Building capacity for sustainable fisheries management through science and
tradition: Micronesian Outer Islands
Progress report 2016
BRUV Results from the 2016 field season:
We used Baited Remote Underwater Video Systems (BRUVS) to document and compare the
relative abundance of key fish species at multiple reef sites too deep to sample using free
diving throughout Ulithi Atoll. The BRUVS were designed and tested with the assistance of
Dr. Steve Moore and his students (California State University Monterey Bay), initially in
2015, but more extensively in July, 2016. The goal of this project was to develop and
implement a simple, low-cost,
portable undersea camera system
float
that could be operated at depths
between 1.5 and 40 meters. The
design was intended to be potentially
useful anywhere an inexpensive tool
would aid in surveying and,
camera
particularly, monitoring coral reef
fish populations.

bait bag

10 cm

ballast
Figure 1: schematic of the BRUV

The BRUVS design is a monopole with
an arm to hold a mesh bait bag in
front of a GoPro video camera. The
BRUVS are held upright by a float at
the top and rebar ballast inserted into
the PVC pipe frame at the bottom. The
BRUVS are lowered from the surface
and tethered to a surface float for
subsequent retrieval (line and surface
float not shown in the figure). They
are positioned by a swimmer at the
surface; the compass direction in
which the camera points is largely
determined by the direction of the
prevailing current. This usually

results in the camera “looking” downstream.
We placed BRUVS (see table below for locations) in depths ranging from about 2-23 meters
(depth estimated by the amount of line paid out), and sought locations on the reef where
the field of view for the camera included an unobstructed perspective of open water
beyond the bait bag. This allowed us to identify fishes in the vicinity that were not
definitively responding to the presence of the BRUVS or were wary of approaching closely.
Deployment duration was a minimum of 10 minutes (mean = 14:11), based on published
species saturation curves and preliminary data of our own. The bait used was a fish-sized
clump of chopped dilhoul & padi (atherinid & carangid), obtained locally.
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site
Asor
Protected

code

GPS (N, E)

date
(2016)
10 1.452, 139 45.515 June 28
10 1.530, 139 45.428
10 1.665, 139 45.394
10 1.842, 139 45.618 June 28
10 1.881, 139 45.596
10 1.943, 139 45.575
9 53.723, 139 39.510 June 29
9 53.750, 139 39.478
9 53.687, 139 39.541
9 54.221, 139 39.283 June 29
9 54.258, 139 39.269
9 54.320, 139 39.258
9 54.600, 139 39.389 June 29
9 54.564, 139 39.397
9 54.611, 139 39.381
vicinity of
June 30
10 0.759, 139 47.279

depth
(m)
16-28

ASOP1
ASOP2
ASOP3
Asor
ASOR1
20
Landing
ASOR2
ASOR3
Federai
FEDS1
10
South
FEDS2
FEDS3
Federai
FEDE1
8-10
Landing
FEDE2
FEDE3
Federai
FEDN1
10-12
North
FEDN2
FEDN3
Falalop,
UAR21
28 &
UAR2
UAR22
1.5
UAR23
Mogmog
MOGC1 10 5.096, 139 42.487 July 1
8-10
Landing
MOGC2 10 5.080, 139 42.462
MOGC3 10 5.077, 139 42.422
Sorghloi
SOHL1 10 4.616, 139 44.114 July 1
10
SOHL2 10 4.547, 139 44.155
SOHL3 10 4.499, 139 44.182
Maas
MASO1 10 0.581, 139 43.460 July 1
12-15
Outside
MASO2 10 0.505, 139 43.460
MAAS3 10 0.545, 139 43.439
Yealil
YEAL1
9 51.334,139 37.357 July 2
13-15
Outside
YEAL2
9 51.322, 139 37.400
YEAL3
9 51.311, 139 37.439
Piglelei
PIGL1
9 59.311, 139 37.159 July 2
3-6
PIGL2
9 59.284, 139 37.166
PIGL3
9 59.248, 139 37.177
Songh
SONG1 10 0.201, 139 36.803 July 2
18-23
SONG2 10 0.241, 139 36.768
SONG3 10 0.246, 139 36.747
Table 1: site and location details for the BRUV deployments

n

notes

3

high tide, ebbing; bait: dilhoul &
padi (atherinid & carangid)

