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In 2011, while a student at Cabrillo College, I became involved in a project to assist
communities in the Ulithi Atoll, Yap State, Federated States of Micronesia in finding ways to
protect their marine resources. The communities were concerned that their reefs appeared to be
in declining health, and they reached out to Nicole Crane, a head research scientist at the Oceanic
Society and professor at Cabrillo College, for assistance.
I accompanied a team of scientists, including Giacomo Bernardi from the University of
California Santa Cruz, to the Ulithi Atoll in 2012 and 2013, and will return in 2015. While there,
I provided support to the science team by participating in surveys of the reefs, conducting
interviews, and attending and participating in meetings with the communities. During these
meetings, the science team presented the data they collected, answered questions, and
participated in brainstorming sessions as to what could be done to protect the reefs in the future.
However, in some cases, we noticed that the information was not well understood, and since not
all community members were able to participate in the meetings, information was being
confused as it was conveyed to other members of the community.
I have attempted to tackle this problem with my senior thesis. Most Ulithians are fluent in
English (all classes in school after elementary are taught in English), and high school students
are taught science lessons based on the curriculum used in the United States. Science classes in
Ulithi do not, however, cover coral reef ecology, which is integral to communities who depend
on coral reefs for their survival. With the assistance of Giacomo Bernardi, Nicole Crane, and the
rest of the science team, I wrote an educational booklet (attached) that introduces coral reef
ecology and how it specifically relates to some of the challenges that are facing Ulithi
communities.
One of the goals of the science team is to help Ulithians learn to monitor the health of the
reefs independently, and be able to interpret the results themselves, so that they can make the
best decisions for their communities. To help reach this goal, I worked with a small group of
community monitors to train them in the survey methods used by the scientists. I also wrote a
booklet (attached) that described these methods in detail, along with descriptions of why these
methods are done and what they tell us about what is happening on the reefs.
Both of these booklets were shipped to Ulithi and are being distributed throughout the
communities. I aim to meet with community members and teachers when I return in 2015 to
discuss if the booklets have been useful, how they might be improved, and potential ways to use
these booklets in the high school curriculum. My hope is that the work I did on my senior thesis
to create both booklets (the educational booklet and the monitoring handbook) will help Ulithi
communities gain a more nuanced understanding of the coral reefs they depend on. This
information, when combined with the intimate islander knowledge that has protected these reefs
for centuries, will provide a more thorough understanding of reef ecology. I hope that this will
help Ulithi communities to make informed decisions about coral reef management, particularly
in the face of anthropogenic threats like climate change and rising sea levels.
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INTRODUCTION
This booklet has been put together by a diverse group of scientists and students who have
been working together with the communities of the Ulithi Atoll to find ways to better
manage fish and enhance reef resources on the atoll. It was designed as a resource for the
communities of Ulithi and the outer islands. Some of the information is general information
about coral reefs, while other information is specific to the reefs of the outer islands.

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 water and limited nutrient inputs and other pollution. For
this reason, Micronesia is special because it has so many. In the Outer Islands, healthy coral
reefs are responsible for protecting islands from erosion and providing habitat for
important food fish. Communities in the Outer Islands have been effectively managing their
coral reefs for a very long time. Some loss of traditional knowledge, combined with
overfishing, global climate change and other threats, have created a need for improved
management. But the good news is that the reefs are generally ‘healthy’!
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What Are Coral Reefs?
Coral reefs are alive! They are made up of thousands of tiny animals, each of which has a
hard shell inside of it. Tiny coral animals reproduce by dividing and forming identical
copies of themselves, known as colonies, causing the reefs to grow. Corals can also
reproduce sexually, but this is a slower process. Coralline algae help cement these
colonies together into hard structures that help to make the coral reef. Coralline algae are
also important because they provide space for coral larvae (juvenile corals) to settle and
grow. In fact, coral larvae actively prefer to recruit on coralline algae. This is one of the
reasons why we look for coralline algae when we monitor the reef.
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 coral animals need sunlight. They need
sunlight because they have tiny single-celled
organisms called zooxanthellae (zo*zan*thel*ee)
(organisms that use the sun to make energy in a

This photograph, taken at Yealil in 2013, shows
a coral reef composed of many coral colonies.

process called photosynthesis)
living inside of them.

