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INTRODUCTION
This handbook has been put together by a diverse group of scientists and students who have been
working together with the communities of the Micronesian (Yap) outer islands to find ways to better
manage their fish and enhance their reef resources. It is designed as an introduction to coral reefs and
their management. It is intended as a resource for communities, and is aimed at both students and
anyone interested in learning more about this subject. Some of the information is general information
about coral reefs, while other information is specific to the reefs of the outer islands. There is a glossary
at the end of the handbook to explain scientific words that may be new to the reader. For more detailed
information on reef management and monitoring, please see the One People One Reef Best Practices
document, and the Reef and Fisheries Monitoring Handbook.
Coral reefs are an important marine ecosystem. Over 500 million people worldwide depend on coral reefs
to provide food or materials. Coral reefs only occur in certain places in the world – those with warm,
shallow, clear water and limited pollution. Micronesia is special because it has so many coral reefs.
In the outer islands, healthy coral reefs are essential to the community: they protect islands from erosion
and provide habitat for important food fish. Communities in the outer islands have been effectively
managing their coral reefs for a very long time. However, some loss of traditional knowledge, combined
with overfishing, global climate change and other threats, have created a need for improved
management. Many reefs in the outer islands are generally ‘healthy’, but careful management is
necessary to keep them healthy, and to improve those that aren’t. The people of the outer islands need
healthy reefs to stay healthy themselves!

Coral Reef Ecology Handbook, 3rd ed. 3

SECTION I: OUTER ISLAND COMMUNITIES NEED HEALTHY CORAL REEFS
Coral reefs are important to the livelihoods of people
for many reasons. Two key reasons for the people of
the outer islands are:

THEY CREATE A HOME FOR FISH & INVERTEBRATES
Coral reefs provide important habitat (place to live)
for many of the fish and invertebrates (like octopus
and clams) that are eaten by the people living there. A
healthy coral reef can provide places for fish to hide
from predators, spaces for fish to reproduce, and food
for them to eat. Healthy reefs are often composed of
Yealil (Ulithi), 2013. Healthy reefs like this one
a variety of different corals with numerous
usually have a lot of coral diversity
morphologies (shapes and sizes). In other words,
healthy reefs usually have a lot of coral diversity. If there is a healthy variety of coral species and
morphologies present, there is a larger variety of habitats, and there will be more likely to be a wide
variety of fish living there. Fish that live in deeper water as adults, like the black snapper (gigi), also need
coral reefs as nursery habitat for their juveniles.
If the coral reefs begin to die – because of breaking, being overgrown by algae, bleaching, or disease –
the amount of habitat for fish will be less, and so there will be less fish to eat.

THEY PROTECT ISLANDS FROM EROSION
Coral reefs also protect the islands they surround from erosion. In this case, the rugosity of the reef is
important. (Rugosity is a measure of the variety in the shape of the reef, or the reef complexity). Reefs
that are relatively flat are not as effective at minimizing erosion because waves are able to wash over
them without breaking, and then those waves break on the beaches instead, washing them away. A
healthy reef is usually not flat and has lots of high points and low points. This will slow large waves from
storms, causing them to break on the reef instead of on the islands’ beaches. A wave that breaks on the
reef will not have as much power by the time it reaches the shore and will not be able to remove as much
sand. A flat reef does not provide much protection from erosion.

Erosion in Eauripik

The reef in front of Asor has relatively low rugosity (it is quite
flat), so it won’t slow down large waves
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SECTION II: WHAT ARE CORAL REEFS?
CORAL REEFS ARE ALIVE!
They are made up of thousands of tiny animals, called polyps, that look like tiny anemones, each of which
has a hard shell, or skeleton inside of it that the polyp sits in. These skeletons are what make the reef
seem like a rock. The polyp has a mouth in the center, surrounded by tentacles that have stinging cells
called nematocysts (they are related to jellyfish). The polyp can put out its tentacles to feed – often at
night – or can hide them inside the skeleton for protection. The skeleton is also what anchors the coral to
the seafloor.

Coral polyp anatomy

CORALS ARE ANIMALS THAT ARE ALSO LIKE PLANTS
The coral polyps have tiny, single-celled algae (plant-like organisms) called zooxanthellae
(zo*zan*thel*ee) living inside of them. Like all algae, zooxanthellae use the sun’s energy to make food
from carbon dioxide and water in a process called photosynthesis. The zooxanthellae algae give some of
their energy from photosynthesis to the coral polyps. This makes corals kind of like plants. The polyps
need the energy to build their calcium carbonate skeletons. The coral polyps also help to feed the
zooxanthellae by giving them nutrients in their waste. This is kind of partnership is called mutualism – a
type of symbiosis, where two different species live closely together and both of them benefit.
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CORAL BLEACHING
If the water is too warm, or
polluted, the coral animal gets
stressed and its zooxanthellae
leave – this process is known as
coral bleaching. When a coral
bleaches it turns white, because it
is the zooxanthellae that give the
coral their color. If the
zooxanthellae don’t come back
soon, the coral will die, since they
need the energy they get from the
zooxanthellae.

Coral bleaching

WHERE ARE CORAL REEFS FOUND?
Coral reefs are only found in warm
tropical climates. Coral animals are very
sensitive. They like clear water, so water
that has a lot of silt or dirt in it and water
that has a lot of pollution is not good for
them. Clear water is necessary because
corals need sunlight for their
zooxanthellae to photosynthesize.
World map of coral reefs

HOW REEFS GROW: CORAL REPRODUCTION
Reefs grow by corals reproducing. They do this in
two different ways:

ASEXUAL REPRODUCTION
In asexual reproduction the polyps (coral animals)
divide and form identical copies of themselves. A
group of identical, connected polyps is called a
colony. A colony is made up of hundreds of
thousands of polyps. A reef is built of many
colonies. As polyps divide and make these
identical copies, the reef grows. It also grows as
each polyp periodically lifts off its base and grows
a new layer of skeleton above the old one.

A coral colony grows by asexual reproduction; a colony is
made up of hundreds of thousands of identical polyps.
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SEXUAL REPRODUCTION
Corals can also reproduce sexually (with eggs and sperm). Some corals have eggs and sperm in the same
individual, others have separate sexes. Some corals are broadcast spawners: their polyps release eggs and
sperm into the water at the same time – often over one to several nights around a full moon. The egg and
sperm join to form a coral larva (coral baby, called a planula), which floats on the currents until it settles
on a hard, clean surface and transforms into a polyp, beginning a new coral colony. Other corals are
brooders, where the egg and sperm join within the polyp, and the larva (coral baby) stays and develops
there until it is ready to be released and settle. Coral larvae of brooders may settle closer to their parent
colony.

