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Unit One:  Corals and the Importance of Coral Reefs 
 
1.  What are Corals? 
 

orals are marine invertebrates that are closely related to anemones, that you can find 
growing along many rocky sea shores, sea jellies, that you might encounter while 
swimming in shallow seawater or washed upon a beach, and fresh water hydra, that you 

might find in a freshwater pond or even a high school aquarium.  Relative to other multicellular 
organisms, corals are simple in the sense that 
they have only two tissue layers, but functionally 
they are complex in terms of cell types and the 
tasks these cells perform.  The possession of two 
tissue layers is an important characteristic of 
corals that sets them ahead of sponges in the 
scheme of evolution, because sponges have no 
true tissues, and on the road to more advanced 
forms like snails, crabs, and fish that have three 
tissue layers.  The tissues layers in corals are 
called the ectoderm and endoderm and these are 
glued together by the mesoglea, which is not a 
true tissue layer.  Both of the cell layers can be 
pictured as layers of simple rectangular cells 
sandwiching a gelatinous layer that forms the 
mesoglea. 

C 

Coral Reef Ecology 

Diagram 1.  The structure of coral tissue.  The 
outer layer – the ectoderm (blue) – coats the 
animal and is separated from the inner layer – the 
endoderm (green)  – by the mesoglea (yellow). 
[Credit: Allemenad et al. 2004]. 
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The fundamental unit of construction of corals is 
the polyp – a bag-like structure that consists of a 
trunk, mouth and tentacles – which sits inside a 
stony cup made from limestone that the polyp 
secretes (Diagram 1). The ability to secrete large 
quantities of limestone is one of the defining 
features of stony corals, and even after decades 
of study, much remains unknown about this 
process.  We do know however, that corals use 
calcium and carbonate ions from the seawater to 

deposit limestone outside the tissue in complex shapes and structures that are specific to each 
species.  The production of a limestone skeleton is not unique to tropical reef corals, even corals 
deep in the cold Atlantic ocean and attached to the rock walls of Santa Catalina Islands deposit 
limestone, but at extremely slow rates.  However, the occurrence of symbiotic algae within their 
tissue makes the process occur much more rapidly in tropical corals.  The symbiotic algae – also 
known broadly as dinoflagellates, or more specifically as Symbiodinium – are of central 
importance to the success of corals, providing them with carbon from photosynthesis, the ability 
to recycle their ammonium waste, and to calcify rapidly.   
 
The polyp is the benthic stage that reproduces through sexual reproduction (Diagram 2), and in 
most cases corals are hermaphroditic, which means they produce both eggs and sperm.  In the 
Pacific, most corals release their gametes into the seawater where fertilization occurs 
(broadcast spawners), but in the Caribbean most corals retain eggs within their polyps where 
they are fertilized and later released as well-developed larvae (brooding corals).  The larvae are 
an important stage in the life of corals, because they can drift with the flow of water and disperse 
to new locations.  Usually the dispersal periods lasts from a few days to a few weeks, but in 
some cases it can last for more than 100 days.  After this important dispersal phase, the larvae 
descend from the water and settle on suitable surfaces in the benthos.  Suitable surfaces usually 
are defined by being hard and stable, in well-illuminated spots supplied with water flow, and 
coated with crusting algae and bacteria that the larvae find attractive.  If a suitable area is found, 

the larvae settle and metamorphose into a polyp, 
and then begins it lengthy life glued permanently 
to the sea floor.  
 

 
 
Diagram 2.  Summary of the life cycle of a 
tropical reef coral. 

 
Fig. 1.  This picture shows a variety of corals on 
a shallow reef in French Polynesia – the colony 
just right of the center is very pale in color and 
suffering from bleaching.  If this condition 
persists, death will shortly follow.  
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When coral are killed by 
disturbances such as 
storms, disease or 
careless anchoring, it is 
the recruitment of 
planula larvae – little 
cigar-shaped structures 
that typically are only 
about 1 mm long -- that 
largely is responsible for 
growth and recovery.  
Where corals form 
branching and delicate 

colonies, the breakage of the colonies also can serve as a mechanism of asexual reproduction.  
Asexual reproduction provides an alternative to sexual reproduction for many organisms, and it 
usually consists of some method of breaking a piece off the parent colony and ensuring that the 
detached piece then can survive.  For humans, it would be like having a leg removed and have it 
grow into a whole new person!  For corals, asexual reproduction can play an important role in 
building populations (i.e., by adding more colonies), but only sexual reproduction can add new 
genotypes and ensure the evolutionary success of individual species.  In short, the big limitation 
of asexual reproduction is that it simply makes copies of an existing genotype, which contrasts to 
sexual reproduction that interjects genetic diversity.  Populations with little genetic diversity – 
perhaps as a result of frequent asexual reproduction – are prone to the effects of diseases, as the 
agents that kill one organism will likely kill many that share the same genetic weakness.  
 
Most corals create colonies through asexual proliferation of polyps, effectively splitting one into 
two or more polyps, and sometimes produce colonies that can be meters in diameter and 
centuries old.  It is the size, strength, and shape of this calcareous skeleton that is key to their 
success and their ecological importance.  The limestone skeleton is responsible for elevating the 
tissue off the seafloor, creating a complex three-dimensional habitat that provides homes to a 
diversity of organisms, many individual skeletons also sum to form vast stony reefs that provide 
coastal protection and can, in some locations, 
form entire islands.  The largest, and best known 
of these structures is the 2,500-km long Great 
Barrier Reef that is the only living structure 
visible from space.  
 
Stony corals are found throughout the world in 
waters that are both warm and cold alike 
(Diagram 3).  Small corals can be found along the 
coasts of California, in the murky waters of New 
England, and the black depths of the deepest parts 
of the oceans.  However, these corals do not form 
true coral reefs, and therefore are called 
ahermatypic corals.  The true coral reefs are 
found only in tropical seas where winter 

 
 
Diagram 3.  Map of the world showing the limits to the global distribution of 
coral reefs, redrawn from Paulay 1997. 

 
Fig. 2.  A view looking down the outer reef slope 
of Moorea, French Polynesia, at ≈ 40 ft depth.  In 
this location, nearly 50% of the reef is covered 
by coral, and the slope drops to 1000’s of feet 
depth.  Because this reef has so much coral, 
typically it would be described as “healthy”. 
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temperatures remain above about 64 oF, although 
they prefer warmer conditions.  Warm and clear 
waters are essential for tropical corals, in large 
part because they are part animal and part plant.   
 
