One People One Reef:
Outer Islands marine management

Summary of findings: Ulithi Atoll 2012-2016

We would like to thank the people of Ulithi Atoll for welcoming us, and allowing us the
opportunity to help sustainably mange their reefs and resources. We would also like to
thank the excellent work of the local science teams of Mog Mog (Mario and his team), Asor
(Basco and Daniel), Falalop (Alex and his team) and Federai (Pasi and Leonard).

Following is a summary of some key findings about Ulithi’s reefs.

This is a community-lead project. We have not sought to tell the people of these islands what
we think they should do, but instead to provide information and knowledge to help them make
decisions.

We have also sought to provide some scientific support to validate traditional knowledge
and management strategies. Traditional management has worked in these islands for
many years, and we believe that bringing back some of the management that was used in
the past, but which people have stopped enforcing, is an excellent place to start.

* The US based science team (Nicole Crane, Giacomo Bernardi, Michelle Paddack,
Peter Nelson, Avigdor Abelson) survey reefs to provide information about the health
of the reefs.

* Community (local) scientists collect data on fish caught, including species, length,
gender, and reproductive condition.

* Community members and leaders have shared information on their needs,
challenges, and management strategies.

* Community members have provided information on the amount of seafood they eat
(“seafood calendars”) on a daily basis (for one month).

* The science team examines the data and provides feedback to the community

The diagram below provides a visual description of how all of these pieces of work link
together.
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We believe that the communities on Ulithi are doing the right thing by managing the reefs,
and we can see the results, as the people themselves do. Although some of the reefs are
degraded and not very healthy, we believe the reefs of Ulithi are resilient and can become
healthy again if managed (which we can already see), and some of the fishing pressure,
especially of herbivorous fish such as Maow, Mor, Felang, Reel, Bulgalai, Morfach and
Golach is reduced. Because of more modern fishing techniques such as spear guns
(especially at night), the fisheries data being collected by the local science teams shows that
the herbivorous fish named above are being fished heavily. These fish are also important
to keep reefs clean, so keeping their populations healthy will help reefs. This does not
mean they cannot be hunted, but making it possible for their populations to remain
healthy, especially on the reefs near villages, will help keep these reefs healthy.

Summary of Findings from Reef Surveys of Ulithi

*  We have surveyed 32 sites around Ulithi Atoll & the Turtle Islands, covering the
north, south, east and west of the Atoll. Most of these sites have been surveyed over
multiple years.

* The graph below shows what the reefs themselves are composed of. We have
discovered that sites can be grouped into 3 different types. The red is the cabbage
coral, the green is the algae turf, and the blue is all other types of stony coral. The
reefs with a lot of blue are the ‘healthiest’ reefs (due to high coral cover) that also
get a lot of water circulation.

* The 1st group are sites that have high amount of corals (on the left of the graph, with
lots of red), but most of these corals are the outbreak (possibly invasive) species of
cabbage coral (red bars). These sites are near villages and boat landings, or in the
Northern part of the lagoon (such as near Mog Mog). These sites also have low
numbers of fish, and the reefs were generally very damaged by Typhoon Maysak.
These reefs are probably in the greatest need for management (which is being
done). But the amount of fish, and the numbers of different Kinds of fish is
increasing in the managed areas



The 2nd group (bars that are mostly light green) are sites where total corals have
declined and the reefs are dominated by algae ‘turfs’ (light green on bars; like grass
on land) - mostly Falalop, Asor Metalioch, and Maas. These are the sites just off of
the villages on Falalop and sites that are more frequently fished. These sites also are
probably in high need for management (as communities have identified). These
sites also have low numbers of fish — but the amount of fish, and the numbers of
different Kinds of fish is increasing in the managed areas.

The 3rd group (bars with a lot of blue) are sites that have high coral cover and high
coral diversity - these are sites that are further from villages and include the Turtle
Islands (the bars to the right of the graph with lots of blue). These sites also have
the most fish in them. The Turtle islands show signs of being fished a lot, but the
reefs are healthy.
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Findings on Cabbage Coral

The Cabbage coral is a species of Montipora. The species has not been described, so
this may be a new species (the sequence of its genes has not been found anywhere
else yet). The cabbage coral is found only on certain reefs - it is most abundant on
reefs just in front of each village, and more protected sites.