Coral life cycle

CORAL LARVAE (CORAL BABIES) NEED SPECIAL PLACES TO
SETTLE
Coral larvae (baby corals) cannot settle and start a new
colony on top of leafy algae or broken corals. They need a
clean, solid surface, like a dead coral or coralline algae (see
the Coral life cycle diagram above). Coralline algae are
important because they provide space for coral larvae to
settle and grow. In fact, coral larvae actively prefer to
settle on coralline algae. This is one of the reasons why we
look for coralline algae when we monitor the reef.
Coralline algae also help cement the coral colonies
together into the hard structures that make the coral reef.

The pink patches are coralline algae
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TYPES OF CORAL REEFS AND COASTAL ECOSYSTEMS
Each of the outer islands is different. It makes sense that the reefs found around each island would be
different, too. Here are some of the most common types of reefs and coastal environments found in the
Micronesian outer islands:

FRINGING REEFS
Fringing reefs are found close to shore. They are usually attached to the island and do not have a lagoon
between the island and the edge of the reef (called the reef crest). Satawal, Fais and Falalop, Ulithi are
islands that have fringing reefs. Often at low tide, parts of a fringing reef will be exposed (above the
water).

BARRIER REEFS
Barrier reefs are similar to fringing reefs as they also border a shoreline. However, instead of growing
directly out from the shore, they are separated from land by a lagoon of open, often deep water between
the reef and the shore. Many would consider Yap Proper to have a barrier reef because of the deep
lagoon between the main islands and the reef.

ATOLLS
Atolls, like the Ulithi Atoll, are round coral reefs (or coral islands) that form a ring around a deep lagoon,
often with several islands on the ‘ring’. Atolls are formed when an island, formed by ancient volcanic
eruptions, slowly sinks over millions of years (see diagram above). Corals grow around the island when it
is young, forming a fringing reef. As the island sinks, and the corals continue to grow, a lagoon forms
between the island and the reef, which is now a barrier reef. Eventually, millions of years later, the island
sinks below the surface of the ocean, and what is left is the ring of coral. Small islands often form on the
Coral Reef Ecology Handbook, 3rd ed. 8

ring, as they have in Ulithi and Woleai, and may result in multiple islands in a single atoll. Or, there could
be a single main island, such as in Eauripik.

PATCH REEFS
Patch reefs are small groups of corals that are often found in lagoons. Patch reefs are common in the
outer islands. They are usually found in shallow water and are often surrounded by sand or seagrass beds.

SEAGRASS BEDS
Seagrass beds provide important habitat for many juvenile
(young) fish. They are also important feeding grounds for a
number of larger fish like rabbitfish (relatives of haramei).
Seagrasses also hold the sand in place and help protect the
islands from waves and erosion. In some atolls, such as Ulithi,
there are no seagrass beds, although there used to be. In others,
seagrasses are still plentiful. It’s important to monitor seagrass
beds and if they start to disappear, there may be action that can
be taken by people to protect them.

WHY DO DIFFERENT ISLANDS HAVE DIFFERENT TYPES OF REEFS?

Seagrass beds are important nurseries
for juvenile fish and protect against
erosion.

Many factors contribute to the different types of reefs found at
each island. For example, deep channels surround some islands. The currents in these channels may
provide lots of nutrients for barrier reefs or fringing reefs, but the water moves too fast or is too deep for
seagrass beds or patch reefs to form. Other islands have shallow, sandy bottoms just inside the reef crest.
In these cases, patch reefs and seagrass beds are more common.

SOME REEF TYPES OF THE OUTER ISLANDS
We have found some specific types of reefs on the outer islands. In general, reefs closer to villages and in
the more protected parts of lagoons show the most human impacts, least healthy coral, and lowest fish
biomass (total weight of fish in an area).

1. Reefs facing the inside of the lagoon
a. Reefs near to villages (more enclosed and less water flow), (eg.
reefs in front of Mog Mog and Asor, Ulithi and reefs in front of
Falalop, Ulithi and Woleai). These reefs tend to have low coral
cover, more cyanobacteria (the algae that can look like hair) less
fish, and more evidence of human pollution and poor coral
health.
b. Reefs farther from villages (eg. lagoon reefs of south-eastern
part of Lamotrek and south part of Ulithi Lagoon). These can
have very high coral cover and very large amount of fish biomass Cyanobacteria (may be black,
brown or green)
(especially reefs near passes).
2. Reefs facing outside the lagoon
a. West (mostly) or south-facing reefs that are facing the outside of the lagoons (eg. west side of
Ulithi, south of Woleai and Lamotrek and southwest walls of Eauripik). These are mostly
‘healthy’ with high coral cover and diversity, steep drop-offs, and a fair amount of crustose
coralline algae. They have a lot of fish. The more remote the reef, the more fish in general.
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b. More southerly or easterly facing reefs (eg. south
reefs of Satawal, Elato, Lamotrek, and Woleai).
These have a lot of green algae. This does not
mean they are not healthy, it is a type of algae
specific to these reefs and does not necessarily
mean there has been overfishing or that the reef
is unhealthy.

3. Reefs that are not part of an atoll
“Healthy” reef with lots of green algae
Ocean-facing reefs (leeward side of islands), that show
evidence of overfishing and human impacts. (eg. Falalop (Ulithi), Satawal and Fais – these islands share in
common that they are not part of an atoll, and their fishing pressure may be more localized around the
island). These reefs have lower coral cover, high cover of ‘turf’ algae, and fewer fish.

These reef types are described in more detail in our paper Atoll-scale patterns in coral reef community
structure.
Because the reef types are different, the fish they support are different too. Therefore each reef has a
unique set of qualities that need to be considered for management.

HEALTHY REEFS: REEF FISH NEED CORAL, CORAL NEED FISH, AND PEOPLE NEED BOTH
Corals provide homes for fish, including
fish that people eat. Important groups of
fish are herbivores (fish that eat only
algae), carnivores (fish that eat only
animals), corallivores (fish that eat only
coral), and omnivores (fish that eat both
algae and animals). Knowing which fish
belong to which group is important to
understanding how coral reefs work, and
to understanding how to fish sustainably.
For example, if too many herbivorous fish
are caught (remember, these eat algae),
Left: Healthy reef, full of fish; Right: dead reef with very few fish
algae can overgrow the corals, blocking
out sunlight and taking up space. This will cause damage to the coral reef. A dead reef does not support
much life . Corals are living animals that can take hundreds of years to grow. They cannot recover quickly
from serious damage. For this reason, and for the benefits they give to the outer islands in the form of
protection from erosion and waves as well as providing habitats for fish, it is important to keep the reefs
healthy.
In the Micronesian outer islands, healthy reefs mean healthy people. The future of the islands is
fundamentally linked to the future of the coral reefs.

