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Anatomy of a Coral Polyp

tentacles with
nematocysts
{stinging cells)

mouth X\;;\ .

zooxanthellae

nematocyst living tissue
linking polyps

digestive sac

limestone calice LBl ;
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[spawn-ing]

When aquatic animals release

- sperm and eggs into the water.
® Itis akey eventin creating

diversity in new generations

and replenishing ecosystems.

SPAWNING

GAMETE / BUNDLE

[gam-eet] / [buhn-dI]

An organism’s
reproductive cells.
Male gametes = sperm
Female gametes = eggs
The corals we
spawn produce
both egg and
sperm, which
are packaged
in bundles.

Scientists break the bundles up

to separate eggs and sperm. Eggs
from coral colonies of the same
species are mixed with sperm from
coral colonies of the same species
to create a mass culture. Fertilisation
is successful when the sperm and
egg combine and the egg shows
cleavage —becoming a zygote.

Photo: Carly Randall

LARVAE /PLANULA

[lahr-vee] / [plan-yuh-luh]

The zygote continues to go
through cell division creating an
embryo that develops into coral
larvae, known as planula, which

are free-swimming.

Photo: Carly Randall

‘ Not a story location.

‘ bundles emerge from within

SETTING

[set-ing]

In preparation to spawn,

the coral and “set” inside the
mouth ready for release.
Scientists look for this to
determine which corals are
likely.to spawn soon.

‘Nota small town or lawsuit payout.

PRGIRCarly Randall
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The planula traveliwith the currents
gr_nd need to find aguitable location
on the reef where it can attach. This
attachment is called ‘settlement.’
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suuuuraILulInaslsni15e (Types

Fringing reef

Barrier reef

of Coral reef)

Insights IAS

*Fringing reefs: reefs that grow close to the
shore and extend out into the sea like a
submerged platform.

®Barrier reef: reefs separated from the land by
wide expanses of water and follow the coastline.
Ex-Great Barrier reef of Australia

®Atolls: a roughly circular ring of reefs
surrounding a lagoon, a low lying island. They
are common in the Indian and South pacific

oceans.
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(Types of Coral reef)
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¢ nauﬂumﬁquuhmuu (Coral community on rocky
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Abyssal/Deep Sea Zone —\
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Ocean life is not evenly
distributed. Life in the
euphotic zone is very
diverse due to availability
of sunlight and diversity
of producers found in

this zone. We are still
discovering new and
exotic creatures of the
deep sea.

Region Area (km?) % of world total
Atlantic and Caribbean 21 600 7.6 shallow coral reef area
Caribbean 20 000 7.0
Atlantic 1600 0.6

. p
Indo-Pacific 261 200 91.9
284,300 km
Red Sea and Gulf of Aden 17 400 6.1 Q
Arabian Gulf and Arabian Sea 4 200 1.5 e 1
indian O 32 000 113 nundszina lne
e < 0.1% of the total area of the world's oceans
Southeast Asia 91 700 323 2
513,120 km
Pacific 115 900 40.8
Eastern Pacific 1600 0.6

Total 284 300 Spalding M, Ravilious C, Green E (2001) World atlas of coral reefs



The important roles of .~c0ral reefs

Habitat for marine lifes



Taking action to prioritise coral reefs can deliver benefits of
$2.7 trillion USD, contributing to the safety, nutrition,
CORAL R I ‘: I‘:F S economic security, health and wellbeing of millions of people

1 More than one billion people benefit directly from coral reef 60.000 The time that the Great Barrier Reef has

BILLION resources for food and as a source of income through been a part of the culture of Aborigional and
activities related to fishing and tourism YEARS  Torres Strait Islander people

1/4 Coral reefs support $36 Coral reef tourism contributes $36 billion
25% of marine life BILLION to global tourism industry annually

LA healthy reef can reduce coastal
97 /0 ave energy by up to 97%

$9 Healthy coral reef ecosystems reduce The prospect of finding a new drug in the /IC\R/I/

shoreline erosion and protect coastal housing, 300_400)( sea, especially among coral reef species, e

BILLION agricultural land and beaches with a global net may be 300 to 400 times more likely than CORAL REEF INITIATIVE
benefit of 9 billion USD/year isolating one from a terrestrial ecosystem

INTERNATIONAL




Threats to Coral Reefs in the world = S .
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Coral Reefs Classified by Integrated Local Threat Level
@ Low © Medium @ High @ Very High

World Resources Institute (2011)

® More than 60% of the world’s reef are under immediate and direct threat from local sources such as

overfishing, coastal development, watershed or marine-based pollution and damage.

