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Synopsis

In recent years the people of Ulithi Atoll, which is part of Yap State in the Federated
States of Micronesia (tropical western Pacific Ocean), have experienced declining
fish catch, accelerated island erosion, and other challenges threatening the
sustainability of their traditional island culture. Responding to these concerns, the
Chiefs and Leaders of Falalop Island, Ulithi, enlisted the help of a small group of
marine ecologists in 2010-2011 to help them better understand and manage their
living coral reef resources. This applied research has gradually been extended, by
invitation, to other nearby islands. In 2013 it was also extended into deeper water to
assess fish stocks and coral health at “mesophotic” depths (between 30 m and 150
m deep). To facilitate this work, an additional science team with expertise in the
design and operation of small remotely operated robotic vehicles (ROVs) for
deepwater research was invited to help. This report describes work done by the
ROV Team during July of 2013 and summarizes key mesophotic reef observations
made with the ROVs during that time. It concludes with suggestions for future deep
reef research in Ulithi.

Introduction

Ulithi Atoll consists of a ring of about 40 small, low-lying islands, scattered along a
coral reef that encloses a large lagoon. It is located roughly 1500 km (900 miles)
east of the Philippines and about 660 km (410 miles) SW of Guam in the tropical
western Pacific Ocean. Although the total combined area of Ulithi’s islands is only
4.5 square kilometers (1.7 square miles), the central lagoon they surround has an
area of about 548 square kilometers (over 200 square miles). Inside the lagoon,
water depth averages about 30 m (100 feet), but outside the reef drops steeply to
depths of hundreds of meters.

Four of Ulithi’s islands - Falalop, Asor, Mog Mog, and Fassarai - are inhabited and
have a combined population of about 700-800 native Ulithians (2000 census). In
spite of significant changes brought about by WWII and earlier contact with
explorers, traders, and missionaries, the people of Ulithi today retain much of their
traditional island culture, including their native Ulithian language and heavy
reliance on their coral reef ecosystems for subsistence fishing.

Politically, Ulithi is an autonomously governed region within Yap State in the
Federated States of Micronesia, which is now a sovereign nation having a Compact
of Free Association with the United States.

Ulithi was heavily impacted by World War II. In 1944 the U.S. converted the atoll to
a huge naval base, and it became a staging area for major battles in Palau, the
Philippines, Okinawa, and Iwo Jima. During the US military occupation, the native
Ulithians were moved onto a single island (Fassarai), while Falalop, Mog Mog, and
other islands were cleared of vegetation and leveled for construction of runways
and other military facilities. Heavy, tank-like, tracked amphibious landing vehicles



(LVTs) were used extensively at the time by US armed forces to move troops and
equipment between water and were probably used on Ulithi, where they would
have damaged coral growing on the shallow reef flats surrounding the islands.

At the peak of military activity, over 700 ships were anchored in the lagoon. One of
these, the USS Mississinewa, a 553-foot long refueling ship was sunk in 1944 by a
Japanese manned kaiten torpedo. In 2003 the US Navy removed nearly 2 million
gallons of remaining oil and fuel from the wreck shortly after oil was reported to be
leaking from the ship.

In addition to physical alterations to the islands and reefs, WWII changed the
lifestyle of the Ulithian people. Although they retain many of their traditional ways,
motor boats, spear guns, and other modern technologies have moldified the way
people here fish to sustain their families. In most cases, the new technologies have
resulted in more intense fishing pressure on a smaller number of target species,
compared with more diffuse fishing pressures in the past.

Sea level rise associated with global climate change has also had a major impact on
these very low-lying islands. Rising salt water has displaced and contaminated much
of the thin freshwater “lens” normally found just beneath the surface of the sandy
soil, making it more difficult for the people to obtain fresh drinking water and to
grow their staple crops, such as taro. This has put additional pressure on the ocean
to supply the people’s dietary needs. Sea level rise has also increased the erosive
power of waves and is resulting in alarming rates of shoreline erosion from these
already tiny islands.