Coral Reef Ecology Handbook, 3rd ed. 10

SECTION III: THREATS TO CORAL REEFS & COMMUNITIES IN THE OUTER
ISLANDS – AND POTENTIAL SOLUTIONS
The outer islands have some beautiful, healthy coral reefs with lots of fish diversity and coral species.
However, when too much fishing happens too close to villages, it puts the reefs around inhabited islands
under stress. These reefs are facing a number of challenges. Some of the reefs are not very healthy and
are not supporting as many fish as they used to. Historically, many of the outer islands supported more
people than are there now. All of these people depended on the reefs for food. So why are the reefs facing
more problems now than they were then?

1. THREAT: OVERFISHING
In many of the outer islands, certain groups of fish are being targeted as food more often than others.
Unfortunately, many of these important food fish are also very important for the health of the reefs.
Taking too many of these fish can lead to problems. These problems can be addressed with management.

CARNIVORES (PREDATORS)
Spawning aggregations
Carnivorous fish like grouper (layurebong, halie, tai’auw, and bele), emperors (nguru, hatheg) and
snapper (metacha, letedfach) are commonly caught with hook and line. Many are caught in lagoons or on
farther reefs. These fish are aggregators – they come together in big groups to spawn (mate) during
certain times of the year, which makes them easy to catch then. Catching too many of them at a time
when they are reproducing reduces the population in future years.

Grouper (layurebong, halie, tai’auw, and bele)
Many large predatory fishes like grouper (layurebong, halie, tai’auw,
and bele) are slow-growing. When too many big fish are caught, only
young fish are left. The young fish are too young to reproduce. Even a
small adult fish can make many fewer babies than a large adult fish, so
letting fish grow big can be important.

Fasfos/coral grouper are
sequential hermaphrodites

Also, some of these fish change sex in their life. Fish that change from
one sex to the other are called sequential hermaphrodites. When the
big fish are all of one sex, and they are targeted, reproduction
becomes limited.
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HERBIVORES
Herbivores (algae-eaters) keep too much
algae from growing on the reef
Coral and algae compete for sunlight and space on
the reefs. Herbivores, like rabbitfish (leg, harmie);
surgeonfish, tangs (felang, mor’lage, mwo’rr, golach,
bulhalai); and parrotfish (mpel, mow) are important
for the health of the reef because they eat algae and
keep it from overgrowing. While some forms of algae
are good for the reef, there are other forms (such as
macroalgae) that are harmful in large amounts.

Most herbivorous fish like to eat small forms of
algae, known as turf algae. This controls the growth
of macroalgae on the reefs by removing it before it

Herbivores like holach (convict tang) eat algae from
the reef and help keep the coral healthy

can grow into its full leafy form.
When large numbers of important herbivorous
fish species are fished, too many macroalgae
are able to grow, and can then kill or damage
corals. This can happen when too many fish like
orangespine unicornfish (bolgalei) and
orangeband surgeonfish (morfach) are speared,
and when throw nets are used to catch
nearshore surgeonfish (eg. convict tang
(holach)) in large numbers.

This catch is mostly of herbivorous (algae-eating) reef fish.

Parrotfishes (mpel and mow):
Some parrotfishes (mpel and mow) are herbivores (which means they eat only plants and algae). Some
species of parrotfish use their beak-like teeth to graze on thin algae that grow on rock. As they feed, they
scrape off soft portions of the rock, creating new habitat for coral to grow. Other species of parrotfishes
are corallivores, while still others feed on larger leafy algae (called macroalgae).
Most parrotfishes are sequential hermaphrodites and change from female to male. The bigger and more
colorful fish are often male . Large parrotfish are often targeted for night spearfishing, because they sleep
at night and are therefore easy to catch. The large parrotfish that are targeted are often males, while the
smaller parrotfish are often females. Males are responsible for protecting the smaller females, and large
males are able to breed with a number of females, producing a large number of babies and repopulating
the reefs. When a large male is killed for food, a smaller female will turn into a male to take its place.
Smaller male parrotfish are not as able to protect the female parrotfish and are not able to produce as
many babies. They also don’t eat as much algae, which can cause the reef to have too much algae.
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Pacific bullethead parrotfish (dilmow) are sequential hermaphrodites: they change sex from
female to male. Left - female (Courtesy David Schrichte). Right - male.

POTENTIAL SOLUTIONS: FISHERIES MANAGEMENT
On Ulithi, the different islands have all made their own reef management plans that include rules about
fishing. Some of the measures they have agreed on include:

REVIVING TRADITIONAL MANAGEMENT PRACTICES
These include limitations on eating certain fish, eating them only in certain seasons, and closing reefs to
fishing for certain periods of time. (See Threat 2 for more details).

LIMIT USE OF FISHING METHODS THAT REMOVE A LOT OF HERBIVOROUS FISH
Examples: throw nets that catch holach (convict tang), night spearfishing with lights.

MONITORING FISH CATCH
Monitoring catch can help management (see p.23). For example, knowing which are the main kinds of
fish that are caught and how big the adults are can help you avoid catching juveniles. Knowing when
female fish have eggs and when the males have sperm can help you avoid catching them when they are
reproducing on your reefs.

OTHER MANAGEMENT APPROACHES
Management that protects aggregating spawners like groupers ((layurebong, halie, tai’auw, and bele) and
snapper (letedfach, gigi, tat) during the 2-4 weeks when they are spawning (releasing eggs and sperm)
can be very effective.

2. THREAT: LOSS OF TRADITIONAL MANAGEMENT METHODS
Communities in the outer islands have been effectively managing their coral reefs for a very long time.
We have found that many traditional management practices are similar to what fisheries managers
around the world are using today based on scientific studies of what kinds of management work well.
World War II brought important changes to the outer islands, some of which led to the loss of traditional
practices. Some examples are in the table below:
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Traditional Practice

Changes after World War II

Canoes
(wal faluch) vs
motorboats

Sailing canoes (wal faluch) were used
to access distant fishing sites. The sites
that could be reached changed
seasonally, depending on the wind –
not enough wind at some times of
year, and strong storms at others,
determined which sites were fished
and by what methods.