The plant portion consists of single celled algae 
(called zooxanthellae, most of which are in the 
genus Symbiodinium) that live within the cells 
of the animal where they are able to carry out 
photosynthesis.  Although these once were 
thought to represent a single species with global 
distribution, zooxanthellae now are represented 
by a diversity of species that are scattered 
throughout the world, with many species found 
in some locations, but not others.   Inside the 
coral, the zooxanthellae release sugars that 
provide food to the animal.  The animal host 
excretes ammonium (their waste products from 
digesting proteins) that the algae are able to take 

up and use.  Thus, the association provides a good example of a mutualistic symbiosis where 
both partners benefit from living together.  The algae also are critical for rapid growth of the 
limestone skeleton, although the mechanism for this effect still is only poorly known.  From the 
algal side of the relationship, the zooxanthellae benefit from the ammonium they obtain from 
their host, protection within the tissue of the coral, and possibly from being elevated above the 
sand as the coral grows in height.  
 
Because most tropical corals are part plant, in shallow water they are able to obtain a substantial 
portion of their daily food needs from the algae.  However, corals also have a diversity of other 
feeding modes available, ranging from capturing zooplankton with their tentacles, to absorbing 
dissolved organic compounds in the water, to eating bacteria.  Of these feeding modes, the 
zooplanktivory is best known on account of its reliance on the unique “harpoon-like” cells 
called nematocysts (Diagram 4).  These structures shoot out a thread – sometimes armed with 

spines and toxin – that is used to subdue and 
immobilize prey items.  Typically, corals will 
erect their tentacles at night to form what has 
been called a “feeding area in relation to their 
body size that is unrivalled in the animal 
kingdom”, and this surface forms a formidable 
barrier into which copepods and other small 
crustaceans blunder.  When these animal prey 
items hit the tentacles, they stimulate the 
discharge of he nematocysts and most (a few 
prey escape) end up subdued, pushed into the 
mouth by the tentacles, and digested.  
 

 
 
Fig. 3.  Photograph of a bleached reef 
coral at 50 ft depth in the Florida Keys. 

 
 
Diagram 4.  The basic structure of a nematocyst 
in tropical reefs corals.  This is a “one off” 
structure that shoots the thread out of the capsule 
to capture and subdue prey.  Redrawn from 
Brusca and Brusca 2003. 
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Even though corals have been remarkable successful for millions of years, and still are common 
throughout tropical seas where clear and warm waters are found, they are extremely sensitive to 
environmental disturbances.  Silt, sediment, nutrients, disease and storms can all take a serious 
toll on reef corals, but arguably rising temperatures and globally increasing levels of carbon 
dioxide pose the most serious threats to their continued survival.  Unlike most organisms that 
live roughly in the middle of their thermal range (i.e., they can tolerate both increases and 
decreases in temperature), reef corals live very close to their upper temperature limit.  As a 
result, very small increases in temperature can pose serious threats to coral survival.  One 
conspicuous result of this sensitivity is coral bleaching, a phenomenon where corals turn white 
due to the loss of their algae and, if the condition persists, die.  Such events first gained 
widespread attention in 1987 when large areas of Caribbean reefs turned white, and since have 
been linked to rising seawater temperature associated with global climate change.  Although 
bleaching appears to be a  “normal” part of the biology of these organisms  - meaning that corals 
routinely lose some or all of their algae, even when environmental conditions are quite benign – 
there is strong evidence that bleaching events are becoming more common and more extensive.  
Much of this evidence is clear and unambiguous.  On multiple occasions over the last 20 years, 
large areas of coral have bleached at various locations in the world, and their pale color becomes 
so striking that it is readily visible from boats and while snorkeling.  During such bleaching 
events, a scuba diver might swim by hundreds of coral colonies that are white.  If bleaching 
persists for several weeks, then the corals – perhaps even entire reefs – die completely.  Over the 
next century, coral bleaching could kill large areas of coral reef throughout the world and, and 
the very least, probably will be a key process resulting in changes in coral species on 
contemporary reef. 
 
Because of the threats posed to coral reefs by bleaching, there has been an intensive effort to 
understand the mechanisms.  The result is an intriguing story has required the application of 
scientific tools from many disciplines and the effort of many researchers throughout the world.  
While the initiation of bleaching – the moment when stress first starts to appear to the human 
observer – still is controversial, the remaining events now are clear.  High temperature causes the 
fixation of CO2 by photosynthesis to be impaired, such that the chemical energy fueling this 
process – high-energy electrons – has no means to be dissipated.  It is somewhat like a runaway 
engine with no way to apply the brakes!  As result, the high-energy electrons start to damage cell 
membranes through combination with the 
metabolic by-product of photosynthesis – 
oxygen.  When oxygen combines with electrons, 
superoxide radicals are formed and these are very 
harmful to cell membranes.  Just like humans 
might take dietry supplements like SOD to 
reduce the effects of aging (caused in part by 
super oxide radicals), corals can reduce their 
damage from superoxide by synthesizing 
enzymes like SOD; during bleaching, they 
generally are unable to produce enough of these 
protective enzymes to prevent damage.  
Interestingly, the process of bleaching and the 
build-up of harmful superoxide radicals is 

 
 
Fig. 4.  Photograph of a bleached coral on the 
deep reefs of Jamaica.  This colony of Agaricia 
is at about 80ft depth and the white areas are 
alive, but have lost their symbiotic algae. 
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accentuated in high light conditions which fuel 
the process of photosynthesis and increase the 
quantity of high energy electrons.  This last 
observation marked a critical advance in the field 
as it offered an explanation for the long-
problematic observation that corals bleached 
most severely on their upper surfaces (which are 
better illuminated) that their sides.  Once the 
membranes start to become damaged, the 
mutualistic symbiosis between the animal and the 
algae starts to break down and shortly 
afterwards… bleaching (whitening of the coral) 
becomes evident.  
 
Rising carbon dioxide levels also pose a severe 

threat to reef corals because they make it more difficult for corals to calcify.  Rising carbon 
dioxide levels come from the burning of fossil fuels that put this damaging green house gas into 
the atmosphere.  Once present, it serves to retain heat in the atmosphere, but also it slowly 
equilibrates with the seawater in all of the oceans.  The chemistry of carbon dioxide solubility in 
seawater is complex, but the end result of rising levels of CO2 gas in the atmosphere is 
counterintuitive; it becomes more difficult for corals to deposit limestone because the solubility 
chemistry of the mineral used to build the skeleton – Aragonite – alters (the saturation state 
declines) so that it requires more energy to calcify.  This creates problems for all marine 
organisms that deposit limestone shells or skeletons – corals, clams, crustaceans, etc.  The best 
available estimates of this effect for reef corals, suggest that calcification rates will decline ≈22% 
within the current century as atmospheric CO2 continues to rise. The effects could be 
catastrophic – low lying coral reef islands could disappear, coastal protection provided by reef 
systems could erode, and the complex three dimensional environment that provides home to so 
many animals could be lost.  