In response to these and other challenges, the Chiefs and Leaders of Falalop Island
formally requested the help of scientists from the Oceanic Society (California) to
help them merge contemporary science with traditional knowledge in an effort to
better understand and manage the living resources of Ulithi’s reefs. In 2011, a small
group of marine ecologists under the leadership of Nicole Crane responded to the
call and met with the islanders to learn more about their situation. The scientists
worked with the islanders to design studies that would enable them to assess the
state of their fish populations and the health of their coral reefs and to devise
effective ways of managing their threatened resources.

This collaborative effort, originally called the “Ulithi Marine Conservation Program,”
has evolved into a larger program uniting multiple islands through shared
conservation goals and is now known as “One People, One Reef.” Additional
information about this program, its scientific findings, and its management
recommendations can be found in the report titled “Initial Findings from the Ulithi
Reef Management Program, Ulithi Atoll, Yap State, Federated States of Micronesia,
2010-2013,” available at the following website:

http://ulithimarineconservation.ucsc.edu/wp-
content/uploads/2014/01 /report2013.pdf



http://ulithimarineconservation.ucsc.edu/wp-content/uploads/2014/01/report2013.pdf
http://ulithimarineconservation.ucsc.edu/wp-content/uploads/2014/01/report2013.pdf

In addition to expanding their work to other islands, the scientists recognized a
need to look in deeper water. Growing evidence gathered over the past couple of
decades has revealed that coral reefs extend far deeper than previously thought, and
that the ecology of these deep reefs - called “mesophotic coral ecosystems” or MCEs
because they are found in dimly lit tropical waters - may be tightly coupled with
that of shallower reefs, and vice-versa. Therefore, Ulithi’s more obvious shallow
reef ecology cannot be fully understood without also understanding its deep reef
ecology and the processes that connect shallow and deep reefs to each other.

With that in mind, the people of Ulithi, represented by John Rulmal, Jr., and Nicole
Crane’s team of scientists, invited a second small team of scientists (the “ROV
Team”) to help with the reef research at Ulithi Atoll. We are that team. During the
spring of 2013, we designed and built a remotely operated vehicle (ROV) specifically
to study Ulithi’s deep reefs. We then brought the ROV with us to Ulithi in July of
2013 for some initial field tests and preliminary deep-reef observations. The
remainder of this report describes our team, two ROVs we brought with us to Ulithi,
and the results of our initial deep reef observations.

The ROV Team

The ROV team (Fig 1) consisted of three people who designed and built the ROVs
used for this work. James McClure and Josh Ambrose are students in Professor Steve
Moore’s Ecosystem Electronics Lab (EEL) at California State University Monterey
Bay (http://eel.csumb.edu).

Figure 1: The ROV Team on Mog Mog Island (from left to right):
Josh Ambrose, James McClure, Steve Moore.

The ROVs

We brought two different ROVs to Ulithi: The “Catalina” ROV (Fig. 2) and the “Ulithi”
ROV (Fig. 3).


http://eel.csumb.edu/

Figure 2: The Catalina ROV.

The Catalina ROV (Figure 2) is a small, shallow-diving ROV limited to depths of 15 m
(50 feet). It was originally designed for educational programs at Catalina Island, off
the coast of southern California. The Catalina’s role in Ulithi was two-fold: First, we
used it to introduce ROV technology to the communities on Falalop, Asor, and Mog
Mog islands and to explain how the deeper-diving Ulithi ROV would enable the
community to learn about parts of their reef that are too deep for them to explore in
person. Second, we used the Catalina ROV to document some of the shallow reef
survey work being done by the main project scientists.

Our deeper diving ROV (Figure 3) is called the “Ulithi ROV,” because it was custom
built to record video observations in the mesophotic zone of Ulithi’s deep reefs. It
can operate to a maximum depth of 150 m (500 feet). It is equipped with two high-
definition video cameras (one forward-facing and one downward-facing) as well as
high-intensity LED lights to provide enough light for the cameras at depth.
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Figure 3: The Ulithi ROV



A battery box located along the tether 10 m from the Ulithi ROV provides extra
power for the ROV thrusters and lights while doubling as a “clump weight” to keep
the ROV positioned more-or-less directly beneath the boat. The ROV’s depth sensor
was not working during these dives, but we were able to use distance markings on
the tether to determine the depth of the battery box and from that estimate the
depth of the ROV.