Motorboats led to a decrease in canoe use.
On some islands, canoes are no longer used
at all. Motorboats have changed fishing
patterns: with rising fuel costs, motorboats
were used to fish areas close to the islands
too often, resulting in overfishing at these
sites. They also allow access to fishing sites
that were not accessible in the summer
before because of a lack of wind to power
the canoes.

Fishing
methods

Fishing was done using traditional
nets, hook-and-line, and traditional
spears (that were generally used in
very shallow water).

More modern fishing gear was introduced,
including modern throw nets, and
spearguns with dive lights. Spearfishing at
night makes it easy to catch many large,
herbivorous fish (eg. mow) that are
important to the reef. Throw nets catch
nearshore surgeonfish (e,g., holach) in large
numbers

Structures called Fish Aggregating
Devices (FADs) were made out of
coconut husks and palm leaves and
secured in deep waters to create
shade and attract pelagic (open ocean)
fish. These include trevallys (chep,
shepeliyarong, languy), rainbow
runners (faeu-faeu), wahoos (yaal),
and tuna (yasol).

Traditional FADs stopped being used. The
State built FADs out of newer materials, but
many didn’t work or were not placed in the
outer islands. This has concentrated fishing
pressure on the reefs.

Many areas were closed to fishing
during certain times of the year, some
to protect the fish, and others because
of difficulty getting to them during the
stormy seasons.

The introduction of motorboats meant
areas that people could previously not get
to because of wind patterns were suddenly
within reach year-round, so some of those
sites have become overfished, and don’t get
a chance to recover.

Some areas were closed year-round,
and some were only opened for
special occasions, such as community
fishing, funerals and celebrations.

While some of these traditions are still in
use, many are not being followed or
enforced. Some knowledge about why this
approach was useful has been forgotten.

Some species, such as rabbitfish (leg
and harmie), were only eaten
seasonally.

While some of this is still being observed,
new gear and different management has
allowed for more year-round consumption.

Closed areas
and seasonal
management
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Refrigeration

No refrigeration meant people fished
only for immediate needs.

Refrigerators and freezers mean that large
numbers of fish can be removed from the
reef at a time and preserved. This leads to
more fish than are needed being taken from
the reef, which can cause fish populations
to decline. Unequal access to refrigeration
can also cause conflicts between families.

Export of fish

Fish were mostly only eaten locally by
islanders. Some fish were dried to
transport to other islands.

Refrigeration and access to ships for
transportation introduced the new
possibility of the exportation of fresh fish
(sending fish out of the islands) to family
members, friends, or for sale.
There is now increased interest from
commercial buyers in paying for fishing
rights, for example for live fish and sea
cucumber fisheries. This can cause
problems (see Threat 7 below).

These new fishing methods made things
easier in a lot of ways, but also changed
the ways the reefs of the outer islands
were managed. By increasing the amount
of fishing being done in certain areas, the
new fishing methods may have added
more pressure to reefs that were already
stressed. At the same time, community
leaders and reef owners were using fewer
traditional reef closures and so reefs and
fish were not being protected like they
used to be. The introduction of western
style education for young people brought
A canoe in Ifaluk
many opportunities, but also led to less
traditional education including the sharing of stories and teaching of traditional practices.

POTENTIAL SOLUTIONS: STRENGTHENING TRADITIONAL MANAGEMENT METHODS
Reef closures (short and long-term), restrictions on using some kinds of fishing gear, seasonal regulations,
and enforcement of the rules, could all be part of a solution. Another example would be using traditional
fish aggregating devices (FADs) to increase catch of fishes that are caught further offshore like dedal and
skipjack tuna. Catching these fish does not impact the reef and targeting them using FADs may be a good
strategy for outer islanders. Emphasizing these traditional management practices can help slow or stop
fish declines and protect reefs. In some cases we have already seen the positive effects of these practices
(see p.28). More details and examples are available in Section 3 of the Best Practices document.
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In addition, educating young people about traditional practices, reefs and the importance of
management, will help the whole community agree on respecting the rules in order to safeguard their
future.

3. THREAT: HUMAN AND ANIMAL WASTE
Eutrophication is a form of pollution caused by nutrients, such as those found in human and animal waste.
In the outer islands, eutrophication is most likely caused by human and animal waste that is emptied into
(or washes into) the ocean and onto the reefs. These nutrients feed algae and bacteria which can kill corals
or keep coral babies from settling. We think that eutrophication, in addition to the reduction of the number
of herbivorous fish, is contributing to the overgrowth of algae and cyanobacteria that is seen on many outer
island coral reefs. Eutrophication can be very damaging to reefs and can even kill them. This means that
managing reefs that are close to villages is especially important, because they are under this additional
stress.

4. THREAT: BROKEN CORALS
Since coral reefs provide the home for the rest of
the coral reef community (animals and algae), when
corals break, it affects everything that lives there.
Sometimes the coral dies, sometimes the broken
coral can regrow, but kill other corals when it does
that. When corals break it also changes the shape of
the reef. This can make the coral less attractive to
some fish, less able to reproduce, and less effective
at protecting islands from erosion. Because corals
grow so slowly, recovery can take a long time .

HISTORICAL DAMAGE

Corals broken by boat anchors
The reefs of Ulithi have a very important story to
tell. In the past, many different
people have visited and used
the Atoll, including the
Japanese and the Americans in
World War II. During World War
II, so many ships were in the
Atoll and so many people used
the islands that the reefs may
have been damaged by the
During WWII, the Ulithi Atoll was filled with ships.
activity.
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MORE RECENTLY, CORALS HAVE
BEEN BROKEN BY:
•
•
•
•
•

people walking on them
boats landing and anchoring on
them
typhoons
trees washed into the water due
to erosion
harvesting coral for lime

Acropora are important reef-building corals, that are sometimes
used to make lime for betel nut chewing

Lime for betel nut
Some corals, such as Acropora (pictured), are sometimes broken and used to make lime for chewing betel
nut. Acropora are important corals on reefs. The branching structure creates a number of hiding places
for fish, and because it grows tall, it adds to the rugosity of the reef. This makes it more effective at
protecting the islands from erosion than flatter corals.
These damages make the reefs less resilient, or less able to recover from other stresses (such as
overfishing).

POTENTIAL SOLUTIONS: AVOIDING DAMAGE TO CORALS
•
•
•

people can avoid standing on, kicking or carving in corals.
boats can try to drop their anchors on sand instead of on corals.
communities could consider alternatives to using Acropora for lime.