3
3
4

along edge of reef—deeper was
sand, only

3
2+2 shallow and deep deployments
3
3
2

on edge of slope/drop-off; lost
bait from MASO2

3
3

deep channels in reef

3

2

The sites for BRUVS placement were selected to correspond to shallow water visual
surveys by snorkeler conducted previously in June, and for paired fished and unfished sites.
Persistent local power outages limited our ability to recharge camera batteries and,
therefore, the number of BRUVS deployments during this field season.
Meta-data from all deployments have been compiled, including placement depth, bait
consumed, video duration, time of day, and field of view (categories). Nearly 30 species are
readily identified from the BRUVS video. We are developing species accumulation curves
for each deployment and testing potential indices for analyzing potential differences
between sites. Binning species by trophic category (e.g., herbivore, micro-carnivore, etc.)
appears to be most useful.
Datalogger placement and data collection:
Dataloggers for temperature were placed 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.
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Figure 2: Average temperatures in three localities (Asor, MogMog, Falalop) over three consecutive
months (1,2,3, April, May, June) (vertical axis, average temperature in degree Farenheit).

Fisheries Data:
We met with fishery collection teams from four islands: Falalop, Federai, Mog Mog and Asor.
The database spreadsheet was revised and tested with local teams.
Product 1: pictorial guide for fishermen developed with Ulithian names, scientific names and
common names (main author Mario Dohmai – Mog Mog Island). Currently it contains
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information on 56 of the most common caught species (from the landings database). Copy
available on request.
Product 2: updated landings data. 80,000 fish to date (though September 2016). Database
‘cleaning’ and analysis currently underway.
Some analyses from the fishery database:
Below, note 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). At this site, biomass of
these fish doubled. We can see the positive effects of management at all islands.