Community Engagement with this ROV Research

We conducted this ROV work at the invitation of the native people of Ulithi and for
the purpose of providing them with additional information about their reefs. They
were interested in knowing more about the ROVs, how they worked, how we were
using the ROVs, and what we were finding. This section of the report summarizes
ways in which we shared, and continue to share, this ROV work with the community
on Ulithi.

Early in our July 2013 visit, we took our Catalina ROV to village meetings with the
communities on Falalop, Asor, and Mog Mog islands. At these meetings we passed
the Catalina ROV around so people could see a small ROV, handle it, and ask
questions about how ROVs work and how they would be used to learn more about
Ulithi’s reefs (Fig 4). The Catalina’s small size and robust construction made it ideal
for this “show and tell” activity.

Figure 4: Residents of Mog Mog take a close look at the Catalina ROV during a community meeting.
Photo by Steve Moore.

On days when we had the Catalina ROV out documenting the shallow coral reef
survey activities being done by the main science team, or exploring other shallow
reef areas or wrecks, we invited our boat drivers and others on the boat with us to
pilot the Catalina ROV (Fig 5). This gave them a better sense of what an ROV is, how
it operates, and what it can contribute to an understanding of reefs.



Figure 5: The Catalina ROVapproache a wreck near the island of Asor. During this dive, the ROV was
being piloted by a Ulithi resident (Lawrence, our boat driver). Photo by James McClure.

Prior to the departure of the science team and ROV team from Ulithi, we set up a
large computer monitor on Falalop Island and presented preliminary results of the
work both teams had done during their visit. This presentation included video clips
from our deep dives to give the islanders a sense of what their deep reefs looked
like. The presentation was attended by over 50 people, and judging from the rapt
attention they gave the video clips, our ROV dives provided worthwhile information.

We have posted video clips from our deep dives on the One People One Reef
website. Since most people on Ulithi do not have access to the Internet, we will also
be sending these video clips to Ulithi on CD and thumb drives, so the community
there can see them.

This report continues our effort to communicate our results to the people of Ulithi.
We will send hardcopy with the main science team when they return to Ulithi in July
of 2014. We invite the people of Ulithi to respond with questions, comments, and/or
requests for additional information or research.

Deep Dive Observations

Due to technical problems with our newly designed Ulithi ROV, we were able to
complete only three deep dives during our visit. The first deep dive was on a fore-
reef slope near Falalop Island. The second was on a fore-reef slope near Asor Island.
The third was on the wreck of the USS Mississinewa. The remainder of this report
summarizes what we observed during those three dives.



Deep Dive #1: “Ulithi Adventure Lodge Wall”

Date

07 July 2013

Dive Location

GPS: 10°0.730’N, 139° 47.248’E.

Approximately 240 m (790 feet) SW of Ulithi Adventure Lodge,
Falalop Island. GPS coordinates were estimated after the fact, but
are believed accurate to within 10 m.

Figure 6: Google Earth image showing éstimd.téd Iocatioh_c;f first deep dive
(yvellow pin labeled “Ulithi ROV UAL Dive”) near Falalop Island. The main
building visible on shore is the Ulithi Adventure Lodge.

Maximum ROV
Depth

45 m (150 feet).
(Note: Dive was terminated early due to technical problems with
the forward camera.)

Useful video
recorded below

Forward Camera = 36 minutes
Downward Camera = 65 minutes

10 m depth
General Site This site is on the SW (lee) side of Falalop Island, near Ulithi
Description Adventure Lodge, where the reef flat is about 150 m wide. A

broad sloping sand patch with several emergent coral outcrops
bisects the main reef crest at this location. The sand slope ends at
a depth of about 20 m, at which point the reef drops off in a near
vertical wall to a depth of about 40 m. Near the bottom of the
wall, a narrow ridge of coral projects seaward, roughly
perpendicular to the wall. A distinctive, round coral boulder,
about 2 m (6 feet) in diameter is perched on top of the ridge
where it meets the wall. From the bottom of the wall, to either
side of the ridge and continuing below it, an apron of sand and
coral rubble slopes seaward to an estimated depth of at least 60
m (200 feet). We could not see beyond that depth.