5. THREAT: CHANGING CLIMATE
Climate change is causing:
•
•
•
•

the ocean to become warmer
the ocean to become more acidic (a process known as ocean acidification)
more frequent large storms
sea level rise

CLIMATE CHANGE AND REEF STRESS
Some reefs in the outer islands show signs of being stressed by a changing climate. Coral bleaching (see
p.6) is one threat to reefs that is connected to higher ocean temperatures. Ocean acidification dissolves
the coral skeletons, making it difficult for corals to grow. In the case of the outer islands, this changing
ocean chemistry, in addition to the strain of overfishing, pollution and sediment from erosion (made
worse by sea-level rise) has stressed some coral reefs. This stress may have led to a change in the species
of fishes, corals and other animals that live in the outer islands.
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MONTIPORA (CABBAGE CORAL)
Many people who live in Ulithi and other outer islands are aware of the cabbage coral that has been
rapidly growing around certain islands.
A reef composed entirely of Montipora tends
to be very flat, which can be a problem
because flat reefs are less able to protect the
islands from erosion. Because it is brittle, it
breaks easily in big waves. These broken pieces
may grow into new colonies, making it spread
faster. Montipora also does not provide great
habitat diversity for fish and other animals that
live in the reef.
Genetic testing has shown that this type of
coral is an unidentified species of the genus
Montipora. This particular species may be from The reef in front of the men’s house at Falalop, Ulithi is
almost entirely dominated by Montipora.
the outer islands and was not necessarily
brought here by other people. It is not known exactly where it comes from. It is possible that the
Montipora thrives in the warmer and more acidic climate created by a warming ocean. When other corals
are unhealthy, they are less likely to be able to compete with the Montipora. This could create an ideal
situation for the Montipora, which is then able to thrive and grow unchecked.

EROSION
Erosion is a threat to all of the communities of the
outer islands. With sea levels continuing to rise, and
large storms becoming more frequent, it is especially
important that action be taken to protect the islands.
When coral reefs lose their structure (rugosity) and
become flat (see page 6), they are less able to protect
the island from incoming swells because they can’t act
as a buffer. Healthy reefs are more likely to keep the
structure that can protect islands.
Erosion can add more stress to the coral reef.
Sedimentation, or the process of dirt from erosion
The ocean side of Asor has experienced much coastal
being washed onto the corals, can keep light from
erosion due to high wave activity
reaching the zooxanthellae (the algae that lives inside
of corals), stopping them from photosynthesizing. The dirt can also suffocate the corals. In all of these
cases, sedimentation could cause the coral to stop growing or die. Also, trees that are washed into the
water due to erosion can cause significant physical damage to the coral.

POTENTIAL SOLUTIONS: MANAGING THE EFFECTS OF A CHANGING CLIMATE
We are unable to control the changing climate (and the lifestyles of the people of the outer islands do not
contribute to climate change), but reducing other sources of stress on the reef could help it to become
more resilient (better able to recover).
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MONTIPORA
It is not a good idea to break the Montipora (cabbage coral), either with boats or in an attempt to remove
it, because this may cause it to spread.

EROSION
•
•

Managing coral reefs so they keep their complex structure can slow waves and help reduce erosion.
Revegetation (planting trees or shrubs) in coastal areas that are at risk of erosion may help to hold
soil in place so that it is less likely to wash away.

6. THREAT: PLASTIC POLLUTION
Plastic pollution is a serious threat to marine habitats.
It is common to see plastic waste from other places
washing up on the beaches of the outer islands. Plastic
is a form of marine pollution that is particularly
harmful. Once plastic enters the ocean, unless it
washes up on a beach or is picked up by humans, it will
stay there forever. The plastic breaks down into very
small pieces, sometimes too small to be seen by the
human eye. Once this happens, it is very difficult to
remove.
Larger pieces of plastic, such as discarded fishing nets
or lines, can physically damage coral reefs. In addition,
a recent study has shown that plastic pollution greatly
increases the amount of disease in corals, another
important stressor on the reef.

Plastic on the beaches of Sorol washes up from far
away.

Pieces of plastic can also cause problems when turtles,
fish and other marine animals eat them. The bodies of
animals are unable to digest plastic, and it can get stuck in
their digestive system, making them feel full and keeping
them from eating. Unfortunately, some animals that
consume plastic waste die from starvation. Harmful
chemicals also attach to plastic pieces, making the plastic
itself poisonous.

POTENTIAL SOLUTIONS: “REDUCE, REUSE, RECYCLE”
REDUCE
Using less plastic means less plastic waste to deal with.
The communities might consider discussing how to use
Plastic is causing more disease in corals
less “single use plastic” – plastic that is used once and
then thrown away. For example, water bottles, single-serve coffee packets, plastic wrapped candy.
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REUSE
The next best option to reducing plastic use is to reuse materials to make
things. For example, some communities are making reusable cups from
plastic bottles, baskets from single-serve coffee packaging, and leis from
cut up flip-flops. These are all creative ways to reduce waste in a way that
is useful for everyone!

RECYCLE
Recycling is the next option. Removing plastic from the islands is
important. Understandably, recycling plastic materials can be difficult for
a remote community such as those found in many outer islands.

PLASTIC TO FUEL

On Falalop, Ulithi people are
recycling old flip-flops by
making them into leis.

Machines that convert
plastic to fuels like diesel and gasoline are another
promising possibility. This technology is becoming more
available.

COMMUNITY CLEANUPS
Community cleanups of public spaces and beaches can
help to remove (and keep) plastic from the ocean.
Communities on Eauripik are saving plastic
bottles to be recycled. Using fewer plastic
bottles may be another option.
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7. THREAT: COMMERCIAL FISHERIES
SEA CUCUMBER FISHERY
The Importance of Sea Cucumbers
Sea cucumbers play a very important role in keeping the reef healthy.
1. They are deposit feeders on sandy bottoms, reefs and seagrass beds, ‘cleaning’ the sand, seagrass
and reef surface of microalgae, bacteria and decomposing matter. Without them, the sea floor
quickly becomes dirty and unlivable.
2. By swallowing sand, taking out the “food” in it and then excreting it, they also add oxygen to the
sandy bottom, which makes it a better place for animals that live under the sand (infauna).
3. Ocean acidity is increasing with climate change. This is bad for coral reefs as the acidity dissolves the
coral rock. Sea cucumber feces can lower the acidity of the seawater around them, which helps
protect the structure of the reefs.
4. Sea cucumbers are food for many predator species, including fishes that are food for people. As
scavengers, they recycle the nutrients in the ecosystem. So without sea cucumbers, we might have
fewer fish to eat

The Market for Sea Cucumbers
There is a large market in some Asian countries for dried sea cucumbers (called “bêche de mer”), and
there has been interest from business people in buying sea cucumbers from the Yap outer islands. The
price of sea cucumbers varies a great deal depending on the kind and size of sea cucumber, and
middlemen who buy sea cucumbers from fishers pay only a small percentage of the final market price.