These algae give some of their energy to the coral animals, helping the corals grow. This
makes coral animals kind of like plants. If the coral animal gets stressed or the water is not
clear or conditions are bad, then their algal friends leave, and this process is known as
coral bleaching (the corals turn white). If the algae don’t come back soon, the corals will
die.
Corals also 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 groups is important to understanding how
coral reefs work, and understanding sustainable fishing. For example, if too many
herbivorous fish are caught (remember, these eat algae), algae can overgrow the corals,
blocking out sunlight and taking up space. This will cause damage to the coral reef.

Corals are living animals that can take hundreds of years to grow. 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. Healthy reefs
mean healthy people. The future of the islands is fundamentally linked to the future of the
coral reefs.
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Types of Coral Reefs and Coastal Ecosystems
Each of Yap’s Outer Islands is different. It makes sense that the reefs found at each island
would be different, too. Here are some of the most common types of reefs and coastal
environments found in the Outer Islands:

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 are islands that have fringing reefs. Often at low tide, parts of a fringing
reef will be exposed.

Patch reefs are isolated 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 provide important
habitat for many juvenile fish species.
They are also important feeding grounds
for a number of larger fish. In some atolls,
such as Ulithi, there are no seagrass beds.
In others, seagrasses are still plentiful.
Figure 1: A seagrass bed near Woleai.

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. Corals grow around the island when it is
young, forming a fringing reef. As the island sinks, the corals
continue to grow. 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 will form on the ring, such as 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.

Many factors that 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
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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.
The Value of Coral Reefs

Coral reefs are important to the
livelihoods of people for many
reasons. First, they provide important
habitat for many of the fish 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 breed, and food for them to
eat. Healthy reefs are often composed
of a variety of different corals with
numerous 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 present.
Figure 2: Erosion in Eauripik

Coral reefs also serve to 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 Figure 3: The reef in front of Asor has relatively low rugosity.
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 the beaches of
the islands. 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.

6

Monitoring for Reef Health
Monitoring means using a standard method to observe changes to the reef or in the fish
catch over time. Those changes can be changes in the numbers and types of fish, changes in
the growth of the coral, changes in sea cucumbers, or other changes. For example, if there
are certain fishing regulations on a section of reef, monitoring can help you tell if there are
more fish there. In other words, you can tell if your efforts are working! Monitoring also
helps you to decide where things could be improved or changed, and to decide what areas
need the most management.
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 of the methods include using a small white square that is about a half a
meter long on each side, called a quadrat. If enough of those quadrats are used (for
example, 10 or more), then the information from looking at them can help to tell the story
of what is happening on the whole reef.
In Ulithi, some communities have started their own monitoring programs already. This is a
great way for communities to keep an eye on their reefs, and to help verify if management
is working. The monitoring handbook explains the monitoring that communities are doing
in more detail.

Figure 4: This image shows a quadrat laid over a sample of the coral reef.
The pink patches are coralline algae
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THREATS TO CORAL REEFS AND COMMUNITIES IN THE OUTER ISLANDS
The Outer Islands have beautiful, healthy coral reefs with lots of fish diversity and coral
species. However, because fishing is very important to feeding the communities, the reefs
surrounding many inhabited islands (on the Ulithi Atoll) are under more 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 Ulithi’s islands supported
larger communities with 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?
Broken/degraded corals

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 activity. Because corals grow so slowly, this
may have led to degraded reefs, which were slow to recover.

Figure 5: During WWII, the Ulithi Atoll was filled with ships.

These damages likely made the reefs less resilient, or
less able to recover from other stresses (such as
overfishing). Breaking the corals by standing on them,
kicking them, dropping anchors on them, or carving in
them may seem harmless by comparison, but in an
already stressed reef, this can also reduce the
resilience of the coral. Some corals, such as Acropora

(pictured), are sometimes broken and used to make
lime for beetle-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.
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Figure 6: Acropora are important reefbuilding corals.

Loss of Traditional Methods
World War II brought other changes, some of which led to the loss of traditional practices.
In the old days, sailing canoes (wal faluch) were used to access distant fishing sites. Fishing
was done using nets or hook-and-line. Artificial 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). Some
species, such as Rabbitfish (leg and harmie), were only eaten seasonally. Many areas were
closed to fishing during certain times of the year, some for protection and others because of
difficulty getting to them during the stormy seasons. Other areas were only opened for
special occasions. This is only a few of the types of management techniques that were (and
are) used.

Figure 7: A canoe in Ifaluk.