This coral is most abundant in lagoonal areas that have a lot of human disturbance
(boats, reef walking, nutrients into the water).

Before Maysak, we found that cabbage coral was increasing at almost all sites. In
2014, it decreased at Asor - maybe due to the storm that year.
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Typhoon Maysak caused a lot of damage to this coral - it is brittle, so the colonies
were broken up by the storm more than other types of corals. The graph below
shows that all of the reefs with cabbage coral had less coral 2 months after storm.
We see slight recovery of cabbage coral at some sites in 2016 one year after Maysak.
Asor has the highest cover, and Mog Mog remains low with modest recovery. The
reef in front of Mog Mog remains low in other types of corals. Cabbage coral
appears to continue to spread onto Falalop reefs towards the East.

In the graph below, the longer red bars show sites with higher loss of cabbage coral
after Maysak, with Falalop Men's house having the most coral destroyed.
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How the reefs of Ulithi are connected.

Currents around Ulithi Atoll play an important role in moving larvae (baby fish and baby
corals that drift in the water column) between islands. When fish and corals mate, their
larvae are taken by the currents for several days or even weeks and eventually they land on
another reef. Understanding how islands are connected with those larvae is very
important for management. When one island manages - some of the benefits are seen at
other islands. Ulithi is a connected Atoll when it comes to their reefs. Our genetics work so
far shows that it is likely that most of the fish and corals probably come from Ulithi, not
from somewhere else. So when they are gone or overfished in the whole Atoll - there is
nowhere else for them to come from. This may be the same at other large atolls in the
Carolines.

One way of studying connectivity (how connected the reefs are) is to use genetic tools.
Here we used millions of DNA sequences to estimate relatedness between individuals and
then understand connectivity.

We studied connectivity in clownfishes and surgeonfishes (similar to Felang, Mor, Morfach,
Golach). For the orangefin clownfish, we collected fishes in Falalop, Federai, Fetabul,
Geilob, Pig, Pigleilei, Song, and Yealil. We found a very high level of connectivity, which was
evidenced by the presence of half siblings and full siblings between islands. We found full
siblings (brother and sister) between clownfishes collected in front of the Falalop Resort
and Falalop’s men’s house. But we also had two full siblings between the island of Pig and
just at the end of the Runway in Falalop, showing that larvae travel the entire length of the
Atoll. This means that baby corals and fish can come from as far away as Pig, and settle on
to the reefs of Falalop or maybe even Asor - all the way in the North. This indicates that
management in Federai jurisdiction and other reefs in the far south can affect reefs in the
north, and management of reefs in the north can affect reefs in the south. Each island’s



management will support the entire Atoll. Management should be discussed between
islands.

For surgeonfish (Zebrasoma scopas) we found a pair of full siblings between Asor and
Falalop. But there may be greater movement than that - we are still looking at the data.
Knowing that larvae travel across the Atoll is very important. It means that one managed
area can seed an area further away that is open to fishing, thus providing new fish over the
years.

The genetics of the outbreak cabbage coral Montipora.

Right after typhoon Maysak, we collected pieces of cabbage coral (Montipora) on the ocean
floor, to see if they were breaking off some bigger colonies nearby. We designed a grid and
collected fragments in Asor and Federai (in front of the landing areas). We used the same
approach as for the fish, and found that in both places, some fragments were genetically
identical to some larger colonies, showing that indeed, Typhoon Maysak broke off some
large colonies and live fragments landed further away, one way of dispersing the weedy
coral. This year, we are redoing these experiments to see if the fragments survived over
the course of a full year. However we also say that there were different ‘groups’ of this
coral in different places of the Atoll. This suggest that these corals are reproducing sexually
too - with the larvae traveling and settling in new places.

