eCoral Reefs

ECONOMIC IMPORTANCE (>$4 billion/yr)
« coastline protection -

« tourism revenue, jobs .

o fishery production

* non-fishery products

Stichopus fuscus [}'8
sea cucumber,
Galapagos

Distribution of Coral Reefs
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Optimal formation in 23 - 29°C water, 34-37 psu, up to 100 m depth
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The Importance of Coral Reefs

ECOLOGICAL IMPORTANCE
¢ 0.1% of ocean area
e >25% of marine diversity
¢ most productive marine ecosystem

Over 25 per cent

of all marine species
live in coral reefs, yet
they cover an area
about half the size

Populations have declined 98%
in Galapagos since 1993

Figure 5: Global sea
cucumber harvest,
based on FAO data
(Purcell et al., 2013).
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Distribution — Caribbean Distribution - Indo-Pacific

and the margins of Caribbean islands

The “Coral Triangle” \
Why no coral reefs in Galapagos?
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Oligotrophic

Reefs occur in warm, clear waters with low nutrients, and are harmed by nutrient loading
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Pavona spp.
boulder corals

Three common corals
in Galapagos

Corals and Relatives

Phylum Cnidaria
« corals, sea anemones, jellyfish, sea
pens, sea wasps, hydras
medusa and/or polyp form

all have stinging cells: Cnidocytes
with nematocysts
Corals are in what class?

Pocillopora spp.
finger corals

Tubastraea coccinea
orange cup coral
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Reef-Building Corals

“'Stony” corals — the reef builders!
¢ Order Scleractinia
* hermatypic: reef-building
o calcification deposit CaCO; skeleton
* most contain zooxanthellae
* 6 tentacles / septae
mostly warm, well-lit, oligotrophic water
ek, " ”

Zooxanthellae = dinoflagellate endosymbionts
supply hermatypic corals with 50-90% of their energy needs

build the reef!
complex 3D_habitat
huge substrate %
diverse homes for fishi
food

Non Reef-building Soft Corals

‘?% Corals
25

“Soft” corals

Order Alcyonacea

ahermatypic = don't build reefs
sclerites = skeletal elements, may give
bumpy appearance

some contain zooxanthellae

8 tentacles

most colder, low light, nutrient-rich water
sea fans, sea plumes, sea whips

Alcyonacea = “soft corals” ahermatypic
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Coral Reproduction - Sexual

L R settlement
ol a
_ - l fertilization

Q

Planktonic planula

Highly synchronized annually with moon phase & temperature

Release of gametes Establishment

Why do corals synchronize spawning?

 Increase chance of fertilization

« Predator-satiation hypothesis

Types of Reefs

Land subsidence and erosion converts young fringing reefs to barrier reefs, and finally to atolls

Barrier reef Coral Atoll
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Coral Reproduction - Asexual

Asexual “budding” responsible for most reef growth.

e clonal growth after
settlement

» regeneration after damage

Calcareous algae
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The Reef Community

Fringing reefs, Barrier reefs and Atolls

HORIZONTAL

pounding waves,
dominated by coralline algae

shallow, protected, warm
sandy with patch reefs
sea grass
currents, colder
“finger canyons” or “spur and grQove”
diverse

Zonation on a typical fringing reef

Spur-and-groove formation

The Reef Community Competition for Light & Space
VERTICAL COMPLEXITY
COMPETITION
e Light
e branched corals = fast growing, light demanding
* mound corals = slower growing, more shade tolerant

rn coral - Acropora palmata

Competition for Light & Space Natural Disturbance & Diversity
COMBETTTION e hurricanes, typhoons
* Space « chilling / warming episodes

e coral vs. algae o catastrophic low tides
e coral vs. coral e flooding / sedimentation
» nematocysts & inhibitory chemicals = outbreaks

e T ¢ organism outbreaks

more
branched

HIGH RESILIENCE
RECALL INTERMEDIATE DISTURBANCE HYPOTHESIS
e.g. reef crest - constant wave action: only coralline algae
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Primary Productivity

Coral reefs have enormous gross primary productivity
compared to the surrounding ocean PRIMARY PRODUCERS
7 * Macroalgae
GPP = 5-20 g C/m?%/day « calcareous algae
* macro-algal mats
NPP ~ 2500 g C/m2/yr important food source
fast growing
competes with coral for space
some invasive