Key Observations and Impressions from Dive #1:

There is substantial sand accumulation in this area, even on the vertical walls
(Figs 7-9). Indeed, the area seems “saturated” with sand; it is almost everywhere
at its angle of repose, so you couldn’t add more without it sliding off.

Very few live reef-building scleratinian (i.e., stony) coral colonies large enough
to see in the camera images were observed below the sand slope, though we saw
one large (estimated 0.4 m across) plating colony (possibly Leptoseris spp.) at
about 45 m depth growing on the sand/rubble apron south of the ridge (Fig 12).
Sea whips, a form of octocoral, were moderately common throughout the dive,
being present on the wall, boulder, ridge, and sand/rubble apron (Fig 8). Sea
fans, another type of octocoral, were less common; there were concentrations of
them in places on the wall, and on the boulder at the base of the wall.

Fish were present and diverse throughout the dive; however, most species were
small in size and seen individually or in small numbers close to the reef. The only
significant schools we observed were a loose group of maybe 100 Thompson’s
Surgeonfish (Acanthurus thompsoni) distributed widely over the wall, 10-15 red-
toothed triggerfish (Odonus niger) foraging near the top of the wall and a mixed
group of about 15-20 fusiliers (possibly the Blue-and-gold fusilier, Caesio teres,
and the Double-line Fusilier, Pterocaesio digramma) above the sand/rubble
apron at about 45 m - 50 m depth.

A piece of corrugated sheet metal was resting on the sand/rubble apron just
north of the ridge, near the base of the wall.

Image Gallery from Dive #1:
The following are some representative images cropped from single frames of ROV
video recorded during this dive.

igue 7: This pictu shows the ROV’s battery box suspended at a depth of approximately 20 m, where

the sloping sand patch ends at the top of a steep vertical wall. This view is looking roughly south along
the face of the wall



Figure 8: A sea whip in close-up frames a loose school of red-toothed triggerfish (Odonus niger)
foraging for plankton in this view looking north along the sand-coated wall below the sloping sand

patch.
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rowing on the wall. There were a few of these, but they were widely
separated. There were more of them deeper on the sand/rubble apron. The white area surrounding the
coral was typical of the wall and consisted of a loose shag-carpet-like layer of algae that trapped sand.



Figure 10: This image shows the bottom of the vertical wall (top of photo), the ridge that projects
outward from it (left half of photo), and the sand/rubble apron below the wall (center of photo). Note
the distinctive round boulder atop the ridge and the sand/rubble apron sloping seaward away from the
bottom of the wall. The boulder is estimated to be about 2 m (6 feet) in diameter, and the ridge is about
6 m (20 feet) from top to bottom. The ridge and boulder form a distinctive feature that should make it
possible to positively identify this site in the future. This will allow us to revisit it and compare video
records for evidence of change in sand distribution, species composition, coral colony size, etc.

Figui‘e 11: The ROV’s video lights reveal a prousion of coloful marine invertebrates and some algae
growing on the narrow ridge projecting seaward from the wall. The diverse life in this image includes
soft corals, sponges, hydrozoans, tunicates, and crinoids (feather stars) as well as some algae.



sand/rubble apron adjacent to the narrow ridge. The depth here is about 45 m (150 feet). This same
plate coral colony is visible in about the center of the right half of the photo in Figure 10.

Figure 13: This view of the sand/rubble apron was taken by the downward-looking camera. It reveals a
variety of octocorals, including sea whips and branched gorgonians growing on the solid substratum at
a depth of about 50 m (165 feet).



Deep Dive #2: “Asor Wall”

Date

09 July 2013

Dive Location

GPS: 10° 1.417’'N, 139° 46.205’E.

This is a steep drop-off at the edge of a reef flat south of
Asor Island. The GPS location was estimated after the fact
and is only approximate. Actual location could be as much
as 150 m E or W of that location along the dropoff.

Ulithi ROV'Asor DIVe I i A
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Figure 14: Google Earth image showing approximate location of second
deep dive (yellow pin labeled “Ulithi ROV Asor Dive”) near Asor Island.

Maximum ROV Depth 150 m (500 feet).

Useful video recorded | Forward Camera = 48 minutes

below 10 m depth Downward Camera = 54 minutes

General Site This site is on the S side of Asor Island, along the dropoff,
Description and slightly west of where the waves break on a calm day.

