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Introduction to Coral Reefs

Coral Reef Ecosystems

Key for coral reef habitat

1 black-capped petrel 16 muricid snail

2 sea nettle 17 nudibranch

3 angelfish 18 sponges

4 lobed corals 19 colonial tunicate

5 sea whips and soft corals 20 giant clam
6 triggerfish 21 purple pseudochromid fish

7 sea fans 22 cobalt sea star

8 tube anemone 23 soft corals

9 orange stone coral 24 barber pole shrimp
10 bryozoans 25 sea anemones

11 brain coral 26 clown fish

12 butterfly fish 27 worm tubes

13 meray eel 28 cowrie

14 cleaner fish 29 sea fan

15 tube corals
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“Coral Reets”

Geologic Context
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Basic Coral
Biology

(molluscs)

ollusca
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Ctenophora (comb jellies) > @

Cnidaria (cnidarians) >

protostomes deuterostomes
(first embryonic (second embryonic
opening is mouth) opening is mouth)

coelomates
(body cavity completely
lined by mesoderm)

pseudocoelomates
acoelon'\ales (body cavity not completely
(no coelom) lined by mesoderm) Planes of symmetry

radial symmetry bilateral symmetry
diploblastic triploblastic
(two germ layers) (three germ layers)

multicellularity
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Biological Context of Reefs

Cnidarian Life Cycles

» Life Cycle is 1 to 2 Phases

medusa

budding

astrovascular cavit
- Many only have 1 phase l By T 4 .
(Polyp or Medusa) mouth
mesoglea
- When both are present... sporm C;g
Phase 1= Polyp (asexual phase) povp gy T )
Phase 2= Medusa (sexual phase) Q)& de

o Class Anthozoa: Anthozoa Hydrozoa Scyphozoa
+ Sea Anemones: solitary polyps Jellyfish  True Jellyfish

- Corals: colonial polyps (usually) e

o Class Hydrozoa:

- Jellyfish with colonial polyEs &
free-swimming medusae phases

- ex. Obelia & Portuguese man-of-war

o Class Scyphozoa:

* True Jellyfish: small polyp (Fhase 1) colonial polyps  small polyp with
& large, pronounced medusa (pase 2) h free-swimming Jarge, pronounced
‘medusa phases medusa phases

(Mader 2001; Fig. 21.4; p. 266)
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Biological Context of Reefs
The Biology, Reproduction, & overall Life Cycle of Corals

Sexual or Asexual
Reproduction

\ r\ Tentacle

Gastrovz.lscular M edusa :
cavity

,,,,

@ Sperm
Free-Swimming |
Larval Stage
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Biological
Context of
Reefs

Coral Growth &
Reproduction

 This figure depicts
Coral Reproduction by
a Spawner

Corals need a hard
substrate to attach to

Grow in direction of
current/wave action
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Biological Context of Reefs
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Biological Context of Reefs

Geographic Distribution & Diversity of Corals
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Geological Context of Reefs

Thery of
Subsidence
of Atolls
and Coral Reefs

On leaving the Cocos Islands on the 12th April 1836, Charles
Darwin wrote, T am glad we had visited these islands, such
formations surely rank amongst the wonderful objects of this
world, We feel surprise when travellers tell us of the vast
dimensions of the Pyramids and other ruins, but how utterly
insignificant are the greatest of these when compared to these
mountains of stone accumulated by the agency of various

minute and tender animals! This is a wonder which does not at
first strike the eye of the body, but after reflection, the eye of
reason.”
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Geological Context of Reefs

TYPES
OF CORAL REEFS

EVOLUTION

OF CORAL REEFS

Types & Evolution of Coral Reefs

Y |
y /
/'/ / Lagoon
y / Lagoon (/
Fringing reef 7 Barrier reef Atoll
(a) TYPES OF CORAL REEFS Vertical growth Vertical growth
of coral _ Lagonn of coral
Y.
/
Subsndence Subsndence Subsidence
Fringing reef Barrier reef Atoll
Limeslone

Sediment
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Geological Context of Reefs

Types & Evolution of Coral Reefs

o Fringing Reefs
 Cling to land
o Areas with low rainfall & clear water

VOLCANIC ISLAND

CORAL GROWTH

BARRIER REEF

SU3SIDING VOLCANO

o Barrier Reef
« Separated from land by a

« Great Barrier Reef is the largest structure
made by living organism (135,000 mi?)