 

Review Box 1 
 
• corals belong to a simple group of organisms that have two cell layers, which 

construct the polyps; 
•  corals reproduce sexually through the formation of planula larvae, and many species 

use asexual mechanism that are best represented by fragmentation; 
•  corals are found through the world, but only build large reefs in tropical seas that are 

warm and clear; 
• tropical coral reefs are built by scleractinian corals that contain symbiotic algae in the 

genus Symbiodinium, which is thought to contain a wide diversity of species; 
•  symbiotic tropical corals can feed both from sunlight (via photosynthesis of their 

symbionts) and from the capture of plankton, bacteria and dissolved material; 
•  the symbiotic algae are critical for maintaining rapid rates of calcification which, in 

turn, are essential for the construction of massive reefs. 
 

 
Fig.  5.  Reefs such as shown here, a beautiful 
habitat from 1987 that is dominated by elkhorn 
coral (Acropora palmate) now are rare 
throughout the Caribbean.  This image shows a 
reef at ≈30 ft depth with ≈50% cover. 
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2.   The Formation of Reefs 
 

ropical coral reefs are formed only by 
hermatypic, scleractinian corals, 
although scleractinian corals are found 

throughout the world’s seas.  The word 
scleractinian refers to a group of animals that are 
classified within the phylum Cnidaria along 
with hydras, anemones and sea jellies.  The 
scleractinian corals differ from the rest of the 
members of this group because they produce a 
stony skeleton and produce tentacles in multiples 
of six (although this can often be difficult to see).  
Not all scleractinians produce coral reefs – in the 
broadest sense, meaning a complex 3-
dimensional structure upon which other 
organisms live – but those that do are called hermatypes, and those that don’t are called 
ahermatypes.  In the Caribbean, some of the best-known hermatypic corals are the elkhorn and 
staghorn corals (in the genus Acropora), and many of the Pacific reefs are best known for their 
wide diversity of “antler corals” (also in the genus Acropora).  All of the topical hermatypic 
corals also are symbiotic with dinoflagellate algae that are important in maintaining high rates of 
calcification.   
 
The hermatypic scleractinians provide the foundation for the reef structure, principally to  
build the three-dimensional structure that other organisms can inhabit.  It is thought that “true”  
coral reefs are limited to warm tropical seas because the clear water is essential to ensure enough 
light reaches the algal symbionts in order to carry out photosynthesis.  The high light levels also 
are essential for rapid calcification, and the warm temperatures are critical for the functionality 
of the association. 
 

A coral reef can be as small as a handful of coral 
colonies in an area of only a few hundred square 
centimeters, or it can be something as big as the 
Great Barrier Reef that is visible from space.  
Typically, four types of coral reefs are 
recognized: 
 
Patch reefs consist of patches of corals ranging 
in size from 10’s of centimeters to several meters 
in size. The largest “patches” could be as large as 
small islands scattered over the Great Barrier 
Reef.   But most patch reefs are the kind of reefs 
that you might swim around from a beach in a 
tropical location.  In terms of science, patch reefs 
have been very important as they can serve as 
experimental units for scientific investigations 

T 
Fig. 6.  A large colony of the reef coral 
Montastraea annularis in the US Virgin islands.  
Colonies such as these grow at only ≈1 cm/y and 
are critical for reef construction.  Much of this 
colony is dead, and was killed in 2005 by 
bleaching and disease. 

 
Fig. 7.  Patch reefs can be a small as the one 
shown here, an aggregate of coral colonies just a 
few meters in diameter, or a larger structure on a 
barrier reef as found off the east coast of 
Australia. 
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Fig. 8.  Views of several reefs and reef locations in Moorea, French Polynesia.  (A) A thicket of beautiful 
Acropora coral on a fringing reef, (B) a rubble and coral community close to shore (notice the large amount of 
vacant space created by coral death), (C) a black tip reef shark swimming over the outer reef, (D) the island of 
Tahiti which is next door to Moorea and much larger; both islands are formed from old volcanic cones and here 
you can clearly see the shape of the cone, (E) a researcher snorkeling over shallow reef communities. 

such as comparing the effects of nutrient enrichment on corals using patch reefs as replicates.  
 
Fringing reefs typically fringe the shore of islands as a contiguous ribbon of reef.  Fringing reefs 
often can be a few 10’s of meters in width and depth as occurs along the coast of the US Virgin 
Islands, through to 100’s of meters in width and depth as occurs along the north coast of 
Jamaica.    
 
Barrier Reefs typically occur as barriers located offshore from a landmass.  The best known of 
this reef formation type is the Great Barrier Reef off the eastern coast of Australia, but barrier 
reefs also are found off the coast of Belize and Anguilla.   
 
Atolls are specialized forms of reef that grow around sunken volcanic cones, predominantly in 
the Pacific Ocean.  Atolls begin life as a fringing reef growing around the edge of a high 
volcanic island.  Typically, such volcanic cones sink into the earths crust and therefore the 
fringing reefs progressively are submerged in deeper water.  To keep up with the sinking 
volcano, they must grow upwards.  This process continues until the tip of the volcanic cone 
submerges in the water at which time the fringing reef typically forms a ring around a lagoon; 
such rings of coral are called atolls, and can be 10’s of kilometers in diameter. 
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3.   What do coral reefs provide? 
 

oral reefs provide a wide diversity of good and services to humans in general and, more 
broadly, the biosphere. 
 

 
For humans 
• Coral reefs create a lush submarine habitat that is attractive to millions of tourists every year.   
Tourists flock to the tropical coastlines of Florida, the Caribbean, Central America, Australia, 
and countless tropical islands with white sand beaches to enjoy natural resources that are 
functionally dependent on thriving coral reefs.  Some come to snorkel, some to dive, some to 
enjoy the white sandy beaches, and some to fish.  In all cases, the resources that attract tourists – 
and their money – would not exist if it were not for the presence of healthy corals reefs.  
 
• Coral reefs provide coastal protection of unrivalled effectiveness and quality.  The calcareous 
reef that fringes tropical coastlines provides a solid barrier that serves a critical function in 
dissipating the force of tropical storms and the waves they bring.  Without reefs, many tropical 
islands would suffer substantial erosion and inundation during severe storms. 

 
• Coral reefs contain untold tropical diversity and natural compounds “locked” within the 
organisms that inhabit the reef framework.  We have only just started to exploit this material as a 
possible source of biomedically important compounds, but already reef organisms have yielded 
components that have lead to the development of powerful sunscreens and ant-wrinkle creams.  
Many believe that potential cures for cancer have yet to be found among coral reef organisms, 
but the potential will be lost forever as reefs degrade and reef organisms become die off. There is 
no recovery from extinction. 
 

