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Tropical Corals 
Ecosystems

44 THE SCIENTIST August 2010

CORALS

There is considerable concern that similar losses are now begin-
ning world-wide, with global climate change and ocean acidifica-
tion driven by increased CO2 production presenting even larger 
challenges to conservation and recovery. 

Conservation and restoration of coral 
reefs is currently focused on establish-
ing marine protected areas where local 
stresses such as fishing and pollution are 
reduced or eliminated. However, these 
boundaries affecting human use of the 
area don’t afford reefs with protection 
from stresses such as pathogens, storms, 
ocean-acidification, and elevated sea-sur-
face temperatures that do not stop at polit-
ical or regulatory borders. This being the 
case, the effectiveness of marine protected 
areas in lessening global-scale stresses can 
be questioned. However, recent analyses 
demonstrate that marine protected areas 
are useful despite global-scale stresses, 
and also suggest possible improvements in management options 
for conserving healthy reefs and reviving damaged ones.

Marine protected areas are assumed 
to serve two critical functions for coral 
reefs: first, to protect the community in 
the marine protected area from further 
damage, and second, to allow the corals 
and other reef organisms in the marine 
protected area to reproduce and provide 

larvae that can facilitate recovery of adjacent communities. The 
first function has recently been demonstrated; the second is more 
debatable. 

Recent studies show that marine protected areas indeed 
help increase reef resistance to, and recovery from, global-scale 
stresses, at least within the protected areas. In 2010 Elizabeth 
Selig and John Bruno from the University of North Carolina at 
Chapel Hill published a world-wide comparison of coral cover 
inside 310 marine protected areas versus similar unprotected 
reefs.12 They found that average coral cover remained constant 
over recent years in marine protected areas while cover on unpro-
tected reefs declined. Additionally, coral cover in older marine 
protected areas tended to be higher than in newer ones. This anal-
ysis covered 1969-2006 so it includes the severe global bleaching 
event of 1998. Bleaching occurs both inside and outside marine 
protected areas but coral recovery was quicker inside marine pro-
tected areas due to the greater abundance of herbivorous fishes, 
which initiated a feeding cascade that reduced seaweeds and pre-
vented their suppression of corals.4,8,9,11

Maintaining an intact food web (a complex of interrelated 
food chains) of diverse fishes can even diminish coral disease. 
Laurie Raymundo and her colleagues at the University of Guam 
observed a higher frequency of coral diseases on more heavily 
fished reefs. In particular, it appeared that overfishing removed 

predators that were controlling a group of coral-feeding fishes 
that also transmitted coral disease from one coral to another. So, 
the coral-feeding fish, which became more abundant with their 
predators removed, transmitted more coral disease as they fed.

Multiple man-made stresses exacerbate damage to coral 
reefs. Although bleaching is a response to high sea surface tem-
peratures associated with global-scale stresses, local man-made 
stresses also have an effect, suggesting that even local-scale man-
agement can affect coral response to global-scale disturbance. In 
a recent overview of coral bleaching and climate data, a group 
of collaborating marine scientists lead by Jessica Carilli from 
Scripps Institution of Oceanography in San Diego noticed that 
the first large scale bleaching in the Caribbean occurred in 1998 
despite the fact that both 1937 and 1958 were warmer years.14 
This suggested that temperature alone was not driving bleaching. 
Further analysis indicated that bleaching was better explained 
by temperature together with nearby human population density 
than by temperature alone, suggesting that chronic local stresses 
depressed heat tolerance and increased the risk of coral bleach-
ing. Local man-made stresses also slowed coral recovery follow-
ing a bleaching event. After the Caribbean bleaching of 1998, 
growth rates of the important reef-building coral Montastraea 
faveolata took 8 years or longer to recover in areas with more 
man-made disturbance but only 2-3 years in areas experiencing 
less man-made stress. 