Dataloggers for temperature at Falalop, Mog Mog and Asor (Federai has not been collected
at time of writing this)

Local science teams have placed 12 dataloggers in the water (3 for each island). So far we
have analyzed the data for 3 in Mog Mog, 3 in Asor and 1 in Falalop. Loggers have been in
the water for 3 months. During this time, temperatures have been going up, by about 1.5
degrees Farenheit. (from 80.6 to 84.2 F). The highest temperature recorded was in Asor,
on May 30, at 88.7 degrees Farenheit. This is a high temperature, and temperatures this
high generally stress both corals and fish. On average, temperatures are always warmest in
Asor, then MogMog, and Falalop, where it is the coolest. Below is a graph with the average
temperature by month from mid March to mid June. Temperature ranges from 83 to 85.5
degrees. 1, 2 and 3 are each month (mid March to Mid June).
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Findings on Reef Fish

Some of our observations of fish from the swimming fish counts we do on the reefs:

Fish diversity (number of different kinds of fish), abundance (how many fish) and size was
not affected much by Typhoon Maysak. Over the five years we have looked at fish here,
there seems to have been an upward trend in fish abundance, diversity and size over the
years (especially at the islands that have put management in place). As of this time we
have not looked at Federai this year (2016). In 2016, diversity, or the number of species of
fish, seems to be higher. Mog Mog and Falalop biomass (fish sizes) has gone up in 2016. In
Asor, biomass has increased on West of pier (towards Mog Mog) and decreased a little on
the East (towards Falalop). Metalioch seems to have increased a little bit in fish. The
western reefs still have high fish counts. Piglele has more fish than Sohng. Yealil seems to
have decreased a little bit, but not much.

In general, sites in the west of the Atoll, and ocean facing, as well as the turtle and crab
islands, have the greatest abundance and the largest size of fishes. Sites around Falalop
and Asor Metalioch have the second highest, and the lagoon facing sites at Mog Mog,
Sorghlei, Ptongras and Asor have the least. The western reefs have larger carnivorous (eat
other fishes and invrtebrates) reef fishes such as jacks, grouper and snapper (Rogrog,
Metaja, mool, Bela, Haliy, Lae-mwar, T'at) than other reefs. Islands and reefs in the north of
the Atoll have the smallest of these fish. The same is generally true of the herbivorous fish
such as Reel, Golach, Maow, Felang, Bulgalai, Mor, Morfach.

Findings of Fisheries data (collected on fish that are brought to shore and measured by
local science teams).

Ulithi has the largest amount of data collected by communities to manage their own fish
anywhere in Micronesia. They have logged information for close to 78,000 fish! This is
something to be very proud of. Here are some results from that. The following graphs
represent data from over 60,000 fish.



Catch Log more than 60,000 fish

Common name Ulithian name # caught
Orangespine Unicornfish BULGALAI 8836
Striated surgeonfish? MOR 8259
Lined Surgeonfish FELANG 7235
Orangeband Surgeonfish MORFACH 4547
Daisy Parrotfish MAOW 4281
Blackbar Soldierfish MOOL 2962
Blue Parrotfish DILMOW 1871
Other 24434
62425

141 different species
61% of fish caught are herbivorous*

Spearfishing — close to half of all landings recorded

Reefs are the primary habitat fished

In the next table, you can see how management changed the number of fish caught by spear
compared to hook and line. We think this is great management, since hook and line catches
less of the algae eating fish, and helps protect the reefs. We can also see an increase in size
of some algae eating fish, especially Maow (parrot fish) probably because of management
and reducing night fishing.

Fishing Gear

Fishing gear 2013-2014 | 2014-2015
Trolling | 126 | 16
Hook and line | 7377 | 12229
Spear Gun | 11721 | 8,905
Throw net [ 1576 | 922
|Long Net [ 350 , i
[Fishing net [ 60 ‘ 102
Gill Net , 59 _ 2792
Multiple methods 328 , 1145
Trap 98

In the next slide you can see which kinds of fish are caught most with the different
types of fishing methods around the Atoll, and how throw nets and spear guns
target the algae eating fish (Reel, Golach, Maow, Felang, Bulgalai, Mor, Morfach).



Top 10 species caught by throwing net Top 10 species caught by hook & line
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In the next slide, you can see the effect of one of the managed areas (Falalop), and the
increase of just the algae eating fish (herbivores) (there were increases in ALL fish!). We
can see the positive effects of management at ALL islands. When we started this project
with communities of Ulithi, we thought that management might work pretty quickly
because the reefs are still in good shape. But we didn’t know it would work THIS fast. The
fact that the management is working so fast is an excellent sign.