C 

Review Box 2 
 
•  coral colonies form coral populations, populations of multiple coral species form 

coral communities, and coral communities form coral reefs; 
• coral reefs grow in many shapes and styles, but the three main types are patch 

reefs, fringing reefs, barrier reefs, and atolls; 
• patch reefs simply are patches of coral that can grow in association with other reef 

types; 
•  fringing reefs grow adjacent to shorelines and fringe the terrestrial environment; 
• barrier reefs occur as large structures offshore from landmasses, with the best 

known being the Great Barrier Reef; 
• atolls form around volcanic cones, initially beginning life as fringing community, 

but slowly transitioning into an atoll as the volcanic cones sinks into the earths 
crust and the reef continues to grow to keep up with the apparently rising sea level. 
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An island protected by a barrier reef.  
• The rich, three-dimensional structure of coral 
reefs supports thriving fisheries throughout the 
world.  Some of the fish that are caught are used 
for the tourist market, but more often the fish 
serve the local communities as a vital source of 
animal protein.  Sadly, many developing nations 
have been forced by poverty to overexploit their 
coastal fisheries to the point of collapse (i.e., the 
population sizes undergo precipitous decline and 
their reproductive capacity is inadequate to 
support a population recovery). 
 
For the biosphere 
• Coral reefs provide a reservoir of biodiversity 

that is rivaled only by tropical rainforests.   
 
• Scleractinian corals -- the architects and bioengineers of the coral reefs -- are responsible for 
constructing the three dimensional framework that creates the homes necessary for countless 
organisms to live. 
 
• One reason why tropical reef waters are clear is because they classically are nutrient depleted 
and therefore cannot support the phytoplankton that makes temperate water green.  However, 
coral reefs are able to recycle essential nutrients like ammonium and nitrates, and even “fix” 
nitrogen from the gaseous form (meaning to turn nitrogen gas into amino acids that other 
organisms can use).  As a result of this recycling, coral reefs maintain high rates of primary 
productivity (i.e., photosynthesis) through the action of the algae within individual corals, plus 
both macro- and micro- algae growing on the reef.  This productivity provides an essential 
source of food to other organisms. 

 
Fig. 9.  The beautiful white beaches of tropical 
locations – such as this one in the US Virgin 
Islands -- are heavily dependent on corals and 
coral reef organisms to make the white sand; 
microscopic inspection of the sand grains reveals 
the animal parts they are made from. 

 

  
Fig. 10.  Many islands throughout the Pacific and 
the Caribbean are fringed by extensive corals 
reefs, like Tahiti shown here.  These reefs 
provide critical coastal protection that reduces 
the damaging effects of severe storms. 

 
Fig. 11.  Coral reefs provide three-dimensional 
structure in which other organisms – like these 
fish and invertebrates (not visible) – can live.  
Once a coral dies, its structure erodes quickly, 
thereby destroying refuges for other animals. 
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4.  Physical factors that shape coral reef communities 

 
atural (“routine”) events– coral reefs are shaped by a wide diversity of natural routine 
events and many of these are well known. Diseases and severe storms also are natural, 
but increasingly they are treated differently from other natural events as they cause reef 

destruction and (most importantly) appear to be increasing in frequency due to human effects.  It 
is important to realize that the distinction between “natural and routine”, and “damaging and 
related to human activities”, is unclear.  Classic examples of natural and routine events include 
coral recruitment, competition, predation, symbiosis, parasitism, and death.  These events have 
shaped the structure of coral reefs since the dawn of time, but in many cases the effects of these 
agents are being modified by human influences.  A good example is provided by coral bleaching 
that has played a minor role in coral biology for millennia, but recently has caused serious 
damage through mass bleaching episodes. The available evidence suggests that the effects of 

human development have tipped the scale 
towards damaging effects for bleaching. 
 
Disease – these agents affect corals and cause 
minor-to-severe consequences.  Most likely they 
have played roles in the life and death of coral 
since corals started to evolve, but now they are 
assuming more important roles in driving the loss 
of corals.  Coral diseases take on many forms, 
often well defined by color or the appearance of 
distinct disease conditions such as Black Band 
Disease, or “Yellow Blotch Disease”.  On a 
“healthy” reef, coral diseases are rarely seen, but 
as conditions deteriorate and corals become more 
stressed, then diseases become abundant.  
Because of the modular design of corals – made 
possible by their interconnected polyp structure – 
diseases can affect colonies by killing them 
outright, often in a few days or a week, or 
perhaps by killing only a portion of the colony, 
known as partial mortality.  Corals experiencing 

N 

Review Box 3 
 
•  Corals provided critical goods and services to humans, both residents of 

coastal areas and tourists alike; 
•  The principal goods supplied by reef corals include coast protection, 

biomedically important compounds, and protein; 
•  For the biosphere, coral reefs provide a critical reservoir of biodiversity, 

organic productivity, nutrient recycling, and nitrogen fixing. 
 

 
Fig. 12.  This image shows a quadrat from St. 
John that was photographed in 2006.  The pale 
lobes on the left are colonies of Montastraea 
annularis that were killed the previous year by a 
combination of bleaching and disease. 
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partial mortality typically continue to live as 
multiple pieces.  The biological significance of 
mortality events is easily missed, as the 
significance of a “death event” can only be 
appreciated in the context of how long it took for 
that colony to grow, and how long it will take to 
replace.  Importantly, a colony that is 50 cm in 
diameter probably took at least 50 years to teach 
that size, and therefore will take another 50 years 
to replace after recruitment has successfully 
occurred.  Even partial mortality can have hidden 
costs, for when a bigger colony breaks into 
smaller pieces, the small pieces may no longer be 
sexually mature, and the piece from which they 
broke may show impaired growth for several 
years. 
 
Hurricanes – (cyclones in the Pacific) can cause severe damage to coral reefs through wave 
damage, sand blasting, turbidity and heavy rainfall.  A shallow reef that experiences a direct heat 
from a major storm will be changed for decades, perhaps even forever.  In brief, almost all life is 
swept from shallow areas – corals, sponges, crabs and any other organisms that cannot get away 
(fish usually swim into deeper water when a storm approaches).  Once the storm has past, 
typically a successional sequence is initiated where algae initially colonize but slowly the corals, 
sponges and other invertebrates return.   Although hurricanes also have always been an important 
aspect of coral reef biology, there is a growing consensus that they are increasing in intensity and 
frequency in many coral reef localities.  The consequences for coral survival are dire. 
 