Figure 3: Biomass of fishes at a protected/managed site on Falalop
Below we show examples of changes in size over 3.5 years for parrotfishes (males and
females- Maow) and chubs (Reel). Both have increased in average size.
1. Maow –parrotfishes (Scarids): 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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Figure 4: Scarid male and female
(frequency) vrs. Size) in 2013
Males and females 2015 – notice the increase in size
Males max=43, min=19.5, average=26.3
Females max=34, min=18, average=25
Maow (Parrotfishes) males 2015
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Figure 5: Scarid male and female
(frequency) vrs. Size) in 2015
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2. Reel – Chubs (Kyphosids): Comparison of 2013 and 2015 data in Falalop
Reel (Kyphosus sp.) 2013
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Figure 6: Kyphosid frequency by size comparison between 2013 and 2015
Genetic moniotoring:
Fishermen provided the research team with over 400 samples of landed fish. We
have trained a group of undergraduate students to extract DNA, PCR amplify and
sequence the barcoding mitochondrial region cytochrome oxydase 1 (CO1). We are
currently analyzing the data. Once all samples are properly identified genetically, all
individuals of each species will be analyzed using population genetic approaches
(Dloop sequencing and RAD sequencing) to assess connectivity of fisheries related
species.
Study genetics of fish connectivity and coral recruitment: are fish populations within
the atoll and nearby islands isolated? Might recruitment limit recovery of fish
populations and coral reefs? Do recruitment rates differ among reefs as a function of
reef health (e.g., coral health, coral cover, herbivore presence)?
We used genetic markers for fish and corals to understand general patterns of
connectivity in Ulithi. We used RAD genomic markers (thousands of molecular
markers) for clownfish (4 species, Amphiprion chrysopterus, A. clarkii, A. melanopus,
A. perideraion) and brushtail tangs (Zebrasoma scopas), as well as Montipora corals.
Using parentage analysis, we found that connectivity is strong longitudinally from
north to south, on the eastern side of the Atoll and on the western side of the Atoll,
but not across the Atoll with latitude. This is consistent with prevailing currents
around Ulithi, and will be combined with abiotic information about currents and
temperatures of the Atoll. We used over 100 samples of fish, and 300 samples of
corals. We have collected an additional 350 samples of fish and corals that we are
currently analyzing.
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Seafood Consumption Calendars
We distributed a seafood consumption calendar in June of 2015 and provided
instructions to the local science team regarding their distribution and recording
procedures. Fifty-three completed calendars were shipped to the United States last
year, and all data were digitized by May, 2016. We have nearly 1500 records
regarding daily fishing patterns, effort distribution, consumption and the sharing of
seafood resources at the household level for a single, 28-day period (July 6—August
2, 2015).
There are four inhabited islands associated with Ulithi Atoll. These are Falalop (pop.
700), Mogmog (pop. 80), Asor (pop. 35) and Federai (pop. 120). Each community
has some degree of access to food resources from off the Atoll via a government
supply ship which arrives every 2-6 months and, to a lesser extent, via twice-weekly
flights between Falalop and Yap. Small skiffs are used to travel between the 4
inhabited islands, and provide a means of distribution within the atoll.
Diet is mostly locally-caught fish, white rice, ramen, canned fish, canned lunch meat,
and local plant-based foods (taro, breadfruit, coconuts, bananas, plus other greens).
On important occasions, a pig is slaughtered and consumed. There are other local
foods—octopus, lobster, etc., but it’s not clear what additional variety there is or
how important these other resources are. Because Falalop is the only island with a
landing strip and is also the place where the ship anchors, we assume that off-island
foods, here, are most easily and frequently consumed with the other communities
having a somewhat reduced degree of access.
Fishing in Ulithi currently (post-World War 2) is mostly a combination of handlining
(mostly inside the lagoon), spear fishing (mostly at night), trolling (mostly outside
the lagoon), cast netting, shore fishing (ie casting), barrier nets and a few fish traps,
although some of this (particularly spearfishing)is now being more regulated due to
enhanced management. We know that some gleaning on the reefs at low tide occurs
too—this would contribute octopus, snails, some fish (e.g., triggerfish), etc. All
communities have fiberglass skiffs with outboard motors, but fuel is extremely
expensive and thus limiting. The result of fuel limitations is that fishing effort is
highest around and close to the inhabited islands. When a skiff (with outboard) is
put into use for bottom fishing in the lagoon or to go on a spearfishing trip, the
access to those few spots in the boat are sought eagerly and the boats seem to be
very full (as many as 10 or more in an 18’ skiff). There are a few traditional wooden
canoes (outriggers) that can be paddled or sailed, but their renaissance has been
recent (mostly since 2012) and their use seems to be limited to teenagers primarily.
It is unclear how much fishing is done from these vessels. Also, there was a major
typhoon in 2015 and a damaging tornado in December 2016, both of which wrecked
canoes. Thus, most of the fishing is on or close to the inhabited islands and nearly all
is done with hook and line or spear. All four communities have reduced their use of
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nets considerably and use them mostly when they are preparing for a big event (e.g.,
funeral).
To learn more about the extent of local reliance on marine resources, specifically
fisheries, our local science liaisons distributed a “seafood consumption calendar” to
households on all four inhabited islands, and provided instruction as to how to
complete them. Fifty-three families completed their calendars, all covering the four
week period from July 6 – August 2, 2015. At the end of each day, the head of the
household used the calendar to record the family’s consumption of seafood, fishing
activities and the distribution of fish to other households.
community # of households total meals recorded % with seafood
Falalop
15
407
71
Asor
13
364
85
Mogmog
22
379
94
Federai
3
84
56
Table 2: Reporting rates and percentage of meals including seafood.
community reef & lagoon open water
Mogmog
90
8
Federai
34
3
Asor
186
8
Falalop
104
31
Table 3: Fishing effort and distribution
Daily fishing activity
Reef & lagoon fishing
Open water fishing
FAD fishing
No fishing today
Daily fish consumption
Breakfast/Lunch/Dinner
Reef
Blue
Fish given away
Reef fish #
Blue fish #
My island

