef Resilience through Ecological Restoration: Concepts and Challenges.” (2013).
Reef images source: https://scripps.ucsd.edu/news/pristine-degraded-reefs-central-pacific
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Figure 2

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA

Eventually, ocean acidification (slow driver of change on x-axis) will edge the reef closer and closer to its tipping point. However, building
resilience may partially offset ocean acidification responses in the short term.
• By reducing the relative strength of multiple drivers of change (i.e. stressors), the system moves away from a dangerous threshold (see
arrow).
For example, establish more marine parks, reduce pollution, and encourage shifts in social norms (the informal rules that shape
people’s attitudes and behaviours) to foster compliance [2]
[2] Adapted from: Hughes, T.P., Barnes, M.L., Bellwood, D.R., Cinner, J.E., Cumming, G.S., Jackson, J.B.C, Kleypas, J., Van de Leemput, I.A., Lough, J.M.,
Morrison, T.H., Palumbi, S.R., Van Nes, E.H. and Scheffer, M. (2017). Coral Reefs in the Anthropocene. Nature. 546(7656):82-90. DOI: 10.1038/nature22901.
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Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA

Figure 3
Another way to partially offset ocean acidification responses in the short term is to manipulate thresholds to allow the system to handle
higher levels of drivers without collapsing.
• For example, the impact of fishing is reduced by gear modifications, or by increasing the proportion of species that are more tolerant to
escalating drivers (e.g. heat tolerant species) [2]
[2] Adapted from: Hughes, T.P., Barnes, M.L., Bellwood, D.R., Cinner, J.E., Cumming, G.S., Jackson, J.B.C, Kleypas, J., Van de Leemput, I.A., Lough, J.M.,
Morrison, T.H., Palumbi, S.R., Van Nes, E.H. and Scheffer, M. (2017). Coral Reefs in the Anthropocene. Nature. 546(7656):82-90. DOI: 10.1038/nature22901.
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Figure 4

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA

Alternatively, multiple feedbacks (consequences) could be managed to flatten the slope of the equilibrium response curve, reducing the
risk of surpassing a tipping point (or to eliminate it altogether). For example, when fish stocks decline, fishers that do not have access to
alternative livelihoods (and may increase their fishing efforts as a result) are given government-backed incentives to exit a fishery when
stocks decline [2]
[2] Adapted from: Hughes, T.P., Barnes, M.L., Bellwood, D.R., Cinner, J.E., Cumming, G.S., Jackson, J.B.C, Kleypas, J., Van de Leemput, I.A., Lough, J.M.,
Morrison, T.H., Palumbi, S.R., Van Nes, E.H. and Scheffer, M. (2017). Coral Reefs in the Anthropocene. Nature. 546(7656):82-90. DOI: 10.1038/nature22901.
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Building resilience
• Removing the pressures on reefs builds resilience.
• Energy that would otherwise be used on surviving
drivers of change such as bleaching, pollution and
overfishing, can instead be used for calcification.
Calcification requires energy.