o Atolls

 Ring-shaped island of coral reefs
surrounding a lagoon

« Formation: Volcano - Fringing reef
—> Barrier reef - Atoll

« > 1000 feet of coral fragments beneath
present reefs

CORAL REEF LAGOON

ATOLL
VOLZANIC PEAKS

REEF & BEACH LAGOON
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Geological Context of Reefs

o Spur & Groove
Formations

» Adaptation to
&

-
o

-h
12
L

Depth [m]

e Mechanism for 20,
Sediment

during storms
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Importance of Coral Reefs

Protection from Wave Erosion
« Mitigate Hurricane Damage

» Base of the food chain, providing habitat

& protection
* Economic reasons — Food/Tourism

 Enhances Quantity & Quality of Life
* Beauty

Jennifer Lentz Coral Reef Ecology 9 15



Current Status of Corals

:‘; PaSt "r"fse‘:i'-.. 4 Present

:::::

Fig.3.15a: Images from a Caribbean coral
reef. Major storm events change a reef
from a more or less intact community to
one dominated by dead coral, algae and
bioeroders

Jennifer Lentz Coral Reef Ecology (Madl 2005; Fig. 3.15a)
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Coral Stressors

Biotic

Growth & Reproduction

Inter-/Intraspecific
Competition
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Abiotic
Physical impact by:

Sedimentation,
wave
stress,

Salinity

«
EMR
(UV,

Vis,
-,

IR)

NI/ and

Chemical
(e.g. xenobiotics,
toxic pollutants, etc.)




Coral Stressors |
Over-fishing

Predators
(e.g.humans

direct effects
indirect effects
positive effect

negative effect

Herbivores
(e.g.surgeonfish,
parrotfish,
sea-urchins)
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Coral Stressors

Fig.3.8a: Dynamite or blast fishing is a practice in which fishermen use explosives to kill and harvest fish. Although it is illegal
it is practiced in forty countries worldwide and is a major threat to coral reefs . The explosion, which indiscrminately kills
all fish within the blast radius also destroys living coral. An explosive the size of a coke bottle will shatter to pieces all stony Madl 2005;
corals within a three meter radius. Repetitive blasting in an area reduces coral to rubble, which cannot support marine life Fi 3 8 ) ¢
f 1g. 3.04
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Coral Stressors

Fig 3.8b. Although the practice has been outlawed in most countries, and (Madl 2005
despite many importers of of reef fish refuse to acept cyanide-tainted : 5
fish, widespread use of cyanide continues to devastate huge areas Fig. 3.8b)
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Coral Stressors

Hyvdrocarbon Pollution from Oil Spills

SN’ » _
4 - -

-

< Sl
» “‘
-
b )
o ‘-\x o~
- L")
o o
, N « .“,\ i
2 e
f . 3
*
e R 5, {
-t : NS °
- e 3 - L0
AR R e L o,

Fig.3.10a: Crude oil polluting reefs in the
Caribbean (left), oil washing on the
coast of the northern Gulf of Aqaba /

Jennifer Lentz

S Eilat following an oil spill (right).

Coral Reef Ecology (Madl 2005; Fig. 3.10a)




Coral Stressors
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Fig.3.4b: Nutrient pollution and sedimentation from coastal development blocks sunlight, (Madl 2005;
thereby reducingthe coral's viability. Bryant et al. 1998, Loya 2004 Fig. 3.4b)
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Sea Surface Temperatures (SST)

Jennifer Lentz Coral Reef Ecology

Coral Stressors: Temperature

Mass mortality
lethal Dose

sublethal Dose
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Year




Coral Stressors: Temperature

Zooxanthellae Zooxanthellae expelled Dead skeleton covered in
in coral tissue from tissue filamentous algae

Water temperature increases Prolonged temperature stress

Heathy coral Bleached coral Dead coral
(Marshal & Schuttenberg 2006)
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Coral Stressors: Temperature

Zooxanthellae Zooxanthellae expelled Dead skeleton covered in
in coral tissue from tissue filamentous algae

"l"

Water tem perature increases Prolonged temperature stress

Heathy coral Bleached coral Dead coral

Weeks - (Marshal & Schuttenberg 2006)
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Coral Diseases

Coral Diseases
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Exponential increase in the number of described coral diseases since the first
since the first report of disease in 1965.
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Coral Diseases

Dark Spots Disease/Syndrome
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Coralline Lethal Orange Disease . . - — —
(CLOD) Pink Line Disease/Syndrome (&

 Fig!'5.8; DSD/S: Fig. 4.9; PLD/S: Fig. 4.10)
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~ Coral Diseases

Red Band Syndrome (RBS) White Plague Disease (WP

e ™

Yellow Blotch Disease (YBL)