While it is well established that stresses such as bleaching, 
disease, overfishing, and pollution tend to suppress corals and 
enhance seaweeds, the mechanisms involved have been clarified 
only recently. Meta-analysis of experiments manipulating her-
bivorous fishes and nutrients show that the former are critical for 
suppressing seaweeds on reefs while the latter play a much lesser 
role.6 Different types of investigations emphasize this same point. 
Field experiments in which herbivorous reef fishes were experi-
mentally removed from large cages (as occurs due to overfishing), 
showed a dramatic increase in seaweeds and a significant decline 
in coral fitness via changes in herbivorous fishes alone.8,9 When 
we manipulated the quantity and species of herbivorous fish in 
large enclosures on deeper (17 meter) natural reefs in the Florida 

We need to find e!ective ways to make 
damaged reefs more receptive to larval corals 
and thus better able to stop the death spiral 
that is occurring on today’s reefs; this will 
involve limiting the harvest of a critical mix of 
reef herbivorous fishes that prevent seaweeds 
from blooming on coral reefs.
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The world’s coral reefs are rapidly disappearing due 
to cascades of interacting stresses ranging from 
global warming, pollution, overfishing and ocean 
acidification to catastrophic events like the oil spill 
in the Gulf of Mexico. One of the world’s most 

productive, species-rich, and visually spectacular ecosystems 
is in dramatic and unprecedented global decline,1-5 mandating 
immediate and informed action. Accidents like the oil spill in 
the Gulf of Mexico capture public attention and bring needed 
focus to declining marine ecosystems. But the insidious, day-to-
day insults from overfishing, elevated CO2, and nutrient pollution 
may be just as devastating because they are chronic and omni-
present. Reef ecologists are rapidly gaining new insights into the 
mechanisms driving reef decline and by doing so are discovering 
additional options for protecting and restoring coral reef ecosys-
tems. Strategic management of fish stock across broader spatial 
scales may be our best bet for bringing reefs back from the brink 
of ecological extinction. 

Over the last 30 to 40 years, coral cover in the Caribbean 
has declined by 80 percent5 and along the Great Barrier Reef 
by 50 percent.3 In the early 1980s, the Caribbean had such huge 
stands of elkhorn and staghorn corals (Acropora palmate and A. 
cervicornis, respectively) that entire reef zones were named for 
these species and patches the size of city blocks were common. 
Today, both species are scarce and a patch the size of a desk merits 
gathering graduate students for a viewing. In the early 1980s, 
these were the two most abundant corals in the Caribbean. In 
2006, both species were officially listed as vulnerable under the 
US Endangered Species Act and in 2009, both were elevated to 
threatened status. At present, 30 percent of the world’s corals are 
at elevated risk of extinction. This is an unprecedented decline; it 
would be the ecological equivalent of losing pine trees from the 
southeastern United States, hardwood trees from New England, 
or aspens from the Rocky Mountains—all in little more than a 
decade. Coral decline affects not only reefs; one estimate puts the 

goods and services that coral reefs provide at a staggering $375 
billion per year, according to the US commission on Ocean Policy. 

Some reasons for coral loss are better documented than 
others,2, 4, 6-9 but it is clear that a host of both global and local phe-
nomena play a part. This mix of local-scale stresses (which can 
be altered by local management efforts) and global-scale stresses 
(which local managers cannot control) makes it challenging to 
prevent, and especially to reverse, coral decline. However, if we 
don’t act both quickly and wisely, coral reefs will be gone. 

The frequency and scale of climate-induced bleaching of coral 
reefs in recent decades have affected hundreds of reefs and occa-
sionally whole ocean basins.7 But bleaching is just one part of the 
problem. Coral diseases have also increased dramatically, often 
in association with increased temperatures and coral bleaching.2 
Additionally, corals decline and seaweeds proliferate following 
any of a host of disturbances such as coral bleaching, epidemics 
of coral disease, or overfishing of reef herbivores.2-4, 7 Once reefs 
become dominated by seaweeds, negative feedback reinforces 
seaweed-dominance and produces a coral “death spiral” from 
which recovery is difficult (see graphic on p. 45). Once seaweed 
growth outpaces the ability of reef herbivores to control seaweed 
biomass, seaweeds bloom and reef degradation can be quick and 
difficult to reverse because seaweeds directly damage corals8-10 
and also suppress colonization of their larvae,10, 11 thus prevent-
ing coral recovery. Corals are foundation species that provide the 
physical structure and habitat complexity upon which fishes and 
other reef species depend. Therefore, the decline in corals leads 
to a decline in herbivorous fishes, which leads to even more sea-
weeds, which leads to further decline in corals as seaweeds shade, 
abrade, and chemically poison remaining corals as well as sup-
pressing their ability to reproduce and prevent the anchoring and 
survival of their larvae.8-11 Many researchers have documented 
this coral reef death spiral, when herbivorous fish were experi-
mentally removed on a small scale,8,9 as well as over large scales 
in the Caribbean following overfishing or herbivore disease.1,3,4,7 