Fisheries Collapses
Many sea cucumber fisheries around the world have collapsed because of overfishing. Many sea
cucumbers reproduce slowly, and when too many are fished, individuals are too far away from each other
to reproduce. They are broadcast spawners meaning they release eggs and sperm into the water, and if
individuals are too far away from each other, the eggs and sperm are unlikely to meet. Places that have
overfished their sea cucumbers have found it difficult to recover their sea cucumber populations.
Removing sea cucumbers from the oceans can lead to unhealthy reefs and seagrass beds, which means
less fish for people to eat.
See article from The Kaselehlie Press for more information.
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LIVE FISH FISHERY
The “live fish fishery”, as its name suggests, means fishing live fish for people to eat. The market for this
fishery is centered on Hong Kong, and the fish are sold across much of southeast Asia. Large fish like grouper
(layurebong, halie, tai’auw) are some of the most popular species.

Overfishing
The map below shows how the
location of the fishery expanded from
the 1970s to the 1990s. This shows
the problem of overfishing with this
market – as too many fish were taken
from the area closest to Hong Kong,
the market had to go further and
further to harvest these fish. Since the
sellers of these fish can move to new
areas once they have taken all the fish
from a particular area, it is not
important to them to fish sustainably.

Cyanide

The live fish fishermen have had to go further and further for their
catch as areas closer to Hong Kong are overfished.
Source: The Fish Project

Another problem with this fishery is
the fishing methods that are used. The most common method is to use cyanide to half paralyze the fish
so they can be taken live from the water. The problem is that the cyanide kills both the coral and other
species of fish that are not wanted for the fishery.

Live fish fisheries mean less fish for the community , not only because they take species like grouper, but
because the fishing methods kill other fish and coral, making the reef less healthy.

8. THREAT: CROWN-OF-THORNS OUTBREAKS
Crown-of-thorns are a type of venomous sea star that live on
the reefs and eat live coral. They are a natural part of the
ecosystem in Micronesia. They can be damaging to the reef
ecosystem if they occur in large numbers (known as
outbreaks), but this has not been observed in Ulithi recently.
However, in other places, outbreaks have been associated
with poor management and overfishing of their natural
predators, including humphead wrasse (pross/mam), titan
triggerfish (lulu), and triton snails.

A crown-of-thorns sea star

Pross/mam, Lulu and triton snails all eat crown-of-thorns sea stars
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POTENTIAL SOLUTIONS: CROWN-OF-THORNS OUTBREAKS
Understandably, the possibility of an outbreak in the future is a concern among communities in the outer
islands. Good management and keeping reefs healthy is an important way to prevent these outbreaks.
For example not overfishing their predators.
Some community members may wish to kill crown-of-thorns when they are found on the reef. If this is
done it is very important that they are not killed while still on the reef. Stabbing them or otherwise
injuring them can cause them to reproduce, making the outbreak worse. Instead, it is better to remove
the crown-of-thorns from the water (bring them onto the shore), being very careful not to touch their
poisonous spines. There, they can be buried away from the ocean, or dried in the sun and then burned.

9. THREAT: CORALLIMORPHS (“POISONOUS REEF”)
In the water offshore of Mogmog, Ulithi, and off
Piig, Faraulep there are reefs that are known to be
poisonous. Genetic testing showed that the
organisms living on this reef are an undescribed
species of corallimorph (an animal that is closely
related to coral but has no hard parts). This same
species has also been found offshore in Okinawa,
Japan. It is unclear where it grew first.
Corallimorphs are very poisonous, and can pass that
poison to the animals that feed on them. In a
process called biomagnification, this poison can get
passed from animal to animal and the toxin
becomes more concentrated (is stored in larger
The corallimorphs at Mog Mog, Ulithi
amounts) at each step up the food chain. For this
reason, people should be cautious about fishing near corallimorphs.

POTENTIAL SOLUTIONS: CORALLIMORPHS
It is important to monitor the size of the corallimorph reefs. Local science teams in Ulithi have begun to
monitor the growth of the Montipora and the corallimorphs.
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SECTION IV: MONITORING FOR REEF AND FISHERIES HEALTH
In the outer islands, some communities have started their own fisheries monitoring programs already.
This is a great way for communities to keep an eye on their reefs and fishing, and to help verify if
management is working. The Reef and Fisheries Monitoring Handbook explains the monitoring that
communities are doing in more detail.

REEF MONITORING
Reef monitoring means using a standard
method to observe changes to the reef over
time, such as changes in the numbers and
types of fish present, changes in the growth of
the coral, changes in numbers of sea
cucumbers, or other changes.
Because the reef is too big for us to observe
everything at all times, sampling must be used.
This means that parts of the reef are observed,
instead of the whole reef. For example, on
Ulithi Atoll, some sampling is done using a
small white square that is about a half a meter
This image shows a quadrat laid over a sample of the
long on each side, called a quadrat. The
coral reef.
quadrat is placed along a measuring tape, and
everything living inside that square is counted, then the quadrat is moved a set distance along the tape,
for example 5 meters, for the next count. If enough of those quadrats are sampled (for example, ten or
more), then the information from looking at them can help to tell the story of what is happening on the
whole reef.

WHY IS REEF MONITORING HELPFUL?
Monitoring helps you tell if your management efforts are working! For example, if there are certain
fishing regulations on a section of reef, monitoring can help you tell if there are more fish than before the
regulations started. Monitoring also helps you to decide where things could be improved or changed, and
to decide what areas need the most management.

MONITORING FISH CATCH
Monitoring can also help track changes in the fish catch over time. Many communities in the outer islands
have begun to monitor their fish catches. Local scientists write down the number of fish that are caught,
the species of fish, where they are caught, whether they are male or female, and whether they are
sexually mature.
This information is very important because it allows the communities to determine which fish populations
are being put under the most pressure. If all the fish being caught are juveniles, then the population of
that fish may be in trouble. This can help in deciding what kind of management is needed.
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This information also gives the local scientists the ability to tell when fish are spawning (producing eggs or
sperm). Communities are then able to make knowledgeable decisions about whether they should stop
fishing a certain species during the time they spawn in order to give them the chance to reproduce.