FAD
0
1
5
1

no fishing
182
46
167
258

fishing that takes place (mostly) in the lagoon
trolling for pelagics outside the lagoon in the open ocean
trolling or handlining around a FAD
no fishing that day
refers to the assumed meal
meal included primarily fish caught off the reef
meal included primarily fish caught in the open ocean (ie
pelagics)
number of reef fish given to another household (gift or
barter)
number of pelagic fish given to another household (gift
or barter)
fish given or bartered were consumed on the fisher’s
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island
Ulithi
fish given or bartered were consumed on another island
of Ulithi (eg caught off Falalop, but provided to Mogmog)
Outside Ulithi
fish given or bartered were consumed on some other
island (eg shipped to Yap, rare)
Table 4: Terms from the calendar & database:
There was no indication that fishing activity varied by day of the week (for example,
reduced effort on Sundays) or that there was any substantial difference across the
28=day period. Effort was remarkable for its constancy.
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Figure 7: Fishing effort by date
The number of fishes given away or traded varied greatly from one day to the next.
It seems likely that this is related to fishing success and the type of fishing activity.
For example, net fishing or a boat trip to bottom fishing inside the lagoon may yield
hundreds of fish. These are not regular occurrences, but the catches are widely
distributed.
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Figure 8: # Fish by date
Partnering with Local leaders and managers to co-create adaptive management plan
frameworks:
The management on Ulithi appears to be working from an ecological and a
community (social) perspective. For the island that has been doing it the longest,
the results are excellent (Falalop – see above). For Falalop, Asor and Mog Mog in
particular, people tell us that the management allowed them to more easily survive
the immediate aftermath of typhoon Maysak. They opened all managed areas (per
custom), and there were ample fish, which they attribute to the management they
had implemented.
Management Actions
All four islands are collecting data from landed fish.
Each island on Ulithi has implemented its own management. Falalop has closed one
area of the island to all fishing except: community fishing, and fishing from shore.
The other section of the island is closed to night spearfishing and no gillnets or
throw nets are allowed. Mog Mog has closed the section of most degraded reef in
front of the island (south side) to any fishing except: community fishing, and fishing
from shore. Gill nets have been banned, and take of parrotfish by spear at night has
been banned. Thy have also implemented a traditional custom of notification of ‘first
catch’ to signal the opening of lagoon fishing. Asor has implemented rotating
closures on the south facing side of the island. Federai has implemented rotating
closures on the west facing side of the main island, and has banned the take of
bumphead parrotfish (Bolbometopon muricatum) and humphead wrasse (Cheilinus
undulatus) on all reefs. All fishing in the Atoll is controlled under one of these 4
fishing jurisdictions (each main island controls a fishing jurisdiction). Thus, Ulithi is
the first Atoll in Yap State to have a comprehensive, documented management plan
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that includes closures, gear restrictions and species restrictions. It is also the first
Atoll to have implemented data collection of landed fish at all four main islands.
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. So the management
on Ulithi has had 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.
Building knowledge capacity and long-term community involvement:
Hannah Bernard (Hawaii Wildlife Foundation) travelled to Ulithi June 2016 to facilitate
the U.S. youth’s trip and to work with the Ulithi community to prepare the youth who
will travel to Hawai’i in September 2016. One graduate student, one Post Doctoral
Fellow and seven undergraduate and high school youth from the US worked with 7 youth
from Ulithi to learn sampling techniques, local customs, and collaboratively investigate
and discuss the importance of marine management and the role of youth in the future of