Predators – overall, there are not many predators of corals, although there are some impressive 
ones!  The best-known example is the crown of thorns seastar (Acanthaster) which has killed 
vast areas of Pacific reefs over the last 30-40 years.  Acanthaster normally is present at low 
densities, but due to reasons that are not fully understood, its population size can increase 

dramatically to a stage where the seastars are 
found stacked on top of one another in a 
population density that van kill large numbers of 
corals by active foraging.  Other significant 
predators of corals include parrotfish – that take 
bite size pieces out of corals surfaces – and 
butterfly fish that take more dainty bites of living 
coral tissue. 
 
Bleaching – is thought to have occurred for 
many years, and the first events were reported in 
the 1920’s.  The most conspicuous sign of 
bleaching is a pale color that can become white 
as the zooxanthellae and/or their chlorophyll are 
lost from the coral tissue.  Accompanying these 

 
Fig. 13.  A colony of brain coral – Diploria 
strigosa – in the Virgin Islands that carries a case 
of black band disease (BBD).  The black band 
progresses over the colony surface, leaving 
behind a dead white portion.  This coral probably 
took more than 50 years to grow to this size.  

 
Fig. 14.  Hurricanes can be very destructive as 
shown with the damage to this cement dock in 
the Virgin Islands.  During Hurricane Hugo 
(1989), waves in a normally sheltered bay moved 
this slab of cement – weighing thousands of 
pounds – out of position. 
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trends is a decline in the capacity for 
photosynthesis and a loss of photosynthetic 
carbon for the animal host (effectively, the coral 
starves unless it can make up the shortfall with 
plankton feeding).  Bleaching is caused by a wide 
diversity of stressors – hot, cold water, high light 
intensities, low light intensities, etc – and it is 
widely recognized as a general response to stress.  
The best known form of bleaching – mass 
bleaching that potentially affects corals 
throughout a region – is caused by a combination 
of high temperature and high light levels.  If the 
bleaching conditions persist, then the corals will 
die.  While bleaching has resulted in widespread 
coral death in many cases, there also are good 
examples where corals have a made a full 
recovery from bleaching after seawater 
temperatures cool.  
 
Major types of anthropogenic (human-made) 
negative factors that can affect individual corals 
and reef health include: 
 
• non-point source pollution 
• over-fishing 
• direct damage 
• anchors 
• ship grounding 
 

 
 

 

 

 
Fig. 15.  This seastar – Acanthaster – is found 
only in the tropical Pacific where it is a 
voracious predator of corals.  It extrudes its 
stomach onto coral tissue and sucks up the 
products.  The square is 10 x 10 cm for scale. 

 
Fig. 17.  Scuba divers too can be a destructive 
force on coral reefs.  Careless hands and fins can 
easily damage and break corals.  Good buoyancy 
control is a critical skill! 

 
Fig. 16.  Cruise liners have massive anchors that 
can cause severe damage if they are allowed to 
anchor on reefs.  In this picture, the ship is 
anchored in mud within Cook’s Bay, Moorea., 
French Polynesia 
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Unit Two: Identifying Corals and Macroalgae  

 
Using pictures to identify corals and macroalgae 
 
One of the substantial challenges facing all biologists is learning to identify the organisms that 
occur in their study habitats.  In low diversity temperate systems, this is relatively easy to 
accomplish, but in diverse tropical habitats, it may take many years before all the organisms can 
be identified.  Even then, it is likely that “new” species will continue to be discovered at a slow 
rate for decades.  If you live next to the ecosystem you study, brief field trips to the habitats are 
one of the easiest ways to learn the organisms.  When you live further away, it becomes more 
challenging to learn the organisms as it is both time consuming and costly to visit your study site.  
Photographs always have been a valuable way to start to learn the species, but the advent of 
cheap and high-quality digital photography has made this task easier.  Now a quick foray to the 
study site can yield hundreds of digital pictures that can be archived for subsequent identification 
and used to create a study guide that can be used to learn the species. 
 
It is hard to understate the importance of the role played by photography in field biology (i.e., 
completed in the natural environment).  Even from the early days, biology expeditions included 
photographers who carried cumbersome cameras into the field to record organisms in their 
natural environment.  In the 21st Century, photography might be used to record unique trees in a 
forest, examples of fungal infections on fruit, the color of the tail flukes on killer whales, 
visitation of a habitat by big game (using remotely-tripped cameras)…. the list is endless.  
However, no matter how good photography can be, it can be hard to beat the field illustrator who 
uses charcoal and water colors to paint the natural environment.  Museums and libraries often 
have beautiful examples of this artwork, much of which originated from the artists of the 19th 
Century.  
 
Designing monitoring studies 
 
Central to the scientific process is the ability to make objective and unbiased statements 
regarding the system being studied.  Bias and enemy and every possible step must be taken to 
ensure bias is avoided.  Common examples of how bias can creep into a study is through the 
selection of a healthy area of reef – simply because it “looks good” or makes a “good” dive – and 
then establishing a sampling program that succeeds in showing that such an area declines.  The 
inherent issue is that “good” areas generally can only stay the same or get worse – when you 
have 100% coral cover, you can’t get more. 
 
The “gold standard” of methods to avoid bias is random selection of study areas.  Such technique 
employ explicit steps to ensure the study area is chosen blindly.  For example, you might stand in 

In this section: 
• how photographs are used for research 
• designing monitoring studies 
• what we can learn from photos 
• identifying corals and algae 
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your boat and blindly toss your quadrat over the 
study, then count whatever is within the quadrat 
when you get the bottom.  Alternatively, you 
might create a list of random numbers when 
you are at home (for example, the last three 
digits of telephone numbers in a telephone 
directory are random), go to your field site, roll 
out a transect line, and use your list of random 
numbers to pick study areas along the line.   
 
Remember, one of the critical rolls of a scientist 
is to be objective and unbiased.  Often the 
results they discover have considerable 
importance – for example, whether a coral reef 
is dying (or not), or whether a new drug causes 
side effects (or not) – and it is critical that the 
research findings are beyond reproach.  Failure 
to address randomness can at best lead to 
wasted time, at worst it can result in a failed 
career and decision that are hugely damaging to 
the environment.  
 

Photoquadrats 
In marine biology, photographs typically are used both for natural history (i.e., simply recording 
“snaps” of organisms) and quantitative purposes (i.e., to determine the abundance or the area of 
organisms).  Quantitative photography poses additional problems, notable to reduce the effects of 
biases in recording the abundances.  Typically, biases occur due to variation in placement of the 
camera relative to the subject, but many of these can be avoided by using a rigid framer called a 
quadrapod.  In a photograph recorded with a quadrapod, a fixed area of reef is recorded with the 
camera held perpendicular to the reef surface.   A single photoquadrat can be a variety of sizes, 
but 0.25 m2 (i.e., 0.5 x 0.5 m) is common, with the largest being up to 1 m2.  The choice of 
photoquadrat size is determined by the organisms that are being counted, notably by their size 
and abundance across the benthos.  Small organisms necessitate small photoquadrats that provide 
the resolution to see small structures, but larger and less common organisms might be better 
served with larger photoquadrats; the final choice can only be made after preliminary data have 
been collected.  Finally the images resulting from photoquadrats can be used to record organism 
abundance in terms of the number of organisms present, or their percentage cover over the 
substratum. 
 