SOME IMPORTANT REEF FISH FAMILIES

Parrotfish

Surgeonfish and Tang

Snapper

mow, mpel

felang, mor’lage, mwo’rr, golach

letedfach, methacha, tat

Rabbitfish

Grouper

Emperor

le'g, harmie

layurebong, halie, tai’auw

nguru, rogrog, hatheg, sargorpi

*Illustrations courtesy of Fishbase.org
See the Fish Life History pages for more information about the different fish, and things to consider in
fisheries and reef management planning.
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TELLING THE DIFFERENCE BETWEEN MALE AND FEMALE, MATURE AND IMMATURE FISH
Some fishermen and women in the outer islands have learned how to determine whether the fish they
catch are male or female, and whether they are getting ready to spawn (reproduce). This data allows
the communities to make decisions on how to best manage fish populations.
When fish are sliced open at the belly to be cleaned and the intestines are moved to the side, the
reproductive organs are visible. The reproductive organs always come in pairs. In males, the two
testes are long with triangular edges. Mature testes have a milky-cream color, which means they are
full of sperm. Males that have just spawned will have testes that look deflated, smaller, and
underdeveloped, and may be more reddish in color. Immature testes are long, very thin, and almost
transparent.

Left: the arrow is pointing to the testes in the male fish (top), and the ovaries of the female fish (bottom),
which are just beginning to form small orange eggs.
Right: this female has eggs. Many eggs will be orange or reddish.

In females, the paired ovaries usually have a smooth texture. They are long like testes, but more
rounded. Their color varies from pink to red to yellow or orange, depending on how mature they are.
An immature fish will have pinker and smaller ovaries. If a mature female fish is getting ready to
spawn, you might see small round eggs inside of the ovaries (they are usually yellow to orange in
color).
If the fish is small and the reproductive organs are difficult to determine, it is almost certainly a
juvenile and therefore sexually immature.
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SECTION V: MARINE MANAGEMENT PLANNING
This booklet was designed to be a tool for the Micronesian outer island communities. We hope it will give
the community members information that will help them make informed decisions about how to manage
fish, enhance reef resources, and learn more about their reefs. We hope that it can also be used in the
schools, and to connect youth to the reefs and to thinking about reef management.
The outer islands are a special place for many reasons, not the least of which is the people’s active
passion for taking care of the islands and their reefs. By preserving the traditional knowledge that
protects coral reefs, we believe that the communities have the power to make the reefs healthy again. It
is an important time to revive traditional fisheries management. If steps are taken soon, we believe that
the health of the reefs and the fisheries will improve.
We have observed that it is helpful for management plans to be developed and implemented within the
community’s system of traditional management and leadership. Our approach has been that the
communities do the planning and decision-making, with the One People One Reef science team available
to give information and advice as needed. The Best Practices document has more detail on management
planning.
While the present state of the reefs is not excellent, they are reasonably healthy and show signs of being
able to recover. We strongly believe that an emphasis on traditional approaches to management
is the key to success .

IMPORTANT THINGS TO CONSIDER WHILE DISCUSSING A PLAN
1. A management plan needs to have wide support and compliance from the community, as well as
from visitors who are living in or visiting the community. Unity among the communities in
decision-making is important. This will increase the chances of success.
2. An initial plan may involve several different strategies. Some of these may not work well or will
not work within a short time period. The community should consider that it will likely take time
for these strategies to have an impact on fish catch. It is likely that the communities will need to
alter these strategies as they learn what works and what doesn’t.
3. Developing a management plan is an important opportunity to revive some traditional
management techniques that were probably effective in the past.
4. The information being collected by local scientists is extremely important. The data they collect
can provide information about what kind and how many fish are caught, where they are caught, if
they are male or female, and the fishing methods used. This information can give us a clearer
picture of fishing pressure around the islands, which can help management planning. The more
information, the better! The science team can then help with specific strategies and
recommendations. One People One Reef will always share the information and knowledge we
collect from the outer islands with the local communities.
5. Plans like the ones being developed by communities in Ulithi have been successful in other places.
We believe that if a plan is established and enforced, it has a good chance of working. The
community should understand that the results will not be immediate, and patience is required for
the fish populations to recover and for the reefs to get healthier.
6. We suggest that the communities discuss the ideas mentioned throughout this handbook, in the
Best Practices document, as well as discussing existing management, and practices no longer
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used. Communities can then choose the practices they believe will work the best, while still
allowing access to resources in the short term.

EXAMPLES OF EARLY MANAGEMENT SUCCESSES ON THE OUTER ISLANDS
•

•

•
•

In Ulithi (Falalop), we saw a big increase in herbivorous fishes (algae-eating fish) in just one year after
a section of reef was ‘closed’. This reef has continued to have more fish, and each year when it is
opened to community fishing, they fish for less and less time because there are more fish. Closing the
reef also increased the size of fish (it provided time for them to mature before being caught).
Management that protects aggregators like grouper (layurebong, halie, tai’auw, and bele), emperors
(nguru, hatheg) and snapper (metacha, letedfach) during the 2-4 weeks when they are spawning
(mating) has been very effective.
On Mog Mog (Ulithi) it appears that banning throw nets has increased the numbers of convict tang
holach, which are important to reef health because they eat algae.
On some of the western facing reefs of Ulithi we have seen that closing reefs farther from villages has
resulted in higher biomass (amount) of fish.

CONCLUSION
It is an important time for communities to develop strong management plans, both for each individual
island and their fishing jurisdictions as well as collaborative plans for the Atolls. We recognize the
willingness of the communities to take steps towards protecting resources for future generations and
want to offer whatever assistance we can going forward.
Hasa hachigchig!
Hofagie Laamle!
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HOW TO CONTACT US
We want to thank all of the communities of the outer islands for welcoming us. The valuable information
that was provided about the reefs helped us to understand the challenges facing them. We hope that
sharing what we learned with you will support your efforts.
We welcome feedback on the contents of this booklet and hope to hear from you about what you think!
If you have any questions or comments and would like to contact us, please e-mail or write to:
Nicole Crane
Senior Conservation Scientist
Program Co-Lead
One People One Reef
Cabrillo College
Department of Biology
6500 Soquel Dr.
Aptos, CA 95003

nicrane@cabrillo.edu
Jon Jr. Rulmal
Ulithi Falalop Community Action Program (UFCAP)
Program Co-Lead
One People One Reef