1;WPL: Fig."4.20-4.21; YBD: Fig. 4.23)
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Coral Diseases

White Band Disease White Pox Diseas
(WBD) (WPX)
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Surface of the BBD Microbial Mat
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Vibrio (fermentor)

. Desulfovibrio

Coral skeleton

Stylistic cross-section of the dominant microbes of the microbial consortium
making up the BBD mat. Note: this diagram is not done to scale.
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Coral Diseases

Caused by the terrestrial , Aspergillus sydowii

Causes irregularly shaped white crumbly patches on Gorgonian sea fans
Visually identified by the purple line inbetween the diseased & healthy coral
The fungus is carried from Africa to the Caribbean by the trade winds
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What can be done?

Marine Reserves- preserve breeding stocks!
e No Anchoring

* Reduce stressors — pollution, sediment, cruise ships!
« Ban humans after bleaching events

» Seed reefs with fast growing Acropora spp.

e Re-introduce Diadema urchins

* Clean algae off dead corals to increase

Create Artificial hard substrate for coral recruitment

Jennifer Lentz Coral Reef Ecology
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Positive Note

110 miles from coast
e 66 ft-150 ft deep

« No anchoring

« No discharges
 Fishing by hook/line
« No take zone

Reefs Healthy and

e for Caribbean reefs

« Warm Eddy water

Jennifer Lentz

Flower Garden Banks National Marine Sanctuary

« provide breeding stock

« Bathed in Loop Current

2500 mi
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Gulf of
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Window in the Waves:

The Flower Garden Banks

10 minute Documentary Video

Jennifer Lentz Coral Reef Ecology



» Question:

What is the name of the chemical
compound that corals secrete to form
their “skelleton,” making up the geologic
framework or structure of reefs?
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Nematocyst.

Ectoderm-__

Coelenteron-__|

Endoderm—— ;

Endosymbiont
Corallite
Calice

Fossa
Peritheca
Costae

Theca
Paliform lobe -
Columella
Septum

Entothecal
dissepiments

Exothecal
dissepiments

Mucocyst

Polyp

Tentacle

__—Mouth

" Stomodaeum

____— Gonads

Mesogloea

\

~ Mesenteries

Fig.2.3: Schematic diagram of the major anatomical elements of the basic skeletal
features of scleractinian corals.
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Floating eggs form slicks on the surface
and drift with currents for 4-5 days

Development of zygote
progressive cleavage

Cell division begins 2 -18 hours ™=

1-2 hours after
.. spawning
Planulae larvae
develops and drifts
drift with currents
for 4 days

Planulae begin
searching for a
suitable substrate
to settle on

4 or more days *
after spawning

Colony may take / 25
4-5 years to -
sexually mature A

“*"Polyp begins
to develop

and lay down
a skeleton

e

Colony begins
~ to grow through
polyp budding

Synchropous felea;e of sperm and egg bundles
which quickly rise to the surface
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Biological Context of Reefs

Basic Coral Biology

Tentacles with
stinging cells

Epidermal

Mouth

Digestive
cavity

Interior
partition

Symbiotic
zooxanthellae

Mesenteric
filaments

Layers of
calcium
carbonate
forming a
skeleton
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Biological Context of Reefs

Basic Coral Biology I, VR N
stinging cells f _\— S

Epidermal

tissue Mouth
Digestive
cavity
Interior
partition

Symbiotic
zooxanthellae

Mesenteric
filaments

Layers of
calcium
carbonate
forming a )
skeleton *

; Fig. 15.6; p. 412)
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Coral Stressors

Temperature

Mass mortality

31 1 p
_ Porites
lethal Dose " } Death
4 _Acropora

30 ,

sublethal Dose ik } Bleaching
29 1 . Acropora

Sea-SurfaceTemperature [°C]

1 Ll T j | | § L J Ll ) L ;| L L N L ) | L L LS R |

1860 1900 1950 2000 2050
Year

Ll T

2100

Fig.3.12b: Computed predictions of differences in bleaching and mortality tolerances among species
piotted against a gradual increase in sea-surface temperature (ECHAM4/OPC3 based on the
atmospheric-ocean coupled ICE-Model of the Max Planck Institute). The bandwidth in tolerance
for both sub- and lethal thresholds are species dependent with Acroppora-species being more
susceptible than species of Porites. The predictions cover a temporal window of 240 years
(1860-2100) and include the effects of ENSO (EI-Nifio, Southern Oscillation) to match with i
the IPCC 1992 scenario. Hoegh-Guidberg, 2004 ’
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