By Frank J. (Frank John) Aleksandrowicz, 1921-, Photographer
(NARA record: 8452210) - U.S. National Archives and Records
Administration, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=17100801
Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Drivers of change (threats and impacts)
From the syllabus:
Resilience of coral reefs is improved by minimising other impacts including coastal run-off
(nitrogen inputs), and habitat destruction and fishing.
For example,
• Coastal run-off is full of nutrients that give algae the competitive advantage
• Coastal run-off carries pollutants that contaminate corals
• Habitat destruction reduces connectivity that is needed for species replenishment and
adaptation (that requires a diverse genetic pool for natural selection to act on).
• Habitat destruction associated with coastal development increases sedimentation (smothering
coral and reducing light availability)
• Destructive fishing practices reduces the abundance of herbivores giving algae the competitive
advantage
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Source: Toh, Tai Chong et al. “Enhancing Coral Reef Resilience through Ecological Restoration: Concepts and Challenges.” (2013).
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Above: Linkages between global drivers (climate change, ocean acidification and partly storms) and local/regional drivers on the resilience and
vulnerability of coral reefs. Anthony and Marshall 2012. Image produced for the project: NERP TE Project 9.1 - Dynamic vulnerability maps and decision
support tools for the Great Barrier Reef (AIMS). Accessed 2019 from: https://eatlas.org.au/nerp-te/gbr-aims-vulnerability-maps-decision-support-tools-9-1
and http://www.nerptropical.edu.au/sites/default/files/publications/files/Project%20factsheet%209.1.pdf
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Above: Conceptual model illustrating how the environmental forecast modelling is coupled with the ecosystem model and integrated with the
decision analysis framework. Image © Ken Anthony (AIMS). Image produced for the project: NERP TE Project 9.1 - Dynamic vulnerability maps
and decision support tools for the Great Barrier Reef (AIMS). Accessed 2019 from: https://eatlas.org.au/nerp-te/gbr-aims-vulnerability-mapsdecision-support-tools-9-1 and http://www.nerptropical.edu.au/sites/default/files/publications/files/Project%20factsheet%209.1.pdf
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Corals need energy (for calcification & pH up-regulation)
• When seawater pH and Ωarag decline with ocean acidification, corals have worked out a way to pump out
any excess H+ ions from the site of calcification (in their bodies - called the calcifying fluid) so they can
continue to calcify and grow their skeletons.
• This is called pH up-regulation.
• pH up-regulation increases their internal pH (pHcf ~8.3-8.6) and internal (calcifying fluid) saturation state
(Ωcf ~15-25) and therefore rate of calcification [1]
• However, some do it better than others. And, to pump out H+ ions requires energy. Energy that comes
from zooxanthellae. Further emphasizing the importance for corals to maintain their symbiotic relationship
with zooxanthellae and avoid bleaching [1]
• Importantly, bleaching is not limited to just thermal stress. It can also happen with excessive UV, aerial
exposure, pollutant and toxin exposure, reduced salinity, and high sedimentation [2]
[1] McCulloch, M., Falter, J., Trotter, J. and Montagna, P. (2012). Coral resilience to ocean acidification and global warming through pH up-regulation. Nature. Climate
Change. 2(8). DOI: 10.1038/nclimate1473
[2] Pratchett, M.S., Munday, P.L., Wilson, S.K., Graham, N.A.J., Cinner, J.E., Bellwood, D.R., Jones, G.P., Polunin, N.V.C. and McClanahan, T.R. (2008). Effects of ClimateInduced Coral Bleaching on Coral Reef Fishes – Ecological and Economical Consequences. Oceanography and Marine Biology: An Annual Review (46) 251-296.
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Assisted evolution
• Selective breeding to generate certain genotypes of coral with desirable traits

Image: A tank at SeaSim used for one strand of assisted evolution research, called hybridisation (ABC: Carl Smith). Accessed 2019 from:
https://www.abc.net.au/radionational/programs/scienceshow/coral-spawning-and-assisted-evolution-sea-simulator/10789814
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Assisted evolution
Assisted evolution also builds resilience that may partially offset ocean acidification responses in
the short term.
Whereby naturally occurring evolutionary processes, that would normally take a very long time to
evolve, are accelerated. For example:
• exposing corals to stressful conditions to unlock (epigenetic) coping mechanisms and induce
acclimatization;
• selectively breeding certain corals that possess desirable traits (and replanting them);
• subjecting zooxanthellae to stress hoping to elicit an adaptive response through selection or
random somatic mutations; and…
• actively modifying the community composition of coral-associated microbes (e.g. inoculating
young corals with stress tolerant zooxanthellae) [4].
Image: A tank at SeaSim used for one strand of assisted evolution research, called hybridisation (ABC: Carl Smith). Accessed 2019 from:
https://www.abc.net.au/radionational/programs/scienceshow/coral-spawning-and-assisted-evolution-sea-simulator/10789814
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Climate resilient coral gardening
•

Planting coral varieties identified as resilient to bleaching and ocean acidification

Above: spider-web cage with coral fragments. Small pieces of broken coral in shallow
waters are re-attached to so-called spiderweb cages (portable metal frames). The
project uses coral varieties that are particularly resilient to the climate change impacts
of bleaching and ocean acidification. Accessed 2019 from:
https://panorama.solutions/en/building-block/climate-resilient-coral-gardening

Above: spider-web cage with coral fragments. Small pieces of broken coral in
shallow waters are re-attached to so-called spiderweb cages (portable metal
frames). The project uses coral varieties that are particularly resilient to the
climate change impacts of bleaching and ocean acidification. Accessed 2019 from:
https://panorama.solutions/en/building-block/climate-resilient-coral-gardening
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T121 Investigating ocean pH
Mandatory practical

Gail Riches
Page 1501

Syllabus statement
At the end of this topic you should be able to ...

Investigate
the effects an altered ocean pH has on marine carbonate structures (Mandatory practical).
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Investigate
• carry out an examination or formal inquiry in order to establish or obtain
facts and reach new conclusions;
• search, inquire into, interpret and draw conclusions about data and
information
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Objective
The aim of this investigation is to compare the dry weight of
CaCO3 before and after being submerged for one month in
seawater with a pH of 8.1 (control), 7.8, 7.5 and 7.2
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Experimental design
Control
Seawater Batch 1

pH 8.1

CaCO3

Treatment 2
Treatment 1
Seawater Batch 2 Seawater Batch 3

pH 7.8

pH 7.5

Treatment 3
Seawater Batch 4

pH 7.2

Ideas!
• Crushed coral
Wash and dry
• Oyster shells
first to clean!
• Limestone
• Any other solid form of CaCO3
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Collect seawater from the ocean
Boil (to sterilize) and let it cool