The reef flat here is about 250 m wide. Most of the fore-
reef slope here is remarkably steep, with sections of
vertical wall alternating with sections of very steep slope.
Below about 120 m, it appears to drop in a dramatic
vertical wall to at least 170 m (560 feet).

Key Observations and Impressions from Dive #2:

e Although there is no obvious large sand patch directly above this wall to provide
a steady supply of sand, this dive site still has quite a bit of sand accumulation;
sand is at its angle of repose on many ledges, and views through the downward
camera are dominated by sand.

e Compared with the UAL Wall (Dive #1), this wall had much more “luxurious”
invertebrate life growing on it. There were comparatively dense stands of sea
fans, as well as other gorgonians, whip corals, and other antipatherians. Colorful
sponges, tunicates, alcyonarians, and other invertebrates coated the walls.




e As with the previous dive, reef fish were consistently present and diverse, but
most species were small and found in small numbers.
Large fish seen include a silvertip shark, gray reef shark, and three trevally.

e Halimeda, a photosynthetic calcareous algae is fairly abundant on the wall all the
way down to at least 95 m depth.

e We obtained what we believe to be a new depth record for the Clown
Triggerfish; our ROV cameras recorded one at approximately 125 m depth.

Image Gallery from Dive #2:
The following are some representative images cropped from single frames of ROV
video recorded during the Asor Wall ROV dive.

F
Figure 15: This image, taken at a depth of approximately 40 m (130 feet), reveals a mix of soft corals
and plate-like, hard, reef-building corals growing on a steep slope with lots of ridges, pockets, and other
relief. Note that sand is present on the horizontal surfaces, but it is not at its angle of repose and does
not appear to be a thick accumulation.



Figure 16: This image, taken at a depth of approximately 50-60 m (200 feet) shows the rough, textured
relief of the steep fore-reef wall. Note the abundance of large sea fans and other coral species. Also note
the dusting of accumulated sand on horizontal surfaces.

Flgure 1 7 A platmg coral ( posszbly Leptoslerls spp) some soft corals, spo'nges and algae ( mcludmg
Halimeda spp near lower right) are visible, along with small sand patches, in this close-up image of the
steep reef wall taken at a depth of approximately 60 m. The area covered in this image is about 0.5m
wide.




Figure 18: This close-up of the Asor Wall was taken with video lights on at a depth of about 95 m (300
feet). It reveals that the wall here was covered with a striking diversity of colorful marine invertebrates
including sponges, tunicates, and several types of soft corals. There was also at least one genus of algae
(Halimeda) known to inhabit deep reef ares.

Figure 19: This image of a Silvertip Shark circling the ROV was captured at a depth of approximately 95
m (300 feet). We also recorded video of a Gray Reef Shark swimming past at a depth of about 30 m (100
feet) during the ROV’s return to the surface.



Fig 20: The ROV’s downward-looking camera captured video of this clown triggerfish at a depth of
approximately 125 m. To the best of our knowledge, this is a new depth record for this species, which
has a published maximum depth of 75 m. Note the prevalence of sand (light colored areas on reef). This

was typical of the downward camera views, because they emphasize the upper surfaces of ledges where
sand tends to collect.
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Figure 21: A trevally swims past the ROV at a depth of 150 m. The ROV’s lights were off during this
image, revealing the dim blue ambient light that reaches this depth during the day.



Deep Dive #3: USS Mississinewa

Date

10 July 2013

Dive Location

GPS: Not recorded, but local people know the location of
this historic WWII wreck.

Maximum ROV Depth 30 m (100 feet).

Useful video recorded | Forward Camera = 20 minutes

below 10 m depth Downward Camera = 41 minutes

General Site This site is the wreck of the USS Mississinewa, a 169 m
Description (553 feet) long US Navy fuel resupply ship sunk during

WWII. The wreck lies on a flat sand bottom near the center
of the lagoon, where the depth is about 40 m (130 feet).
We dove the ROV on the aft portion of the ship, which is
resting upside down on the bottom.

Key Observations and Impressions from Dive #3:

e The number of fish we saw during this dive far surpassed the other deep dives,
with large, mixed schools of fusiliers containing thousands of individuals
swimming in the water next to the wreck.