Identifying corals and macroalgae 
Identification skills are best developed through a combined effort of looking at the real 
organisms, memorizing names, and using field guides to match images and names.  If such 
material is looked at enough times, then the ability to identify organisms will improve; it is like 
trying to learn the names of your classmates when you might have 100’s of people in your class, 
and many are identical twins!  Generally, it is not adequate simply to learn what one organism 
looks like (as you might for an elephant), because many marine benthic taxa show a high degree 

 
Fig. 18.  A photoquadrat recorded at 30 ft depth on 
the reefs of French Polynesia in 2005; the width of 
the image is 50 cm.  Images such as these often are 
the cornerstone of reef monitoring programs, and 
allow the percentage cover of corals to be 
determined accurately. 
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or morphological variation depending on 
environmental conditions.  In other words, they 
vary in size, shape and color depending on where 
they live and the conditions that are exposed to.  
Thus, you have to learn the range of 
morphologies, colors, etc., that an organism 
might adopt under different conditions.  
 
Another important issue in identifying the 
organisms, is that it is almost impossible to learn 
all the names without some kind of structure to 
assist in that learning process.   The problem is 
similar to the task of learning the names in a 
telephone directory without having the ability to 
organize the names alphabetically.   In reef 
biology, the process of learning the names of the 
organisms can be assisted either by using 
functional groups – e.g., massive corals versus 
branching corals versus plating corals – or a 
taxonomic basis – Porites versus Acropora, etc.  
In the long haul, it probably is more effective to 
use the taxonomic framework as this reflects the 
organization of the vast majority of the natural 
world.  
 
 
 
 
 
 
 

 

 
Fig. 19.  Photoquadrats usually are recorded by 
attaching the camera to a rigid framer that holds 
it perpendicular to the reef.  Here a scientist 
records an image of the reef in Moorea during 
the 2005 annual surveys 

 
Fig. 20.   You cannot do good science unless you 
know what you are looking at!  Here scientists in 
French Polynesia learn the corals in order to 
complete their annual surveys of coral condition. 
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Fig. 21.  Examples of common genera of reef corals in the Caribbean. (A) Acropora – branching corals with 
golden-brown and small polyps, (B) Porites – usually a finger coral that is dark brown in color, (C) 
Montastraea – the “star” coral (because of the shape of the corallites) which is an important reef builder, (D) 
Porites (compare with B) – this is lumpy mustard hill coral, (E) Colpophyllia – one of the common brain corals 
(the other genus is Diploria), and (F) Agaricia – a delicate “weedy” species that usually looks convoluted a 
golden-brown in color. 

 
Fig. 22.  Examples of common genera of reef corals from Moorea, French Polynesia.  (A) Pocillopora, (B) 
Porites, (C) Acropora, (D) Montipora, and (E) Pavona. 
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Unit Three:  Becoming a Scientist and studying the coral reefs on St. John 

 
Now you will learn how to use the photoquadrats to look at the long-term health of a coral reef 
community.  To do this you will look at the photoquadrats supplied on the CD; these images 
have been augmented with a grid of random dots placed on top of the picture.  By counting the 
number of dots falling on the substratum of interest, the total number of dots on the grid, and the 
number falling “outside” the area of interest, you can determine percentage cover.   
 
• a)  Count only those dots that are on top of coral or macroalgae in order to determine the 

percentage cover of the two important groups (don’t count the dots that are on top of 
other organisms or bare space). 

 
• b)  Divide the total dots on each substratum type for each image by the population size of 

dots (200 minus those falling off the area of interest), and express this as a percentage.  
This is the percentage cover (for either coral or algae) for that one slide. 

 
• c)  Repeat this task with all the images supplied and calculate a mean for all the values.   
 
Study Questions and Answers 
 
1. Do all corals form reefs? 
 
No. Only scleractinian corals that harbor symbiotic algae and live in warm and clear tropical 
waters form massive reefs made largely from calcium carbonate.  In the deepest waters of the 
worlds’ ocean, at depths in excel of 1000’s of meters, “coral reefs” can also be found.  In this 
cases however, the reefs are made from scleractinian corals that do not harbor symbiotic algae, 
and which grow exceedingly slowly.  These corals are only able to form large three-dimensional 
structures (i.e., reefs) through the passage of hundreds or thousands of years without 
disturbances.  Many of the deep water trawling activities – required to capture many 
commercially important fish species – are extremely damaging to these deep reef habitats.  

Student Activity Box 1 – identifying organisms 
 
A. Corals 
 
• Use the images supplied on the CD to study the shapes, sizes and colors of corals on the 

reefs of the US Virgin Islands. Be sure to pay close attention to both the small and the big 
colonies, and use the zoom tool as needed to see colonies and their component polyps. 

•  Make sure you understand the distinction between tissue and skeleton, as well as the 
major parts of the corals skeleton (whole colony, corallites, septae, areas between 
corallites). 

• Having spent time familiarizing yourself with the corals, move on to unit three to learn 
more about the community of corals on St. John and how it changes over time.   
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2. How are do corals form the massive calcium 
carbonate reefs? 
Corals are able to form the massive calcium 
carbonate reefs because of their symbiosis with 
zooxanthellae, which allows them to calcify 
rapidly.  Corals living in cold water that lack 
symbiotic algae also can calcify, but in this case 
the rates are very slow.   It is though that tropical 
corals benefit from their zooxanthellae symbionts  
by using the energy and carbon from 
photosynthesis to enhance the calcification 
process. 
 

3. What do coral reefs provide to humans?  
 
Coral reefs provide many goods and services to humans.  They generate millions of dollars in 
tourist income, they provide coastal protection, they support many coastal fisheries, and they 
have great promise for supplying biomedically active compounds.  
 
4. What do reef corals provide to other organisms? 
 
Coral reefs provide food, building materials, medicines, and coastal protection to humans.  Coral 
reefs provide food, protection from predation, and shelter for other reef dwelling organisms. 
 
5. Why is it important to monitor coral and macroalgal cover? 
 
Monitoring coral and macroalgal cover over time, tells scientists how the communities are 
affected by various factors.  In addition changes in either of these communities may suggest that 
other organisms present on reefs may also be affected. 
 