After World War II, some of these traditional practices were lost, or not used as much. The
introduction of motorboats meant areas that people could previously not get to because of
wind patterns were suddenly within reach all year-round. With rising fuel costs,
motorboats were used to fish areas close to the islands too often. Motorboats also led to a
decrease in canoe use. On some islands, canoes are no longer used at all. Refrigerators and
freezers meant that large numbers of fish could be removed from the reef at a time and
preserved. This led to more fish than are needed being taken from the reef, which can cause
fish populations to decline. Refrigeration and access to ships for transportation also
introduced the new possibility of the exportation of fish (sending fish out of the islands).
Spearfishing and throw-nets were introduced. These new fishing methods also changed the
ways the reefs of the outer islands were managed. They made things easier in a lot of ways.
However, by potentially 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.

9

Overfishing
In Ulithi, and many other islands, certain groups of fish are being targeted as food more
frequently than others. Unfortunately, many of these important food fish are also very
important for the health of the reefs. Taking too many of these species can lead to
problems. 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. Also, some of these fish turn from male to female when
they grow large. In many grouper, the large (older) ones are female, and the smaller ones
are male. Fish that change from one sex to the other are called sequential
hermaphrodites. When the big fish are all female and they are targeted, reproduction
becomes limited.

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. 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 offspring 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 offspring. They also don’t eat as much algae, which can harm the reef.
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 keep algae from overgrowing. Coral and algae are in constant competition for
sunlight and space on the reefs. 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 can grow into its full leafy form. When
large numbers of important herbivorous fish species are removed, macroalgae is able to
grow unchecked, and can then kill or damage corals.
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Figure 8: This catch consists of mostly herbivorous (algae-eating) reef fish.

Many communities in Ulithi have begun to monitor their fish catches. Data recorders write
down the number of fish that are caught, the species of fish, where they are caught,
whether they are male and 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. This can help them to decide what kind of
management is needed. For example, if all of the grouper that are being caught are male,
knowing that grouper are hermaphroditic and change sex from male to female later in
their life allows the data recorders to determine that the grouper being caught must be
juveniles. This information also gives the data recorders 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 opportunity to reproduce.
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Some Important Reef Fish Families

Parrotfish
mow, mpel

Surgeonfish and Tang
felang, mor’lage, mwo’rr, golach

Rabbitfish
Grouper
le'g, harmie
layurebong, halie, tai’auw
*Illustrations courtesy of Fishbase.org
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Telling the difference between male and female, mature and immature fish
Some fishermen and women in Ulithi have learned how to determine whether the fish they
catch are male or female, and whether they are getting ready to spawn. 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, their 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 is with eggs. Many eggs will be orange or reddish.

In females, the paired ovaries usually have a smooth texture. They are also long in shape,
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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Changing Climate
The reefs in Ulithi and other islands show signs of being stressed by a changing climate.
Climate change is causing the ocean to become warmer and more acidic (a process known
as ocean acidification), and the sea level is rising. Changing factors in the ocean can lead
to changes in the species of fish, corals, and other animals that live in certain areas. In the
case of Ulithi, this changing ocean chemistry, in addition to the strain of overfishing and
pollution, has stressed the coral reefs. This stress has probably led to a change in the coral
species that live in the Ulithi Atoll. We are unable to control the changing climate (and the
lifestyles of the people of Ulithi 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).
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. Genetic testing has shown that
this type of coral is an unidentified
species of the genus Montipora. This
particular species may be from Ulithi
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
The reef in front of the men’s house at Falalop is almost
to compete with the Montipora. This
entirely dominated by Montipora.
could create an ideal situation for the
Montipora, which is then able to thrive
and grow unchecked.

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 coral, making it spread
faster. This is another reason why it is not a good idea to break this coral, either with boats
or in an attempt to remove it. Montipora also does not provide great habitat diversity for
fish and other animals that live in the reef.
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Corallimorphs (Poisonous Reef)
In the water offshore of Mogmog, there is a reef that is 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 stronger levels) at each step
up in the food chain. For this reason, it can be dangerous for people to feed on fish or other
animals that live near the corallimorphs. Corallimorphs can grow very quickly. It is
therefore important to monitor them and watch the size of the poisonous reef.

Local science teams in Ulithi have begun to monitor the growth of the Montipora and the
corallimorphs. Additionally, we are trying to help the community find ways they can kill the
corallimorphs if they should begin to spread.