jrulmal@gmail.com
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GLOSSARY
Acropora – a genus of corals that is particularly important for reef building and complexity.
Aggregating spawner – fish that come together in big groups to spawn (mate) during certain times of the
year (often summer).
Algae – plant-like organisms that use the sun’s energy to make food in a process called photosynthesis.
Atoll – a circular coral reef (or coral islands) that forms a ring around a deep lagoon.
Barrier reef - a coral reef running parallel to the shore but separated from it by a channel of deep water.
Biomagnification – the buildup of toxins in an organism as a result of its eating other plants or animals in
which the toxins are found in smaller amounts.
Biomass - the total mass (weight) of organisms (animals, plants or other life forms) in a given area.
Carnivore – an animal that eats only other animals.
Colony (of coral) – a single structure that is made up of coral animals and the shells inside of them.
Multiple coral colonies together make the structure known as a coral reef.
Coral (polyp)– tiny animals, each of which has a hard shell inside of it, that live in colonies.
Coral bleaching – the process in which stress causes algae (zooxanthellae) living within the coral animal to
leave and the coral to turn white. If the algae do not return, the coral will die.
Coral recruit – a juvenile coral (or coral larvae) that has settled somewhere on the reef bottom and will
eventually grow into a new coral colony.
Corallimorph – an animal that is closely related to coral but has no hard parts. It looks similar, but bigger.
It is in the phylum Cnidaria, in the class Anthozoa (the same as hard corals). Sometimes they are
poisonous.
Coralline algae – a hard algae that is usually pink or red in appearance. It helps to cement coral colonies
together, and also provides an important place for coral larvae to recruit (begin a new colony).
Corallivore – an animal that only feeds on coral.
Deposit feeder – an animal that feeds on small specks of dead organisms (animals, algae, bacteria) that
have drifted down through the water and settled on the bottom.
Diversity – the quality of having a lot of variety. On coral reefs, diversity means there are many different
species of fish, corals and other invertebrates.
Ecosystem – a community made up of living things and nonliving parts such as water, air and sand or soil.
The coral reef is an ecosystem, where all the parts are connected.
Erosion – the process in which rain, wind, and waves gradually remove dirt and sand from the island.
Eutrophication – pollution caused by nutrients, such as those found in human and animal waste, that can
contribute to the growth of algae and is harmful to coral reefs.
Fish Aggregating Devices (FADs) – man-made structures that were traditionally made out of coconut
husks and palm leaves and secured in deep waters to create shade and attract pelagic (open-ocean) fish.
Food Chain – a series of organisms that is each dependent on the next as a source of food.
Fringing Reef – a type of reef that is found close to shore.
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Genus (plural genera) – a category used by scientists to classify groups of living things. Closely related
species are grouped into a genus, and closely related genera into families. For example, there are about
20 different species of unicornfishes, (like palangod and malangow). They are grouped in the genus called
Naso, which is in the family called Acanthuridae. The Acanthuridae family also includes the surgeonfishes
(like felang and morfach).
Habitat - the natural home or environment of an animal, plant, or other organism (living thing).
Herbivore – an animal that feeds only on plants or algae.
Invertebrate – an animal that doesn’t have a backbone. Common coral reef invertebrates include
octopus, crabs, clams and shrimp. Fish and turtles are vertebrates (they have a backbone).
Juvenile – a young animal, not yet able to reproduce.
Lagoon – a body of water that is separated from the open sea by coral reefs or barrier islands.
Larva - an immature form of an animal that is very different from the adult form, the stage between the
egg and the adult. For example a caterpillar is the larval form of a butterfly.
Macroalgae – leafy algae that, in large numbers, can be harmful to corals, because they compete with the
algae that live inside corals for sunlight. All algae need the energy from sunlight to photosynthesize.
Monitoring – using a standard method to observe changes to the reef or in the fish catch over time.
Montipora – this is the name of the genus of the cabbage coral growing around the inhabited islands of
Ulithi.
Morphology – the form (or shape and size) of something.
Mutualism – a kind of symbiosis (symbiosis means two different organisms living together) where both
organisms benefit.
Nutrients - something used by an organism to survive, grow, and reproduce.
Ocean acidification – an ongoing increase in the acidity of the world’s oceans, caused by increased carbon
dioxide in the atmosphere. This is bad for coral reefs as the acidity dissolves the coral rock.
Omnivore – an organism that feeds on both plants and animals.
Organism – an animal, plant or single-celled life form.
Outbreak (crown-of-thorns) – when crown-of-thorns sea stars reproduce rapidly, leading to high
numbers. Because crown-of-thorns eat live corals, this can be harmful to the reef.
Pass – an area of deeper water in between coral islands that is deep enough for a boat to go through.
Patch Reef – isolated groups of corals that are found in lagoons, offshore of barrier reefs, or in shallow
atolls.
Pelagic – relating to or living in the sea far from shore.
Photosynthesis – the process by which plants and other organisms, such as algae, use sunlight to make
food from carbon dioxide and water.
Pollution – the introduction of harmful substances or products into the environment.
Polyp – name for a single coral animal that has a body shaped like a column, with its mouth facing
upwards and surrounded by tentacles.
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Quadrat – a white plastic square that is used as a monitoring tool. A series of squares (quadrats) of a set
size are placed in a the habitat of interest and the species within those quadrats are identified and
recorded (for example coral or algae).
Reef complexity – variety in the shape of the reef. Coral reefs with high reef complexity have more
diverse habitats for fish and may be more effective at preventing erosion.
Reef crest – the highest point of a coral reef.
Resilience – the ability of something to recover quickly from difficulties or challenges.
Revegetation – the process of replanting and rebuilding the soil of disturbed land.
Rugosity – the measure of reef complexity, or surface roughness.
Sampling – when parts of a whole (or samples) are observed, instead of the whole thing. If enough
samples are collected, the information given from looking at them can help to tell the story of the whole
thing.
Sedimentation – the process in which material (such as sand or soil) is carried to the bottom of a body of
water and forms a layer over it.
Sequential hermaphrodite – an organism that is born as one sex but later changes into the opposite sex.
Spawning – the release of eggs and sperm for sexual reproduction.
Species - a category used by scientists to classify groups of living things. A species is a group of organisms
that have many characteristics in common, for example green turtle (Chelonia mydas). Chelonia is the
name of the genus, and Chelonia mydas is the species name. Organisms that reproduce sexually and
belong to the same species interbreed and produce fertile offspring.
Sustainably – doing something at a level that can be kept steady without running out of natural resources
or causing serious damage to an ecosystem.
Symbiosis – when two different organisms live closely together
Turf algae – small algae that grow very close to the bottom. Turf algae, if not eaten by herbivorous fish,
may grow into macroalgae, which is harmful to the reef in large quantities.
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