® Approximately 75% of the world’s reef are rated as threatened when local threats are combined with
thermal stress.

® From 2000 to 2010, Fishing threat have increased by 80% related stressor facing coral reefs worldwide.

®* Almost 95% of coral reefs in Southeast Asia are threatened. (local human activities)

® Mass coral bleaching has now occurred in every region of the world.

FIGURE ES-1.
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REEFS AT RISK WORLDWIDE BY CATEGORY
OF THREAT

and Destructive Fishing
Marine-based Pollution and Damage
Coastal Development

Overfishing

Integrated Local Threat + Thermal Stress

Watershed-based Pollution
Integrated Local Threat

I Low
[ Medium
Il High
I Very High

FIGURE ES-2. REEFS AT RISK FROM INTEGRATED LOCAL
THREATS BY REGION

20

Indian Ocean

Atlantic ‘

Middle East
Southeast Asia

Bl Low
[ Medium
B High
B Very High



Chaolao reef, Thailand in 2019

Threats to Coral Reefs in Thailand




Understanding

CORAL BLEACHING EVENTS

AND SUNSHINE

HOT WATER

XL Catlin Seaview Survey
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4 GLOBAL EVENT

Currently, reefs in 53 countries are
@ National Oceanic and experiencing severe bleaching
v Atmospheric Administration Search NOAA sites @)

U.S. Department of Commerce

Home / News & Features

NOAA confirms 4th global coral TE—
bleaChing event 20% of reefs affected Il

Focus areas: Ocean & Coasts Topics: coral, coral reefs, climate Share: ¥ f & & 1sT MASS CORAL
BLEACHING EVENT

3ro GLOBAL EVENT

Prolonged crisis, 56% affected

2ND GLOBAL EVENT

April 15, 2024

<« 1980 | 1990 2000 2010

RISE IN GLOBAL OCEAN HEAT CONTENT (0-2000m)

NOAA Coral Reef Watch 5km Bleaching Alert Area Maximum (v3.1) 1 January 2023 - 10 April 2024
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Global Bleaching Event Index*

§ 2 |Event |Years Peak % Reef
Area Impacted
. - |GBE1 1998 20%
GBE2 2010 35%

GBE3 2014-2017 |56.1%

» | GBE4 2023-? 60.2% and
increasing

20°S

n 40°S
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Coral Reef Resilience Concepts

Threshold

Stable State Alternative Stable State » - ALGAE DOMINATED REEFS

Disturbances

® Resilience: the ability of a system to maintain key functions and processes in the
face of stresses or pressures by resisting to and then recovering from or adapting
to change.
® Coral reef resilience which includes two main elements
Resistance: the ability of a system to tolerate impacts
Recovery: the ability of a system to bounce back

® Forexample, a resilient coral reef system is able to absorb threats

CORAL REEFS ALGAE DOMINATED REEFS

Image by J. Minnerath, USFWS Image by Bureau of Land Management

without permanently switching to an algae-dominated state.

atlas.org.au



Resistance

Recovery

Coral disease

Herbivorous fishes

Coral recruitment

Human impact

Resilience

There are many indicators involved in both processes (resistance and recovery)
Positive indicators that help increase resistance and recovery

Negative indicators that decrease resistance and recovery

The following indicators as likely to be the most important to supporting the resilience of coral reef ecosystems




Floating / Planktonic
usually medusoid generation (i.e. bel-shaped jellyfish)

HYDROZOA
Colonial hydroids
with common float

Solitary medusa

HYDROZOA
Medusda with velum (fold around inner margin of bell)

—

HYDROIDA TRACHYLINA
Tentacles above bell margin

ATHECATA
Not connected
to long stem  Tentacles at bell margin

SIPHONOPHORA

Connected to
CUBOZOA
long stem Medusa with 4-sided bell
Ve -\\ e
@ ﬁ%ﬁt
LEPTOMEDUSAE NARCOMEDUSAE
Bell flat, gonads on Bell scalloped,
radial canals lacking manubrium
ANTHOMEDUSAE LIMNOMEDUSAE
Bell tall, gonads on Few marine, tentacles
manubrium (oral projection) holiow
SEMAESTOMAE
Graphic Key to Higher Taxa TRACHYMEDUSAE Bel flattened, mouth

Mather P. & Benettl. 1994, modified Bell entire, with manubrium with 4 long ams

s oo

HYDROZOA / CUBOZOA
Medusa without velum (fold around inner marginof bell)

CNIDARIA
with stinging cells

CTENOPHORA
without stinging cells

SCYPHOZOA
Medusa rounded

P

RHIZOSTOMEAE
Bell domed, mouth absent,
feeding canalson am

srulasan https://biophysics.sbg.ac.at/png/scans/taxa.jpg

CORONATAE
Bell divided into upper
and lower regions

Polypoid generation
(i.e. cup ringed with tentacles)

HYDROZOA
Polyps lack mesenteries

HEXACORALL

Tentacles or mesentefe

HYDROIDA

Solid calcareous skeleton

Fine horny skeleton

Polyps fack skelemn

" :
o] YAV :
iA N AN . /x-fa. S s
e Rgﬂ?”