 
 
 

 
Fig. 23.  After a long day underwater, graduate 
student researchers relax on the dock. 

 
Fig. 24.  A researcher working with a team of 
scientists on the outer reefs of French Polynesia 
at 60ft depth. 



21 

Terms and Definitions  
 
Ahermatypes/Ahermatypic – corals that do not contain zooxanthaellae and do not form reefs. 
 
Amino acids – the “building-blocks” of proteins and peptides that are organic compounds 

composed of an acidic carboxyl (COOH) and a basic amino acid (NH2). 
 
Anemones – a soft-bodied type of cnidarian, which is a free-living polyp that attaches to the 

benthos but can move and reattach using its muscular foot. 
 
Asexual – in corals often refers to breaking of an adult colony which then creates multiple 

individuals with the same genetic composition. 
 
Benthic – refers to sea bottom-dwelling habitat - organisms that live in sediments or are attached 

to the bottom such as corals and sponges. 
 
Biomedically – referring to medicine as it related to biological systems, such as examining 

marine invertebrates for compounds that can be used in cancer treatment and prevention 
research. 

 
Biosphere – the part of the planet where organisms live and interact, a whole-planet ecosystem. 
 
Broadcast - refers to a reproductive strategy of corals where sperm and eggs are released into the 

water following environmental cues, and fertilization occurs outside of the parent polyp. 
 
Brooding – refers to a reproductive strategy of corals when eggs are fertilized within the polyp, 

and the larvae are retained until mature. Then the larvae are released into the water, often 
with a lipid food supply and zooxanthellae received from the “mother”. Brooded larvae 
are developed more fully when released in comparison to larvae from spawning corals. 

 
Benthos – refers to the habitat on the seafloor rather than in the water column (the pelagic 

habitat).  Benthic habitats include sandy and muddy bottoms, rocky reefs and coral reefs. 
 
Cnidarian – a phylum of organisms that are radial symmetrical, have two layers of living tissue, 

tentacles surrounding the mouth, with a single opening to the digestive system, and 
stinging cells called cnidae. This phylum includes corals, sea anemones, and sea jellies. 

 
Coral bleaching –occurs when zooxanthellae leave or are expelled from the animal host, which 

then causes the coral to look pale or white in color.  
 
Coral – the common name for scleractinian corals that build coral reefs.  Most corals are tropical 

– and include the best known, largest and most colorful corals – but corals also live in 
cold waters including those off California, New England, and at the bottom of the deepest 
portions of the major oceans.  In such cold locations, corals do not build the reefs that are 
well known in the tropics.  
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Dissolved organic compounds – organic matter that is dissolved into the seawater that some 
organisms have the ability to take into their tissue or digestive system and use to meet 
their nutritional requirements.  

 
Diversity – variety or differences in a group of something. In ecology, diversity generally refers 

to communities that have a large number of species (a diverse community) that are 
abundant (not rare).  

 
Ecological importance – the importance of a species to the rest of the species in the community. 

For example, corals form the structural & physical basis for the coral reef community. 
 
Ectoderm – the outer tissue layer in animals.  
 
Endoderm – the inner tissue layer in animals. 
 
Evolutionary success – refers to species that are able to persist through evolutionary time and 

possess the genetic diversity necessary to succeed in different or changing environmental 
conditions. 

 
Excrete – to eliminate waste material from the body or tissues. 
 
Extinction – the complete loss of a species from the planet earth so that the species is neither 

replaced nor evolves into a different species. Extinctions generally affect one species at a 
time, but mass extinctions have occurred in times of environmental catastrophes and are 
now a possible outcome of global climate change. 

 
Fertilization – the union of two gametes (sperm and egg) to produce a zygote (a fertilized egg), 

which occurs during sexual reproduction. 
 
Fix nitrogen – (in reference to zooxanthellae) refers to the conversion of gaseous nitrogen in the 

environment into amino acids that other organisms (such as the coral host) can use. 
 
Functional group – a group of organisms that have a similar ecological role, e.g. all herbivores 

(plant-eaters) within a community. 
 
Gametes – a cell that contains half the genetic material of it’s parent and can be either female 

(egg) or male (sperm) that will then fuse with a gamete of the opposite sex to form a 
zygote (fertilization). 

 
Genetic diversity – this term has multiple meanings depending on the context, but it usually 

refers to the “amount” of genetic variation in a population or community. 
 
Genotypes – the genetic identity of an organism, the specific genes which an individual has 

inherited from its parents, which in combination with environmental influences, 
contributes to an individuals physical appearance (called the phenotype). 
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Genus – a category of related organisms that usually includes numerous species. 
 
Global warming – a scenario that causes the mean temperature of the whole planet to rise.  Most 

biologists agree that the primary cause is a collection of gases called “green house” gases 
that are released into the atmosphere and serve to trap infra-red radiation (i.e., heat) 
within the atmosphere.  Green house gases include carbon dioxide (thought to be the 
main offender), Freon, and Methane.  There are countless sources of these gases – most 
natural and human-related – but scientists agree the most significant sources are 
attributed to the things that we all do: drive cars, ride in planes, heat our homes, run air 
conditioners, and enjoy a “throwaway” life style.  All of these things cause large 
quantities of carbon dioxide to be released to the atmosphere. 

 
 There are many consequences of global warming, and most of them are highly complex, 

interconnected and difficult to predict.  Warming of tropical seas (which causes coral 
bleaching) is only one facet of the effects – others include modified patterns of rainfall, 
severe storms, cold winters, etc.  Just because the phenomenon is called “global 
warming” is doesn’t follow simply that all locations on the planet will get hotter and 
drier. 

 
Hermaphroditic – refers to organisms that have both male and female sex organs. 
  
Hermatypic/ Hermatypes – refers to corals that deposit a hard calcareous skeleton and are reef-

building. 
 
Hydras – a genus of cnidarian that inhabit both fresh and saltwater. 
 
Larvae – a free-living early developmental stage in the life history of many invertebrates. 
 
Macroalgae – a general name for algae that grow to be large organisms.  In this case, “large” 

means anything from several centimeters to something as big as the giant kelp (which can 
be 30-m tall) living off the shores of California.  Most macroalgae are marine, and in the 
context of coral reefs, macroalgae have become extremely important where they have 
replaced corals that have died due to pollution, storms, and a diversity of other factors.  

 
Mesoglea – a gelatinous layer with organs that are used for digestion, nutrient transport and 

storage, wound repair and antibacterial defense, this layer is located between the 
ectoderm and endoderm.  

 
Metamorphose – the process of development from larvae towards becoming a sexually mature 

adult. 
 
Modular design – refers to organisms that grow by repeating the same (genetically identical) 

parts (e.g., polyps) rather than a single part increasing in size (e.g., humans). 
 