marine management. It was a very successful program, and the communities of Ulithi
have asked us to continue, and to expand the youth program.
Shareing co‐management and collaborative research experience with managers and
fishermen in Hawaii, as well as communities on other islands of Ulithi Atoll
Hannah Bernard, John Rulmal and Nicole Crane outlined a framework for the Hawai’i
cultural exchange. The leaders of Ulithi chose 4 people to attend: 2 youth leaders, one
fisher and data-collector (lead from Mog Mog), and one community leader.
Although we had planned to host this workshop on Maui in September, we learned that
the IUCN World Conservation Congress would be hosted for the first time in the U.S.
during this same period, in Honolulu, HI, and that Moana Pasifika was planning to host a
Pacific Ocean Summit there. The theme: ‘Planet at the Crossroads’, to reflect the serious
choices and actions the world needs to make to reverse environmental declines and
secure a healthy, livable planet, coincided with ours and accentuated a global context.
The venue provided the potential to expand the meaning and scope of our workshop if we
could shift our location to O’ahu. A pre-IUCN workshop organized by Hawai’i-based
Kuaʻāina Ulu ʻAuamo (KUA) began to take shape that we believed could potentially
amplify our effort significantly. Kevin Chang, KUA’s Executive Director, sent out the
invitation citing its inspiration as Uncle Mac Poepoe, original convenor of a communities
meeting in 2003 to support the exchange of ideas and practices to better manage
nearshore resources and perpetuate traditional mālama ‘āina. Since HWF was one of the
supporting NGO’s for this first workshop on Moloka’i in 2003, and has participated in
the communities network since then, this pre-IUCN workshop appeared to be the perfect
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vehicle to both support the communities exchange and simultaneously provide an
opportunity for the Ulithi community to access the global perspective at the IUCN.
The workshop was outstanding, with more than 200 participants and representatives from
65 nations attending (and large group sessions translated into French and Spanish),
including John Rulmal, Jr. and 3 youth from Ulithi. The workshop included activities
such as coconut bowl (apu) shaping for awa ceremony, breakout groups to facilitate
visioning sessions, small group and large group sharing, a fishpond restoration event at
Huilua, and practitioners demonstrations, and a WCC Motion/Resolution discussion. In
between, there was ample time for conversations with others, networking, strategizing
and talking story. During this time, we had the opportunity to link the Ulithians with key
leaders/practitioners in the Hawaiian community, e.g., Uncle Mac Poepoe and Ekolu
Lindsay. Weaved throughout the three days was a tangible feeling of shared passion, joy
and deep aloha for the ocean and its management, and for all the participants.
This network has achieved many great successes since its inception including the
founding of the statewide Makai Watch network (which is now a state DLNR/DOCARE
program), the facilitation of transmission of knowledge between kupuna and youth via
video projects, community involvement in passing important legislation for support of
Hawai’i’s nearshore ecosystems, and establishment of community-based marine managed
areas. But this particular workshop stands out as a watershed event with international
impact. With representatives from the entire Pacific rim sharing about their deep concern
for the integrity of their nearshore waters, the Ulithian participants were the only group
there to share how their ecosystem and management of it is largely a success story.
This realization had profound impact on the 3 students who participated in this event and
in the IUCN/KUA community as well. The group was deeply affected by how many
stories shared by others included challenges from governmental overlay and/or
mismanagement. They all expressed a deeper appreciation for their own ecosystem’s
health and their own capacity to perpetuate it. The summary from this Small Group
Break-Out Session, ʻĀina Momona Visioning Dialogue, captures the goal of this session,
to communicate the indigenous perspective on managing for recovery, with the Ulithian
perspective integral to the discussion.