Herbivore biomass across 3 years — ‘closed’ site
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30

20
15

10

2012 I 2013 2014

In the next slides we show examples of changes in size over 3.5 years for parrotfishes
(males and females- Maow) and chubs (Reel)

1. Maow -parrotfishes: Comparison of 2013 and 2014+2015 data, all islands
combined

Males and females 2013.
Males: max=58 cm, min=15.5 cm, average=25.4 cm. To better visualize the data, we
removed two very large fish from the data (56 and 58cm)

Females: max=78, min=16, average=24.5
To better visualize the data, we removed a single large 78 cm female specimen:
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Maow (Parrotfishes) males 2013 Maow (Parrotfishes) females 2013
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Males and females 2015 - notice they are bigger

Males max=43, min=19.5, average=26.3
Females max=34, min=18, average=25
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2. Reel - Chubs: Comparison of 2013 and 2015 data in Falalop

Reel (Kyphosus sp.) 2013
Reel (Kyphosus sp.) 2015
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Conclusions

The management on Ulithi seems to be working. In the place that has been doing it the
longest, the results are excellent (Falalop). This indicates that it will get better at all sites.
But it is important to recognize that each reef, though connected, is also different. Water
flow, temperature, reef shape and human influence all will determine how each
management plan works. They will not all work the same.

By managing fish, reefs are being protected too. After a disturbance like Maysak, reefs will
recover, but the best way we can keep reefs healthy is to let the fish do their jobs. So as
fisherpeople, the best thing we can do is to manage the take of the fish, and how they are
caught. Reefs not only support the fish people eat, they also protect the islands from
erosion. The most important thing to the livelihoods of the people of Ulithi, and the
protection of your islands, is the protection of your reefs. Your traditions for management
have always been strong. We encourage you to remember those traditions, use the
management, and involve the younger generation. They need to understand the
management, and WHY it is important. Reefs are alive, corals are alive. They are like a
body - they can get sick and stressed. It is up to the people who rely on them to take care
of them. If they are taken care of they will continue to provide food and protect islands.

*A word about herbivorous (algae eating) fish. In general, as shown above, the nets and the
spear guns/poles are taking the most number of fish. Almost all of those fish are algae
eating fish. This means that most of the fish being caught are algae eating. These fish also
clean reefs, and clear areas for baby corals to settle down. If too many of these fish are
removed, the reefs can begin to show signs of stress too. If communities better understand
which fish they are catching by keeping track of them, we can work together to understand
how changing that might help.
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Management Actions

Each island on Ulithi is doing its own management. All we can do is try and see if it works.
We have encouraged communities to bring back some traditional management and taboos,
since science can support why most of these worked in the old days. The biggest problems
on Ulithi are: 1. Changes in fishing methods (with boats, engines and new gear such as nets
and spears) have changed which kinds of fish are caught and how many. So even
traditional management has to adapt to this change. 2. Influence from Villages, people and
livestock: we believe that breaking corals, runoff from human waste and livestock are all
contributing to reef degradation, and reduced fish. 3. Climate change - this is changing the
conditions the reefs and fish have to deal with.

As of this time we can report (as the communities report), that we see the management
bringing back some larger fish and more of them. It is difficult to see how this is helping
the reef, because Typhoon Maysak came just as we can begin to see the reef getting better.
The typhoon damaged many of the reefs. But we do know, from examples from other
places in he world, that managed reefs with healthy fish populations recover much more
quickly than overfished reefs. So the management on Ulithi has several important positive
outcomes: it brings more fish to eat, it keeps reefs healthy, healthy reefs protect islands,
and management brings communities together and strengthens leadership. Management
requires leaders to bring communities together around the management plan, and how to
enforce it. It also helps younger people better understand the importance of management,
and the traditions that have kept the reefs strong.

Communities, not outside groups, should be in charge of their management. Science teams
can and should help provide information to support that management, and assess if it is

working. Ultimately, local communities lead, and outside teams can support, combining
modern science with traditional practices and local leadership.

Hofagie Laamle!!!

Hosa hachigchig!!
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