Figure 9: The corallimorphs at Mog Mog.
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Erosion
Erosion is a threat to all of the communities of the Outer Islands. With sea levels
continuing to rise, it is especially important that action be taken to protect the islands.
When coral reefs lose their structure 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 being washed onto the corals, can keep light from reaching the zooxanthellae (the
algae that lives inside of corals), preventing them from photosynthesizing. Silt 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.
Revegetation (planting trees or shrubs) in coastal areas that are at risk of erosion could
possibly help to hold soil in place so that it is less likely to wash away. Plants with shallow
roots (such as coconut palm trees) are not good candidates for revegetation. Instead, when
selecting what type of plants to use, look for local specimens with long roots that penetrate
deep into the soil.

Figure 10: The ocean side of Asor has experienced much
coastal erosion due to high wave activity.
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Pollution
Many habitats, but particularly marine habitats, are degraded by pollution. Toxic
substances and waste released by human activities have negative effects on the behavior,
reproduction, and development of marine animals, including fish, birds, sea turtles, and
coral.

On many islands, it is common to see plastic waste from other places washing up on the
beaches. 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 pick up. Although these
pieces are very tiny, they are still harmful because fish and other marine animals eat them.
The bodies of animals are unable to
process plastic, so it gets stuck in their
digestive system, making them feel full
and keeping them from eating.
Unfortunately, most animals that
consume plastic waste die from
starvation. Harmful chemicals also attach
to plastic pieces, making the plastic itself
poisonous. Larger pieces of plastic, such
as discarded fishing nets or lines, are also
dangerous because they can cause
animals to become entangled. The plastic
found on the beaches of these islands is
Figure 11: Plastic on the beaches of Sorol washes up from
far away.
carried there on ocean currents from
places very far away.

Figure 12: Communities on Eaurapik are saving
plastic bottles to be recycled.

Getting rid of plastic on the islands is
important. Understandably, recycling plastic
materials can be inconvenient for a remote
community such as those found in many outer
islands. However, the recycling plant in Yap
pays a small fee for some recycled materials,
such as plastic bottles and aluminum cans! This
could help to offset the cost of shipping the
items back to Yap on the supply ship.
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Another way to recycle is to use materials to make things. For example, the plastic from
bottles can be used to make reusable cups; unused cigarette filters are being used to
decorate leis; single-serve coffee filters are used to make baskets; and flip-flops are cut up
and combined with shells and organic materials to make leis. These are all creative ways to
reduce waste in a way that is useful for everyone!
Additionally, conducting community cleanups of public spaces and the beaches can help to
remove (and keep) plastic from the marine environment.

Figure 13: In Falalop, people are recycling old flip-flops by making them into leis.

Eutrophication
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 (such as from the sewage
system) and is then pushed back onto the reef by the currents. We think that
eutrophication, in addition to the reduction of the number of herbivorous fish, is
contributing to the overgrowth of algae that is seen on many outer island coral reefs.
Eutrophication can be very damaging to reefs and can even kill them.
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Crown-of-Thorns
Crown-of-Thorns are a type of venomous starfish that live on the reefs and eat live coral.
They are a natural part of the ecosystem in Micronesia. They can be dangerous 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
fishing activities. Removal of natural Crown-of-Thorns predators, such as triton, is another
possible cause of outbreaks.

Understandably, the possibility of an
outbreak in the future is a concern among
communities in the outer islands. 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,
therefore having opposite the desired
effect. Instead, it is better to remove the
Crown-of-Thorns from the water (bring
Figure 14: A crown-of-thorns starfish.
them upon shore), being very careful not to
touch their poisonous thorns. There, they
can be buried away from the ocean, or dried in the sun and then burned.
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CONCLUSION
A Way Forward
This booklet was designed to be a tool for Ulithi Atoll and the other 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.
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 conditions will improve.
Marine Planning

Should communities of the Outer Islands decide to enact a management program, there are
several aspects that will increase the chances for success. For one, any plans the
communities implement will be implemented with a system of traditional management and
leadership from within the communities. The communities do all of the planning and
decision making, with our science team available to assist if needed. While the present state
of the reefs is not excellent, they are sufficiently healthy and show signs of being able to
recover. We strongly believe that an emphasis on sustainable traditional approaches to
management is the key to success.
Here are a few 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. Otherwise, it is
unlikely that the plan will work.

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 any impact on fish catch. It is
very 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 highly effective in the past.

4. 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
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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.