Trophic Groups - Primary Producers

(similar to rainforests)

TERTIARY
CONSUMERS

SECONDARY

CONSUMERS

f PRIMARY
CONSUMERS

PRIMARY o el Caleareous Algal Phytoplanktan
*PRODUCE [y i Microscopic

RS Epiphytes

Trophic Groups — Planktivores Trophic Groups - Herbivores

— feed on suspended plankton and POM HERBIVORES

« Filter feeders — relies on currents, sifting structure
* sponges, polychaete worms, bivalves
« corals = heterotrophism increases with depth » fish: damsels, surgeons, parrotfish
¢ Fish, birds, whales  urchins, gastropods
o gill rakers in fish
e e.g., herring, whale shark, pelican, baleen whales surgeonfish o *

* “Grazers” — feed on algae

nudibranch

Ecological Interactions - Herbivory Importance of Grazing on Reefs

GRAZING CASE STUDY - Djadema antillarum urchin
; 1980 hurricane killed coral

1984 — die-off of Diadema urchins
overfishing had reduced other grazers
algae smothered corals

>75% coral mortality in Jamaica

 prevents competitive exclusion of coral by algae
* 50 - 100% algae cover removed by grazers

« 1 algal diversity, | algal cover

« opens up space for coral recruitment

Essentially irreversible

Multiple stressors h
virtually eliminated coral reefs
from Jamai
[ vibrant coral reef now
smother th algae
devoid of coral and fish.
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Damselfish — a keystone grazer
Wi - o .-
o algae “farmers”
e exclude other herbivores
. d « coral cover | outside territories ;
 contribute to
heterogeneity/diversity
R -

>

-

Trophic Groups - Piscivores

Piscivores — eat fish
50 - 70% of fish
solitary
schoolers - surround prey and avoid
predation

sit-and-wait predators
import nutrients to reefs

Shark Tracking

Tiger Shark ( Galeocerdo cuvier)
Last ping: Jan. 14, 2015

-

OCEARCH.org/#SharkTracker
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Trophic Groups - Corallivores

« specialized “beak” for biting coral

* help to maintain coral diversity

o transfer NPP up the food chain
create sand

Large Predators

often migratory & nocturnal
attracted to reefs for prey
top-down control of prey
harmed by overfishing

TR

Gt

White-tipped Reef Shark
Nocturnal Foraging in Packs

o/
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Ecological Interactions - Predation

AVOIDING PREDATION - major pressure!
schooling (strength in numbers)
spines (urchins, fish)
shells (bivalves, crustaceans)
stinging cells (cnidarians, nudibranchs)
toxicity + aposematic coloration (nudibranchs)
disruptive coloration — bold banding
inflating (pufferfish)

Crypsis: A scorpionfish on a reef

Ecological Interactions - Predation
Acanthaster planci - The Crown-of-Thorns.
CROWN-OF-THORNS STARFISH (COTS) Star
natural population booms in Indo-Pacific
devours coral
natural predator harvested for shell — Triton
blast-fishing inhibits coral recovery
overfishing takes out grazers
algae takes over (Alternate stable state)

increased survival of
COTs larvae due to
nutrient loading and
absence of
predators

Crypsis: A flounder on a sandy bottom

Ecological Interactions - Mutualisms Maintenance of Diversity — Reefs vs Rainforests

Many, many on the reef

o o I Competition leads to niche-partitioning

anemonefish Grazing and predation prevent competitive exclusion
cleaning stations: wrasses, barberfish Natural disturbance plays a role

Reefs are resilient, but vulnerable
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Introduction to Coral

Reefs

SR

Thanks for listening!

Role of Filter / Suspension Feeders

Planktivores & Detritivores (POM)
« corals (heterotrophism t with depth)
e others?

* importance?

« fish also are important planktivores!