The Ulithi participants will take back to their communities a heightened understanding of
the larger challenges faced by many peoples, and the importance of their successes and
efforts. Participants at the KUA gathering will take back an understanding of how the
Ulithian community has been able to achieve what they have, and how that process can
inform their own communities. Our goal is to prepare a ‘best practices’ document about
the work on Ulithi to share with others. This will include the major challenges, the
successes, and the process that led the communities to where they are now with revised
management on all islands.
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Expanding to additional outer island communities:
As a result of the work we have initiated on Ulithi, and through attending workshops on
the main island of Yap, and meetings with government officials, representatives have
approached us from other islands that are interested in implementing management plans
on their islands. We feel the most effective way to create a sustainable program is to have
the communities themselves (Ulithi) share their successes and challenges through a
community led meetings.
We conducted a workshop on Yap for outer island leaders and representatives. The goal
of the workshop was to communicate what we have been doing on Ulithi, and to create
an opportunity for other outer islands to prepare a plan for us to visit them in the summer
of 2017 and/or 2018. We will be conducting this work during the summer 2017 –
visiting outer islands from Satawal westwards towards Ulithi.
Thirty participants representing 12 islands attended the all-day workshop which
was held on June 17, 2016. From 9:00 am to 4:00 pm. We focused on three main
themes: 1. Action plans…what are the issues, and management needs on each island,
2. Is support needed? If so what kind? And 3. How could management planning be
implemented: how would it work – who is the management team?
We asked each group of participants representing one of the 12 islands to think
about and articulate what would be needed to implement marine management, and
what some of the main challenges would be. We are preparing the workshop report
now. We are using the outcomes of that workshop to plan for the islands we will
visit during our outer island expedition. We are asking the islands who have
expressed interest to prepare a team to receive our team this summer. We have
recommended that their team consist of a community leader, (the appropriate
Chief), one or more youth representatives, one or more individuals prepared to
learn about collecting fishery landings data, and one or more reef owners.
One People One Reef Benthic Survey Summary/Progress Report: Ulithi 2016
We investigated the spatial and temporal distribution of an “outbreak” coral - an
undescribed species of Montipora, which we noted on our first visit in 2012.
Islanders asked us to evaluate this coral due to their concerns that it may be causing
declines in reef function due to its ability to quickly overgrow other corals, limiting
coral diversity, reducing structural complexity, and depressing fish and invertebrate
diversity and abundance. Our previous analysis of the spatial distribution of this
coral indicated that outbreaks of Montipora sp. may be related to physical
disturbance, as it is most abundant at sites used as boat landing/anchorage and
reefs that are frequently used for fishing from land (i.e., walking the reef, castnetting, spear fishing). We thus sought to examine this hypothesis further by
evaluating Montipora sp. dynamics following the devastating Typhoon Maysak that
hit Ulithi Atoll in April 2015. We were particularly interested in seeing whether the
typhoon would act to clear reefs of this coral (due to its brittle nature), thus
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allowing species diversity to return to these reefs, or act to further spread it via
fragmentation and opportunistic growth in areas where other corals had been
damaged. A summary of the findings to date are presented below.
Our data from 2012-2014 revealed that the presence and abundance of Montipora
sp. on Ulithi Atoll reefs was a major driver in site clustering based on benthic
structure (Figure 1). Reefs with high Montipora were predominantly on inhabited,
fished sites whereas it was rare or absent on remote sites.