5. We suggest that the communities discuss the ideas mentioned throughout this book
and in the reports provided, as well as discuss existing management, and practices
no longer used, and choose the ones they believe will work the best, while still
allowing access to resources in the short term.
6. The information being collected by community monitoring teams is extremely
important. The data they can provide about how many fish are caught, what kinds,
where they are caught, and if they are male or female, and the fishing method used
can give us a clearer picture of the processes that are happening around the islands.
The more information, the better! We can then help with specific strategies and
recommendations. We will not make public whatever information the fishermen
would like to keep private (such as fishing locations).

7. We will continue to analyze the samples and data we collected, and will share all of
the information with the communities as soon as it becomes available.

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, call, or
write to:
Nicole Crane:
Nicrane@cabrillo.edu
Address: Cabrillo College, Department of Biology,
6500 Soquel Dr.,
Aptos, CA 95003
Jon Jr. Rulmal
jrulmal@gmail.com
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GLOSSARY
Acropora – A genus of corals that is particularly important for reef building and complexity.
Algae – Plant-like organisms, mostly single-celled, that use the sun to make energy in a
process called photosynthesis.
Atoll – A round coral reef (or coral islands) that forms a ring around a deep lagoon.

Biomagnification – The buildup of toxins in an organism as a result of its ingesting other
plants or animals in which the toxins are found in smaller amounts.
Carnivore – An animal that only feeds on the flesh of another animal.

Colonies (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 – 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 living within the coral animal to
leave and the coral to turn white (giving it a bleached appearance). 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
substrate 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 (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.
Corallivore – An animal that only feeds on coral.

Diversity – The quality of having a lot of variety. On coral reefs, diversity means there are
many different species of fish and corals.

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.
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Fish Aggregating Devices (FADs) – Artificial 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.

Genus – A category used by scientists to classify groups of organisms. It ranks above
species and below family in taxonomy.
Herbivore – An animal that feeds only on plants and algae.

Lagoon – A body of water that is separated by a larger body of water by coral reefs or
barrier islands.

Macroalgae – Leafy algae that, in large numbers, can be harmful for corals because they
compete with corals for sunlight. The algae that live inside of corals require sunlight for
photosynthesis.

Monitoring – Using a standard method to observe changes to the reef or in the fish catch
over time.

Montipora – The genus of corals that the cabbage coral growing around the inhabited
islands of Ulithi belongs to. This species of Montipora may be from Ulithi and could be
growing faster than other corals now because of the ocean is becoming warmer and more
acidic.
Morphology – The form (or shape and size) of something.

Ocean Acidification – An ongoing increase in the acidity of the world’s oceans, caused by
increased carbon dioxide in the atmosphere.
Omnivore – An organism that feeds on both plants and animals.

Outbreak (Crown-of-Thorns) – When Crown-of-Thorns populate rapidly, leading to high
numbers. Because Crown-of-Thorns eat live corals, this can be harmful to the reef.

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 synthesize food from carbon dioxide and water.
Pollution – The introduction of harmful substances or products into the environment.
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Quadrat – A small white square that is used as a tool to isolate a small area of habitat to act
as samples for assessing the local distribution of some biological feature (such as 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.

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.

Symbiotic – When two different organisms live together and depend closely on each other
for survival.
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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The Problem
Micronesian Outer islanders have sustainably managed the oceans for centuries, even
millennia. The culture, traditions and livelihoods are intimately linked to the reefs that
surround the islands. However, the future is threatened by rapid environmental and
cultural change.

Islanders recognize a decline in fish populations, and the need to address that. The people
realize that human health, communities, and reefs are experiencing rapid change.
Management is important and monitoring can help assess if that management is working.
Please send us the data that you collect. This will help us inform you about possible
management strategies and results!
Data can be sent to:
Nicole Crane
Nicrane@cabrillo.edu
Jon Rulmal Jr.
jrulmal@gmail.com

We can also be contacted through our website or on Facebook:
OnePeopleOneReef.ucsc.edu
Facebook.com/onepeopleonereef
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What is monitoring and why is it important?
Monitoring means using a standard method to observe changes to the reef or in the fish
catch over time. Those changes can be changes in the numbers and types of fish, changes
in the growth of the coral, changes in sea cucumbers, or other changes. For example, if
there are certain fishing regulations on a section of reef, monitoring can help you tell if
those regulations have led to more fish, more corals or other indicators of recovery. In
other words, you can tell if your efforts are working! Monitoring also helps you to decide
where things could be improved or changed, and to decide what type of management might
be needed.
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 of the methods include using a small white square that is about a half a
meter long on each side, called a quadrat. If enough of those quadrats are used (for
example, 10 or more), then the information from looking at them can help to tell the story
of what is happening on the whole reef.