LIMNOMEDUSAE Ry STYLASTERINA
Symbiotic with MILLEPORINA Polyps lack tentackles
Sabellid worms Polyps with clubbed tentacles

Stony corals with
calcareous skeleton

Solitary or colonial

A Vi

E L \ /¢ \
/1 (GO - &=

,q‘ ;ﬂ | 1 ACTINARIA CORALLIMORPHARIA f‘;‘\:f* 2
\,\G) with 2 gullet grooves i Gullet grooves weak or absent

hononlyph
ATHECATA THECATA R A CTIARIA
Polyps not protected by cup (theca) Polyps protected by cup (theca) with anal pore

Zoanthid

Anemone .
Corallimorph

Polyps with mesenterie

A/ ZOANTHARIA
in 6 (or multples of 6)

Polyps with skeleton

SCLERACTINIA ANTIPATHARIA
Black corals with
horny, thorny
skeleton

)

S
@i( "L

ZOANTHIDEA
With 1 gullet groove
(siphonoglyph)

Soft coral

Black coral

Blue coral

OCTOCORALLIA/ ALLYONARIA

fntacies and mesenteries in §f(or multiples of 8)

Hag¥fny (scleroprotein)
skeleton

alcareous skeleton

HELIOPORACEA
Blue coral, colonial,
solid skeleton of non-

(5 - spicular aragonite

ALCYONACEA
Colonial, fleshy body,
with spicular-cakite

skeleton

4 PENNATULACEA
{ Sea pens, colonial,
GORGONACEA unbranching axis,
Sea fans, colonal, b
branching skeleton,
spicules in flesh




sUnsera9lrn159 (Coral Life form)

1. dzn159nau (Massive coral) NANHLZITUAAUAL 1110
= Y Y a
NU ARYRRUIL
o £ v . a o v
2. Udzn159n9nau (Sub-massive coral) LANEUL UL
wanwandduluun eradlunomn o aanenaedialaitldnmn

NumiaulznifRau (Massive)

3. dznn59n9an1u (Branching coral) WANWALaLUAY a1a

19N9LaN ] 7198117 vraunaanilulfy (Tabulate)




sUnsera9lrn159 (Coral Life form)

4. dzn159naudan (Foliaceous coral) LilTLETLIN
1 v v 1 095 QI
wAR el ik usInga a0 A

5. dgn1saimaaul (Encrusting coral) lufuung 4
aziasryvlnnaauAgu AN Nan Atas)

Q [~
6. dzn159L¥im (Mushroom coral) wlunaumane
@ 49/ o dl 1 dl . =
panwin wantilulyniianetluuimen (solitary) Ae

dl v a A dl a
NUNNBUN L‘INEI\‘]WLNIW@‘]J




Coral Reef Biodiversity







HARD CORALS

® Phylum Cnidaria

Subclass Hexacorallia, Order Scleractinia

® Each polyp has 6 tentacle or multiples of 6

Stinging cells called nematocysts

Production of calcium carbonate (CaCQO,)

¢ Symbiotic relationship with photosynthetic

dinoflagellate algae called zooxanthellae
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Echinopora




SEA ANEMONES

® Phylum Cnidaria

Subclass Hexacorallia, Order Actiniaria

Each polyp has 6 tentacle or multiples of 6
¢ Stinging cells called nematocysts

¢ Symbiotic relationship with photosynthetic
dinoflagellate algae called zooxanthellae




CORALLIMORPHS

® Phylum Cnidaria

® Subclass Hexacorallia, ' L R
Order Corallimorpharia 4 LG

” ® V
N -

® Each polyp has 6 tentacle o, TR 4 £
///pﬁ s Y
AR 0 Sl o s >

R
i

D
»
%

. L XIS L i
or multiples of 6 N rans”
/ \ -,

® Stinging cells called
nematocysts

® Symbiotic relationship with
photosynthetic

dinoflagellate algae called
zooxanthellae




ZOANTHIDS

® Phylum Cnidaria

® Subclass Hexacorallia, Order
Zoanthidea

® Each polyp has 6 tentacle or
multiples of 6

¢ Stinging cells called nematocysts

® Symbiotic relationship with
photosynthetic
dinoflagellate algae called

zooxanthellae
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® Phylum Cnidaria
® Subclass Octocorallia, Order
® Each polyp has 8 tentacle or
¢ Stinging cells called

polyps are supported by
flexible protein called gorgonin

Gorgonacea
multiples of 8
nematocysts
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SPONGES