• Be prepared to get your legs wet
• Make sure you have lots of helpers
or a trolley – water is heavy!
Image: Mudjimba Beach, Sunshine Coast, Qld. © Gail Riches
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Alternatively, make your own seawater using sea salt
For example, watch the video
https://www.youtube.com/watch?v=3yYuldmDxmc

Page 1507

Clean, dry, weigh and photograph CaCO3

• Use a fine-resolution digital scale to weigh the CaCO3
• Use a scale in the picture
• Label each photograph
Alternatively, [1]

[1]

Adapted from: Science Buddies Staff (2017). Swimming in Acid: Understanding Ocean Acidification. Science Buddies. Accessed 06.04.2019 from:
https://www.sciencebuddies.org/science-fair-projects/project-ideas/OceanSci_p013/ocean-sciences/ocean-acidification?id=1046#procedure
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Add CaCO3 to empty sample bottles

Empty
Sample
Bottle

Lid

CaCO3
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Label each bottle
Include:
•

Sample bottle number

•

Name of the photograph of CaCO3

•

pH (refer to experimental design)

•

Date

•

Mass (grams)

Sample Bottle #: ___
Photograph #: _____
pH: ______________
Date: ____________
Mass: __________

CaCO3
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Calibrate the pH meter

Image: https://www.jaycar.com.au/hand-held-ph-meter/p/QM1670

Image: https://www.indiamart.com/proddetail/calibration-of-ph-meter-service-4863590997.html
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Make 4 large batches of seawater

Control
Seawater Batch 1

Treatment 2
Treatment 1
Seawater Batch 2 Seawater Batch 3

Treatment 3
Seawater Batch 4
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Leave one untouched (control)

Control
Seawater Batch 1

Treatment 2
Treatment 1
Seawater Batch 2 Seawater Batch 3

Treatment 3
Seawater Batch 4

pH 8.1
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For the other three, add (one or more drops of)
vinegar (acetic acid) until reaching the desired pH

Control
Seawater Batch 1

pH 8.1

Treatment 2
Treatment 1
Seawater Batch 2 Seawater Batch 3

pH 7.8

pH 7.5

Treatment 3
Seawater Batch 4

pH 7.2
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Alternatively, to lower the pH, carbonate the
seawater with a soda-stream machine

Image: https://www.myer.com.au/p/source-power-silver-black-metal-machine-312867820
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Use the pH probe to check if you need to add more
acid or seawater

pH 8.1

pH 7.8

pH 7.5

pH 7.2
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Fill sample bottles (3 from each batch of seawater).
Fill all the way to the top and cap, leaving no space under the lid.
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Keep the left-over water. You may need it for later.
Control
Seawater Batch 1

pH 8.1

pH 8.1

Treatment 2
Treatment 1
Seawater Batch 2 Seawater Batch 3

pH 7.8

pH 7.8

pH 7.5

pH 7.5

Treatment 3
Seawater Batch 4

pH 7.2

pH 7.2
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Check pH the every day (if possible) and record
*If the pH has increased, lower the pH to the amount shown on the label

Why do you think the pH might have
increased in the treatment bottles?
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Leave for one month, but keep checking the pH

Sample Bottle # ___
Photograph # _____
pH: _____________
Date: ____________
Mass: __________
Image: https://blog.hootsuite.com/how-to-create-a-social-media-content-calendar/
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Use a sieve to catch all the CaCO3
__
_
# __
e
l
tt ___ __
o
B h # __ __
e
l
p ___ __
p
a
r
_
m
_
Sa otog ___ ___ ___
Ph : __ ____ ____
pH te: ___
Da ass:
M

One month later, empty bottles
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Rinse, dry, weigh and photograph CaCO3
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Calculate % change in dry weight for each
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Modifications
• Accelerate the test by further reducing pH
• Place sample bottles in the refrigerator
• Do not open bottles for the entire month and compare results
• At the 2 week mark, empty, dry, weigh and photograph CaCO3 before
continuing
• Use brine shrimp (Artemia salina) in aerated seawater tanks with
different pH’s to measure hatch rate, % mortality, etc.
For more information on the effect of pH acidification on Artemia eggs: Coral Watch
(2019). Effect of Ocean Acidification. The University of Qld
https://coralwatch.org/wp-content/uploads/2019/03/Effects-of-oceanacidification_CoralWatch_Marine-Science_Unit-3_2019.pdf
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Further activities
See
https://coralwatch.org/wpcontent/uploads/2019/03/Effects-ofoceanacidification_CoralWatch_MarineScience_Unit-3_2019.pdf
by
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