In Ulithi, communities have started their own monitoring programs. This is a great way for
communities to keep an eye on their reefs, and to help verify if management is working.
This handbook explains some of the monitoring that communities could use, and how to do
it.
**Make sure you collect your data and either enter it into an excel spreadsheet on a
computer, or find a way to get the data sheets to Ulithi (John Rulmal) or Yap so they can be
entered. Send the excel spreadsheet to the US science team and we will help analyze it!
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Monitoring Fish Catches
Definition and purpose: Fish catch monitoring is the systematic and careful collection of
information about fish catch, fishing gear, fishing effort/time, and fishing location. It is
important that everyone collects their data in the same way so that the data can give the
best possible picture of what is happening to the fish populations and the reefs. Catch data
can be used to help determine if, when, and where fish catches are increasing or
decreasing. Data can also tell how many fish are being caught too young, how many males
and females are being caught, and whether they are reproductive at the time they were
caught.
When and where to collect data: As soon as fishing is done, whenever possible.

Requirements:
• Data forms and pencils
• Logbook or notebook
• Fish identification materials (picture book)
• Fish knife
• Measuring tape or ruler (with centimeters, if possible)
• Vial of 95% ethanol (for DNA samples) if possible
• Small scissors
• Camera if available to take pictures of the fish

Step-by-Step Procedure (Note: This may seem like it is time-consuming, but with a bit of
practice it can be done quickly!):
1. Fill in the data sheet at the time of catch with the location where the fish were
caught.

2. When you return to the beach (or in the boat if it is a long trip), fill in the data sheet
with all additional known information (such as time of day the fish were caught,
location, date, weather information, etc.).
3. Sort the catch and determine which fish you will be measuring (if all fish are being
sampled, this step not necessary). If you are measuring a ‘subset’(not all fish) try
and measure a few from each general size class, and please still record the total
catch.
4. Take the fish you want to start with and assign it a number (to be used in Step 9).
Record this number on the data sheet, along with what type of fish it is, and the
other information below.
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5. Measure its total length (TL). This means you measure from the tip of the snout to
the tip of the lower end of the caudal fin (or tail fin) (refer to the diagram on the
next page). Record the measurement (in centimeters if possible) on the data sheet.
Size is extremely important because it can help to determine if a fish is mature.

6. To cut open the fish, insert the tip of the knife at the anus and cut towards the front
of the fish to the pelvic fin, slicing upward instead of down to avoid cutting the
intestines (refer to the picture below). Move the intestines to the side so that the
reproductive organs are visible. Record whether the fish is a male or a female (refer
to page 8 for more information on how to do this).
7. In the condition column, record if the fish is “immature”, “mature – spent”, or
“mature – spawning” (refer to page 8 for more information).

8. Using the small scissors, cut a small piece of the pectoral fin and place it in a vial of
ethanol.

9. Label the vial with the number you recorded in Step 4.

10. Repeat for the remainder of the fish catch.
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Telling the difference between male and female, mature and immature fish
Some fishermen and women in Ulithi have learned how to determine whether the fish they
catch are male or female, and whether they are getting ready to spawn. 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, their 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 is with eggs. Many eggs will be orange or
reddish.

In females, the paired ovaries usually have a smooth texture. They are also long in shape,
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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MONITORING CORAL AND ALGAE
Observing Montipora Growth
Picking a permanent study site
Rebar should be placed anywhere Montipora (cabbage coral) can be found growing with an
adjacent clear patch.

Definition and purpose: This method measures the change in distance of a Montipora
colony from a certain location over time. This allows the determination of how fast the
Montipora is growing.
When and where to collect data: Once per month at permanent rebar locations.

Requirements:
● Mask and snorkel
● Underwater slates with attached pencils
● Measuring tape (with centimeters, if possible)
● Fins (Optional)
● Camera if available, to take pictures of the distance. If you are taking pictures, try
and put a reference bar or measuring tape in the picture so distance can be
determined with the photograph
Step-by-Step Procedure:
1. Copy the data sheet on page 11 onto the underwater slate.

2. At the first rebar site, mark (on your data sheet) the location of the rebar and the
location of the coral colony you are measuring in relation to the rebar.

Note: You should be measuring this same measurement every time you collect
your data; this allows you to see how fast the Montipora is growing. If you
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measure the distance to different coral colonies from the rebar, you will be
unable to see any reliable change in the data.
3. Hold the measuring tape from the rebar to the colony you are measuring, and take a
photograph. Don’t forget to make sure your photograph is in focus.