Morphological variation – refers to the ability of some organisms to change their phenotype or 

appearance to be optimal for the environment in which they live. 
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Multicellular – organisms that consist of more than one cell. 
 
Mutualistic symbiosis – refers to when two different organisms live in close association (i.e., one 

within or on another) and each receives benefits from the association (see symbiotic 
algae). 

 
Nematocysts – “harpoon-like” cells in cnidarian tentacles that contain a thread with toxins that 

can be shot out into a prey and stun prey so that they are immobile and can be dragged 
into the polyps mouth. 

 
Non-point source pollution – pollution that is added to the environment through a mechanism 

that cannot be attributed to a single “point” such as a pipe discharging effluent into a 
lake.  Most pollution is point source as it can be attributed to a specific violator and a 
specific mechanism of pollution.  An example of a non-point source pollutant might 
include the diffuse effects of terrestrial runoff along a long stretch of shoreline.  

 
Nutrient depleted – areas with few available nutrients, such as coral reefs, which have very clear 

water due to the low levels of nutrients available. 
 
Partial mortality – in reference to modular organisms when a part of the colony dies, but the rest 

remains alive and growing. 
 
Photoquadrat – a square (quadrat) or a set area (such as a 50 x 50 cm) that is photographed in the 

field, so that organisms with in the set area can be counted or measured. The goal of such 
a procedure is typically to estimate the percentage cover or the number of organism 
present in a study area.  

 
Photosynthetic carbon – refers to carbon that is derived from photosynthesis by zooxanthellae 

and is available to the animal host. 
 
Phylum – the second most broad classification level of organisms, below kingdom, but above 

class, order, family and species.  “Cnidaria” is an example of this taxon that contains the 
reef corals (and anemones, sea jellies and hydroids). 

 
Phytoplankton – tiny plants that live in the water column along with zooplankton that make up 

the plankton, an important base of the food source in the ocean. 
 
Polyp – the smallest unit of a coral that is self-sustainable, a bag –like structure that consists of a 

trunk, mouth and tentacles, in stony corals the polyp sits in a cup-like section of a hard 
limestone skeleton. 

 
Populations – a group of organisms of the same species that occupy a definable area, such as an 

island. 
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Primary production – the production of biomass by autotrophs, i.e., plants and algae that convert 
energy from the sun (photosynthesis) into biomass or growth.  The basis of food webs. 

 
Quadrapod – a large frame that is used in research to repeatedly photograph a set area (e.g., a 

square meter) by providing a square frame below a camera that is attached at a set height. 
A scale bar on the frame allows scientists to repeatedly take accurate pictures of a reef, 
and then later use a computer to measure and count the corals or other objects in the 
picture. 

 
Quadrat – a square sampling tool that is used to delineate an area of habitat in which organisms 

can be counted in a standardized way.  Many biologists use quadrats that are 1 x 1 m in 
size, although the actually size will depend on the organisms that are being counted. 
Corals often can be counted using quadrats 1 x 1 m in size, but worms might need a 
smaller area (e.g., 10 x 10 cm), and lobsters a larger area (e.g., 10 x 10 m).  

 
Recruitment – the addition of an new (juvenile) individual to a population. For example, a coral 

larva will float around until it finds a suitable area of substrate (rock, dead coral, coralline 
algae, etc) that it permanently attaches to, and then is said to have recruited to the 
population. 

 
Recycle essential nutrients – an essential process of reuse of limiting resources in coral reefs 

which are nutrient-poor – where some organisms can convert unusable forms of nutrients 
such as nitrogen in the water into usable forms that can be taken up by other organisms in 
the community. 

 
Replicates – in science multiple samples of the same thing, e.g. multiple counts of species within 

in one habitat. 
 
Scleractinia – is a group of animals that include the true stony corals that are responsible for 

building coral reefs in tropical seas.  Scleractinians are related to anemones, sea jellies 
and hydras.  In scientific terms, the Scleractinia is an Order within the Class Anthozoa, 
which in turn, is a broad group within the Phylum Cnidaria.  Interestingly, while 
scleractinians are responsible for building the only living structure visible from space (the 
Great Barrier Reef), they represent some of the simplest multi-cellular animals on the 
planet. Corals have only two tissue layers as opposed to the three that characterize most 
animals (including humans).  

 
Sea jellies – gelatinous cnidarians that have clear bell-shaped bodies, often with tentacles 

underneath with stinging cells (nematocysts) that are used to capture and immobilize 
prey. Sea jellies often are distributed by currents, but they have some ability for 
locomotion.  

 
Sexual – refers to a reproductive strategy involving gametes (i.e. sperm and eggs) from male and 

female individuals that come together to form a zygote.  Development of the zygote 
results in a new individual with a genotype that is different (but composed of) the 
parental genotype. 
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 Sexually mature – referring to organisms, which are developed to an “adult” stage that can 

produce offspring. 
 
Symbiotic algae – in reference to corals – which form a symbiosis (a mutually beneficial 

association) between an animal host and a dinoflagellate (alga). The algae live within the 
animal tissue and receive ammonium from the coral and a place to live. In return the 
algae photosynthesize and release the sugars that provide food to the animal host.  

 
Taxonomic – refers to a classification system of naming and categorizing organisms by grouping 

those with similar features.  
 
Temperate – the latitudes of the planet that are between the tropics and the polar regions, that 

have hot summers and cold winters and usually intermediate temperatures for the autumn 
and spring. 

  
Tentacles  - a long flexible organ around the mouth of a polyp that is used for holding or 

grasping prey. Coral tentacles usually are lined with numerous stinging cells called 
nematocysts  that assist in the capture of food. 

 
Transect tape – is a long tape measure used to record distances and mark study areas.  Transect 

tapes can be various lengths, but most scientists use transects that are 25 or 50 m in 
length.  In rare cases, scientists might sample along a “virtual” transect extending across 
1000’s of kilometers.  

 
Zooplankton – animals that live in the water column and capture food that flows past them. 

Although most zooplankton have limited mobility, many species complete daily vertical 
migrations to follow the phytoplankton that respond positively to daylight.  

 
Zooplanktivory – refers to animals that feed on animal plankton in order to meet all or part of 

their nutritional requirements. 
 
Zooxanthellae – the general name given to the diverse group of single-celled algae that live 

within the cells of the animal host.  Most of these algae are in the genus Symbiodinium. 
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If you have comments or suggestions to improve this document, please send them directly to Peter Edmunds at: 
 

peter.edmunds@csun.edu 

 
Parting shot.  Research divers hang onto the mooring line at 20 ft while waiting to ascend after a diver to count 
corals at 60ft in Moorea, French Polynesia. 