® Phylum Porifera

* TA39919U895719N"8 (Skeleton)

4

ﬂ%ﬂ@ufﬁqwuguw'mﬁﬁ (Spicules)ay/
wradulanedtin (Spongin fibers)

1
1 o/

* adaflugnuuarviatiinszanagjiin
17

* Jszuvuviatiy (Water canal system)
Usznausaevieldan < auatsadurien
i1 (Ostium) uazviatiraan (Osculum) @4

| = 1 =
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* LHaaNLAL (Choanocytes) NMUHNAAL
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WORMS

® Phylum Platyhelminthes
® Phylum Annelida

¢ Soft body that is much longer
than it is wide

® Some worms may appear

totally unworm-like, look more

like flowery creatures

® Many worms make tubes to
protect their soft bodies against
predators and drying out




MOLLUSCS

Phylum Mollusca

Include Classes

Gastropoda (snails and slugs)

Bivalvia (clams)

Cephalopoda (octopus, squids
and cuttlefishes)

® Soft body

® To protect this soft body, some
snails produce a shell
















SHRIMPS

®* Phylum Arthropoda
® Subphylum Crustacea

® Harded outer skeleton
(exoskeleton) called the cuticle

® Jointed legs

a o | o dl
* dauwsnardauansannui
NTYAf9AIULL 38N91 cephalothorax

oh



CRABS

® Phylum Arthropoda
® Subphylum Crustacea

® Harded outer skeleton
(exoskeleton) called the cuticle

¢ Jointed legs

a o | % dl
* NdquiiuazdtuansNiuy
NTrABIATIULIU L78N91 cephalothorax







ECHINODERMS

® Phylum Echinodermata

® Most have spines and a 7 ' S , b

i
Wi

d

five-part symmetry » Tt - Blunkansg o b
® Internal skeleton made up
of an arrangement of ossicles
(plates made mostly of

calcium carbonate)

* Jszuuviann (Water-

vascular system) 1 kn1g
LARAUNLAZUIDIUNT
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ASCIDIANS

® Phylum Chordata
® (Class Ascidiacea

® These have a stiff notochord (a
primitive spinal cord)

® Form colonies with many individual
animals called zooids

® Some ascidians have a sturdy
outer coat called tunic

® Tend to be smooth and slimy

e gaaln 2 6]]@%’]@ “I]’Nu’]L“]J'WGNLﬂu
110 LL@JI]’N‘L&’]@@T] GNE\I?JIA’W‘ILZ\]ﬂﬂ‘JW




FISHES

® Phylum Chordata

® Target species

- commercially-important by fishermen

- Serranidae/ Lutjanidae/ Haemulidae/ Lethrinidae
® Indicator species

- indicate the reef condition

- Chaetodontidae/ Scaridae/ Pomacanthidae

® Major families

- less commercial importance

® Functional groups

- Carnivore/ Herbivore/ Omnivore/ Planktontivore/
Scavenger/ Corallivore













Bellwood et al: (2004)










Indicator species Count/Total Indicator species Count/Total
Parrotfish/ Rabbitfish/ Surgeonfish
Cashion star
Sea cuc| umber (all species) Wrasse (all species)
N\ '\
Black sea urchin Butterfly fish (all species)
Crown-of-thorns starfish Ray (all species)
(ﬂ e | M
Y !\ L) -
Nudlbranch (all species) Shark (all species)
Octopus/ Cuttlefish/ Squid Sea turtle' all species)
anzinaluladnion:ia umdnerasyswr Snenwasunys

meld lasoms33u3ov “msWwaukdngasysanmsiwowuuiny: msn§uu$d1umsuam doau usanmvItuusssu ua:ndlyy ImsWauunnswensuusdagwdodu

(audvws:s1sdr3TasomsoysnuWugnssUWBSUITIVLIINWS:SIABAUIGIWSINWSAUSIBFONY ABIWUSUSIWALIE)”

Indicator species

® Fishing pressures/ Aquarium trade
® Grazing herbivores

® Population outbrakes

® Good reef health/ Biodiversity

® Reef cleaner (detritus/algae)

® Top-down control