4. Measure the distance from the rebar to the nearest Montipora coral colony (in
centimeters). Start the measurement from the side of the rebar that is closest to the
coral, and stop it at the edge of the colony that is closest to the rebar.
5. Repeat this same measurement three times for accuracy.
6. Record your measurement on the underwater slate.

7. Repeat steps 2 and 3 for the remaining rebar sites (take three of the same
measurements at each location).

8. Copy the data onto the data sheet.

Below is a picture of Montipora (cabbage) coral from Ulithi
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Observing Coral Morphology (shape) – Permanent Quadrats
Definition and purpose: Permanent quadrats are used to measure the rate at which
different species of corals are recruiting and growing at a permanent location on the reef.
This data can help to determine if certain corals are growing in some areas but not others,
which corals grow the fastest, which are struggling, and if corals are recruiting to certain
areas of the reef.
When and where to collect data: Twice per year, at permanent quadrat locations
(marked with rebar).

Choosing Location
Permanent quadrats should be distributed in the same area of the reef flat as the random
quadrat surveys are done (see next section). This should be near the reef crest where the
reef begins to get deep, not shallower than about 5 feet and not deeper than about 20 feet.
Ideally, you should have 6 permanent quadrat locations in this area. At each place where
the quadrat will go, install one (or two if you have the time and the rebar, but one should
work fine) piece of rebar to mark the location (and make sure you write down where it is
so that you can find it again). When you place the quadrat, the rebar should go in the right
corner closest to you (if you are facing the shore), with the bottom of the quadrat situated
parallel to shore. Make sure you place the quadrat the same way each time.
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Requirements:
● Mask and snorkel
● Underwater slates with attached pencils
● Quadrats (0.5-m2)
● Fins (Optional)
● Measuring tape (with centimeters, if possible)
● Camera

Step-by-Step Procedure:
1. Copy the data sheet on page 15 onto your underwater slate.

2. Swim out to your permanent quadrat site (marked by the rebar).
3. Note the number and location of the quadrat on your data sheet.

4. Always start with the same quadrat (make it #1), then move along the other

quadrats: 2,3,4, etc. Do it this way each time so that quadrat #1 is always quadrat
#1, each time you collect data.

5. Place the quadrat over the rebar so that the rebar is in the top right corner, with the

bottom of the quadrat parallel to shore.

6. Use your measuring tape to record the size (in centimeters, if possible) and

morphology (see page 14) of each colony of live coral that is found within the
permanent quadrat. To record the size, measure the diameter (the widest point
across the top) and the height. When you write down your measurements, be sure
to specify which is which! Be very careful to look for new, very small coral colonies.
Make a note on the data sheet if the coral you are measuring is Montipora (or
cabbage coral). Note: the same coral type (species) can have more than one
morphology.

7. Before removing the quadrat, take a photograph of the quadrat from directly above.

Make sure the whole quadrat is in the picture, and don’t forget to double-check your
photo to make sure it is in focus! ** For the photo quadrat, you need to record which
quadrat you are taking a picture of. The best way to do this is to put a slate or
something big enough with the number of the quadrat in the picture.

8. Repeat for each permanent quadrat.

9. Copy the data from the underwater slate to your data sheet.
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Plating
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Coral Morphologies

Montipora

Mounding

Columnar

Branching

Encrusting
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Observing Corals and Algae – Random Quadrats
Definition and purpose: Random quadrats are a method used to estimate the amount of
reef covered by certain bottom living (benthic) life forms (in this case, corals, different
types of algae, cyanobacteria, and various reef substrates). The amount of these lifeforms
on the reef can tell us about reef health.
When and where to collect data: Once per season (four-times per year).
Requirements:
● Mask and snorkel
● Underwater slates with attached pencils
● Quadrats (0.5-m2)
● Fins (Optional)
● Camera

Step-by-Step Procedure:

1. Fill in the name, date, and site location on your data sheet.

2. Swim to the reef crest and make sure you are between 5 and 20 feet deep.

3. Pick a number between 5 and 10. While holding the quadrat directly out in front of

you, swim that number of kicks from your starting point (have each person go in a
different direction). This needs to be as random as possible to cover the full variety
of different habitats. Make sure that you are still over the reef (not the wall) and
then drop the quadrat onto the substrate.

4. Record the percent cover of each benthic life form within the quadrat onto the data

sheet. Note which quadrat number you are on (starting at 1). It does not need to add
up to 100%.