The Role of Piscivores

« reef residents:
¢ schooling: jacks, barracuda
e sit-and-wait: eels, rockfish
e migratory: tuna, sharks
* nutrient import/export
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Importance of Grazers

GRAZING

« fish, urchins, sea turtles

* 50 - 100% algae removal

« prevents competitive exclusion of coral by algae
« |algal cover, t algal diversity,

« removal of herbivores (fishing) = ! algae cover

The Role of Corallivores

« Butterflyfish, Pufferfish
Parrotfish, Triggerfish, Sea stars

* help to maintain coral diversity

e transfer coral NPP up the
foodchain

Video Census of Fish
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Human Impacts & Threats

REEFS AT RISK...Overfishing is #1
* 88% of SE Asian reefs threatened
* 66% of Caribbean reefs threatened
* 50% coral loss on U.S. reefs
* major cause = coastal development

 Climate change now major threat...
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Ecological Interactions & Synergisms

CASE STUDY: Crown-of-Thorns seastar
o Acanthaster planci corallivore
e increasing outbreaks in Indo-Pacific
¢ humans harvest predators
« increased larval survival
blast-fishing / sedimentation inhibits
coral recovery

overfishing: algae takes over

| Acanthaster planci- The Crown-of-Thorns |
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Rainforests vs. Coral Reefs

SIMILARITIES
High productivity

Nutrient poor substrates
Diversity disproportionate to total area

Structurally diverse
Complex food webs
Globally threatened

“Coral reefs
are rainforests
of the sea”
—is this a
good analogy?

DIFFERENCES

More species in rainforest, more
phyla in coral reefs.

Rainforests: beetles, plants and birds.

Reefs: molluscs, fish and algae

Ecological Interactions & Synergisms

CASE STUDY — Diadema antillarum urchin

1980 hurricane killed coral
 usual algae proliferation

1984 — Diadema die-off

¢ 93 - 99% mortality in Caribbean
overfishing: reduced other grazers

overgrowth of algae

>75% coral mortality in Jamaica

Alternate stable state

¢ Essentially irreversible

A science communication
agency based in Melbaurne,
Australia

Wie b senersts and seener organnations
present their abes i prblc ypace.

Read more about our work

© Media relexses
@ Conferences
© Bullezing

© Seience prizes
© Tralning

© Cuo srudies

Our peaple

Niall Byrna
+41 417 131 577

nullisoencempublc com s

Sarah Brasker

The Great Barrier Reef has lost half of its coral in
the last 27 years

Can we save the Reef by controlling crown of thorns
starfish?

The Great Barrier Heef has lost half ias
caral caver in the lss 17 years. The loss
was due to sorm damage (48%), crowe of
thorns starfish (47%), and bleacking {10%)
sceardng 1o & new study publibed m the
Proceedings of the Mational Academy of
Sciences today by researchers from the
Auetralan latitute of Marine Science
[AIMIS) in Townsville and the University of
Wadongang

“We can't stop the storms bus, perhaps we can s2op the sardah. If we can, then
the Reef wil have more apporsunity to adapt o the challenges of raing sea
tamparatures and ocean scidification, s [oha Gunn, CEC) of AIMS.
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Signs of Stress: Coral Bleaching

common response to temperatures >30°C
high temp or low temp
high CO,
low pH
low O,
rapid, reversible if short
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From despair to repair: Dramatic decline of '
Caribbean corals can be reversed

etn oy asous

Conecarpus zone
(Butionwaod) {Bisck mangrove) Rhizophora zone

Human Impacts & Threats

Destructive fishing

Bottom Trawling
Blasting

¢ high bycatch and collateral
damage

Aquarium fish trade
* poorly regulated

* 60% to U.S.

¢ >90% mortality

* Marine Aquariums Council
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Bleaching Hotspots

Laguncularia zone
{White mangrove)

Avicennia zone

(Red mangrove)

Lagean

Human Impacts & Threats

Tourism

o coastal development
» boat anchors, trampling
¢ sewage, sunscreen, trash

¢ 25 out of 30 Caribbean countries

Ex.: Maldives

snorkelers damaged 17% branched coral, 7% of all
coral

Tourists stepping“on cofal

Barrier (roef)

el1
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Human Impacts & Threats Signs of Stress: Disease

Sedimentation

» deforestation

* coastal development

e« dredging

« up to 50 mg/cm?/day = 50X normal rates

Black Band Disease
White Band Disease

perhaps due to increased mucus secretion

Effects

* blocks light

« physically clogs polyps
* increased disease

o coral bleaching

« eutrophication

Human Impacts & Threats

EXACERBATING NATURAL DISTURBANCES

Climate Change
« rapidly increasing sea temperature
* ocean acidification

« increased intensity / frequency of
storms

o sea level rise

Effects on Coral Reefs

« coral bleaching

* reduced calcification rates
« increased mortality

« reduced growth

1996 - Healthy 1997 - Bleached
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