Marine protected areas 
reduce coral loss, but they 
are not enough.
By Mark E Hay and Douglas B Rasher
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Dramatic Changes in the  Caribbean
(“reefs” are now algal-covered meadows)

Tropical Corals Ecosystems

1970’s

1999

Gardner et al. 2003



Estimates are that 30% of reef systems are severely damaged and 
that 60% of all reefs may be lost worldwide in the next 25 years

Acropora 30 years ago in the Caribbean – now an endangered species

Tropical Corals Ecosystems



Seaweeds Invasions

Caribbean



Seaweeds Invasions

Remote region in 
the Bahamas

150 miles away 
from humans

Fiji

This is not just 
nutrient pollution



Herbivores Suppress Seaweeds

Herbivores fish grazing pressure is very high
150 byte x meters square per day



Parrots fish, very effective grazers.  
Make 1/2 of the sand in the tropics!

Tropical Corals Ecosystems



Text for slide

Back-reef in Belize in the early 1980s

Lewis 1986



Text for slide

Back-reef in Belize now

Over population by brown algae with no herbivores



Causes:

•Herbivore loss

•Nutrient addition

•Global change (>SST; <pH)

•Disease

•Etc.

Discussions” about Causes 
(coral necrophilia)

Are seaweeds a cause 
or a consequence of 

coral decline



Are all herbivores the same  (NO)

Does diversity matter? (YES)



1. How does richness of herbivorous fishes affect 
macroalgal abundance and species composition?

2. What are the effects of herbivore richness on coral 
survivorship/growth?

3. What are the species-specific effects of particular 
herbivorous fishes on reef communities?

Science Questions (M. Hay Lab)



Analysis of Herbivores 

Redband parrotfish 
Sparisoma aurofrenatum 

Ocean surgeonfish 
Acanthurus bahianus 

•   Robust mouthparts 
•  Grinding pharyngeal mill 
•  No stomach 
•  Mechanically breaks algal 
  cells 

•   Finer mouthparts 
•  No grinding apparatus 
•  Acidic stomach 
•  Chemically lyses algal  
  cells 



Redband mouthparts Surgeonfish mouthparts 

•   Robust mouthparts 
•  Grinding pharyngeal mill 
•  No stomach 
•  Mechanically breaks algal 
  cells 

•   Finer mouthparts 
•  No grinding apparatus 
•  Acidic stomach 
•  Chemically lyses algal  
  cells 

Analysis of Herbivores 



2 meters 

Conch Reef - Key Largo, Florida 
Spur and groove reef, 16-18m depth 

32 cages arrayed as 8 blocks of 4 treatments 



Herbivores Experimental Treatments

Single-species 
 

 
 

 

Exclosure 
 

No Fish 

Mixed-species 
 

 
 

 

Single-species 
 
 
 

N = 8 per treatment   Two-factor ANOVA 

Repeated over 4 years with durations of 7-10 months/yr 



43 ft long and 9 ft diameter – Key Largo, FL 

NOAA’s Aquarius
(under sea lab)

Allows scientist to dive 9 hours x day



Effects of treatments on:
Seaweed community structure
Herbivore feeding preferences
Coral survivorship and growth

Herbivores Experimental Treatments
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Herbivores Experimental Treatments

R=Parrotfish   S=Surgeon Fish

After 10 months in year 1 

Macroalgae Cover %

Diversity matters!



Redband-only cage

Haloplegma

Kallymenia

Cage dominated by red algae, very rare to !nd



Surgeonfish-only cage

Upright corallinesHalimeda LobophoraSargassum Digenea

Cage dominated by leathery seaweeds and tough, 
calci!ed red and green seaweeds.



Mixed-species cage
lacked most macroalgae and dominated by 
community of turf and crustose coralline algae

these algae stimulate 
coral larvae deposition



*

Feeding Preferences: Year 1

* *

*

*

*

* *

*

*



Fish richness promotes coral health
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Fish richness promotes coral health
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Redband parrotfish 
Sparisoma aurofrenatum 

Ocean surgeonfish 
Acanthurus bahianus 

•   Complementary feeding on macroalgae 
 

•   Herbivore richness suppresses macroalgae, facilitates  corals 
 

•   Significant transgressive overyielding 



The biotic death spiral
 on coral reefs