5. Record any crown-of-thorns, sea cucumbers, or crinoids at the top of the data sheet

and note the number of the quadrat they were in.

6. Repeat steps 3 and 4 a total of 9 times. (You should have done a total of 9 readings

by the end of the session.)

16

17

Benthic Lifeforms

Cyanobacteria

(may be black, brown, or green)

Brown Macroalgae

Green Macroalgae

(Can be picked up with fingers. Some may have
different shapes and shades of brown)

(Can be picked up with fingers)

Arrow points to Coralline Algae

Turf Algae

(hard, pink or reddish crusts).
Note: Live coral is also visible.
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Cyanobacteria

(May be black, brown, or green)

(The tiny brown filaments)
Note: The pink is coralline algae.

Benthic Lifeforms

Live coral (This is Pocillopora)

Live coral

Live coral

Live coral surrounded by Montipora

Montipora

Bleached Coral

(White with no living tissue)
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Practicing Percent Cover Estimates

Estimating the percent cover within quadrats can take some getting used to. Use the
images below to practice and get a better idea of what a percentage looks like. This might
help you to become more comfortable with estimating the percentages of corals and
benthic life forms within a quadrat. Use the answers at the bottom of the page to check
your estimates. Some of them might surprise you!

1

Red 17%, Teal 83%
Blue 26%, Teal 74%
3
Red 2%, Teal 98%
4
Blue 41%, Green 15%, Yellow 44%
2
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1

2

3

4

5

6

7

8

5

Blue 14%, Green 79%, Yellow 6%
Red 69%, Green 22%, Blue 9%
7
Red 8%, Blue 10%, Teal 57%, Green 24%
8
Blue 8%, Light Blue 17%, Green 63%, Yellow 12%
6
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Observing Sea Cucumbers
Definition and purpose: This survey is used to estimate the numbers of sea cucumbers
on the reef flats. This information can help determine the health of the stock – how many
sea cucumbers there are, and whether it may be possible to develop a fishery for them.

When and where: Once per season (four times per year) in front of the men’s house, the
resort, and the landing area, and other areas of interest.
Requirements:
● Mask & snorkel
● 10-m transect line (1)
● Underwater slates with attached pencil (2)
● Weights (2)
● Plastic ruler (with centimeters, if possible) (2)
● 1-meter piece of PVC pipe (2)
● Data sheet
● Fins (optional)

Step-By-Step Procedure:
1. Tie the fishing weights to each end of the transect line in such a way that there is
exactly 10 meters between them.
2.
3.

4.
5.

6.

7.
8.
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Copy the data sheet onto the two underwater slates.

Record the location, depth, and estimated distance from shore (in meters) of the
survey site.
Lay the transect line at an area of relatively uniform depth, vertical to the shore.

With each person at the beginning of the start of the transect line (one person on
the right side and one person on the left side), begin by holding out the 1-m PVC
pipe directly in front of you.

Begin swimming, with each person counting all of the sea cucumbers in the three
different categories on the data sheet (black spiky, black/brown smooth, and
other) along the 10-meter transect that fall underneath the 1-m PVC pipe.
Write down the total sea cucumbers in each category.

Repeat the process in the opposite direction along the transect line. This time,
instead of counting the sea cucumbers, use the ruler to measure the size of each
individual sea cucumber (in centimeters if possible), noting the size and which
category each belongs to (black spiky, black/brown smooth, and other) on the data

9.

sheet. While doing this, take pictures that are not black spiky or black/brown
smooth.
Repeat 2-3 times in the same general area.

Note: When measuring the sea cucumbers, it does not have to be exact. When sea
cucumbers are touched, they will shrink. It is best to hold a ruler up in front of the
sea cucumber and estimate their length to the nearest centimeter.

Conclusion: Monitoring is really for you to be able to determine if your methods and
management are successful, and for you to be able to detect and follow changes on the
reef. If you are aware of changes, and are able to document or show those changes with
the data you collect, you will be in a stronger position to make a case that your
communities need assistance to manage your resources. It will also inform you if you
need to make changes in how you are managing the fishing. Our science team, and
others who have received training (such as on Ulithi) are available to help you set up
your monitoring, and to analyze your data. The more careful and accurate you are with
data collection, the easier it will be for us to analyze the data and share the results with
you – and the more useful the data will be. Document your methods (write everything
down). The more information we have the easier it is to inform you.

Good Luck! Hofagie Laamle!!
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