Figure 9: Upper Panel: Benthic composition on reefs of Ulithi Atoll 2012-2015 with
sites arranged to align with clusters based on benthic composition (lower panel).
There was a negative relationship between percent cover of Montipora outbreak sp.
and other stony corals (Fig. 2). Sites in which Montipora sp. was >30% all had low
(<30%) cover of other stony coral species. There is also a strong negative
relationship between coral diversity (in this case, diversity of coral genera and
morphotype) and Montipora cover (Fig. 3), with sites where Montipora is >20%
having very low coral diversity (<10), whereas sites where Montipora is <20% have
coral diversity ranging from 10-20. There are several different mechanisms that
may be driving this relationship: a) Montipora sp. outcompetes other coral species,
and/or b) sites with higher stony coral cover and diversity are more resistant to
Montipora sp. outbreaks than sites with compromised coral cover and diversity.
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Figure 10. Percent cover of Montipora outbreak species compared to percent cover
of all other stony coral species.

Figure 11. Coral diversity (diversity of genera and morphotype) compared to
Montipora outbreak sp. cover.
Dendrograms of fish diversity showed remarkably similar patterns to those based
upon benthic structure, indicative of ecological relationships between corals and
fish communities. Montipora-dominated sites tended to have lower biomass of
predatory fishes and coral-dependent fishes (Fig. 4, left panel). These fishes have
significantly higher biomass on reefs with higher cover of other stony corals (Fig. 4,
right panel).
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Figure 12. Relationship between piscivorous fish biomass (top panel) and
corallivorous fishes (bottom panel) and cover of Montipora (left panel) compared to
fish biomass versus other stony corals (right panel).
Clustering of reef sites has remained stable across the duration of this study.
Montipora did not appear to spread to other sites from 2012-2014. At the sites
where Montipora sp. was observed, its dynamics were variable (Fig. 5). Of the 12
sites in which Montipora was observed over the course of this study, Montipora
levels remained steady on five of the 12 sites and increased 10-34% on 3 of the
sites, whereas on 3 sites, cover declined 8-13%. The site with the greatest decline
was the site on Falalop that was closed to fishing after our initial 2012 surveys.
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Figure 13. Percent change in Montipora outbreak sp. coral cover from 2012 to 2014
on sites where Montipora was documented. Note that only 6 of these sites were
surveyed in 2012 (UAR 1, Falalop Men’s House, Asor Landing E, Mog Mog Landing,
Gailob, Loosieyep). The other sites are 2013-2014 change. Note that UAR 2, Fetabul
S, and Yealil Lagoon were first surveyed in 2014, so there is no % change available.
They are included in this graph for purposes of comparison with Figure 14.
On April 30 of 2015, Typhoon Maysak hit Ulithi Atoll directly, causing severe
damage on land. In 2015, we surveyed reefs on and adjacent to the Atoll two months
post-typhoon. We found that while coral community structure was relatively stable
among sites (with clusters remaining stable), the outbreak Montipora sp. was
strongly impacted at most sites (Fig. 6). Live cover of Montipora outbreak sp. at
sites where it was abundant was reduced up to 34%, crushed to fine rubble due to
wave action and heavy scouring. Sites with very low cover of Montipora (<10%)
experienced very slight declines (<3%) in Montipora. Cover of other coral species
was not notably impacted on most sites after Typhoon Maysak, remaining steady
over time (Fig. 7, 8).
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Figure 14. Percent change in Montipora outbreak sp. coral from 2014 to 2015 (2
months after Typhoon Maysak).

Figure 15. Percent cover of other stony corals at individual sites on Ulithi Atoll
2012-2015.

18

Figure 16. Average percent cover of other stony corals on Ulithi Atoll sites from
2012-2016.
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In our 2016 surveys, we examined whether the storm and the reef management
actions of the islanders affected the dynamics of this outbreak. We found that sites
continued to cluster as previously, indicating that community dynamics in general
remained steady despite the storm (Fig. 8). The storm, however, did negatively
impact Montipora sp., reducing average cover of Montipora sp. from an average of
34% to 12% (Fig. 9). This reduction appears to be short-lived, as our 2016 surveys
revealed that it had begun to recover at most of these sites (Fig. 9). This recovery,
however, was a very low rate, increasing only an average of 5% in the year posttyphoon, compared to its pre-typhoon overall increase of twice that, 10%, at sites
that it had previously been increasing in abundance. At the sites where Montipora
had been decreased, we did notice increased numbers of recruits of other stony
coral species. Our 2017 surveys will allow us to determine whether these species
are able to regain a foothold in these sites, or if this species of Montipora will
outgrow them once again.

45
40
35
30
25
20
15
10
5
0
2012

2013

2014

2015

2016

Figure 17. Average percent cover of Montipora outbreak sp. on sites in Ulithi Atoll
that it was present, 2012-2016.
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