Fish diversity was also high.

e The propellers are covered with a significant growth of sizeable coral colonies
and other invertebrates; however, there is comparatively little growth of large
corals, sponges, or other invertebrates on the hull, keel, or rudder.

e The bottom here is comparatively flat and featureless. The ship stands out as a
distinctive “reef” in an area without other obvious relief.

Image Gallery from Dive #3:
The following are some representative images cropped from single frames of ROV
video recorded during the USS Mississinewa ROV dive.




Figure 22: Coral growth on the starboard propeller of the USS Mississinewa includes fire coral, bubble
coral, and others. Coral density on the propellers was higher than on the hull, which was largely devoid
of significant structure-forming invertebrate growth. The propeller is 4 m (14 feet) in diameter.

Figure 23: Based on the areas we observed with our ROV, the upturned hull n keel of the Mississinewa
has a few scattered coral colonies growing on it, but the majority of its surface is devoid of obvious
growth except for a thin, bumpy layer of what may be filamentous cyanobacteria or some small algae.




Figure 24: Close-up of propeller blade showing a Regal Angelfish (Pygoplites diacanthus) foraging
among fire corals, an alcyonarian, hydrozoans, tunicates, and other sessile invertebrates. ROV lights
were off, so everything looks bluish.

Figure 25: The Mississinewa supported large schools of fusiliers as well as an abundance of other fish
and invertebrate species..

Discussion

These three deep ROV dives offer useful insights into the current state of Ulithi’s
deep coral ecosystems. They also provide baseline information that can be used to
monitor changes over time, and they suggest a number of future research questions
that could be addressed to gain a better understanding of Ulithi’s reef ecosystems.

As you read the following discussion, it’s important to keep in mind that we
explored only three locations and conducted only one brief ROV dive at each site.
Therefore, our information represents only a “snapshot” in time, and a limited one
at that. Other deep locations around Ulithi may be similar to the ones we observed,
or they may be very different. Likewise, the number and types of fish and other life
we saw may remain more-or-less constant at each of these places, or there may be
dramatic fluctuations in abundance or species composition at each place over time.
We simply do not have enough observations yet to know if what we observed is
typical or unusual.



That said, these three dives do tell us far more than we knew before about Ulithi’s
deep reefs. The following sections summarize what we observed and what we think
it means.

Sand/Sediment

Rates of sediment deposition are an important factor in the health of coral reefs.
Most reef building corals have single-celled photosynthetic zooxanthellae living
symbiotically within their tissues. The zooxanthellae use energy from sunlight to
make sugars, which the corals use for energy to grow, reproduce, and secrete their
hard, reef-forming skeletons. Thus, these reef-building corals require access to
bright sunlight. Sediment suspended in the water column above the corals or
deposited directly on the corals blocks light and decreases the amount of energy
available to the corals for growth and reproduction. There are other types of corals
that do not depend on photosynthetic zooxanthellae for survival, but even these can
be harmed by excessive sediment. Sediment deposition can bury the feeding polyps,
which the corals use to extract tiny food particles from the water. Although most
corals have mechanisms, such as mucous secretion, to rid themselves of slow
sediment accumulation, these mechanisms can be overwhelmed in high-sediment
environments, causing the corals to starve. Sediment also brings with it additional
nutrients that enhance algal growth and may allow algae to outcompete corals in
otherwise nutrient-poor water. Thus, we would generally expect to see fewer corals
and/or less healthy corals in areas with lots of sediment. And, since thriving corals
provide good fish habitat, we might also expect to see fewer fish and lower fish
diversity in areas heavily impacted by sediment.

One distinct difference among the three sites was the amount of unconsolidated
sediment we saw accumulated on horizontal or near-horizontal surfaces. The site at
Ulithi Adventure Lodge appeared to be saturated with sand, or nearly so, because
accumulated sand was resting at its angle of repose on essentially every little ledge
or other horizontal surface. We could tell the sand was at its angle of repose by the
consistent angle of the sand slopes and the fact that we could incite tiny little sand
“avalanches” with even the slightest disturbance by the ROV, including gentle puffs
of water from the ROV’s thrusters. Of note, the thickness of the sand layer on the
ridge projecting out from the wall at the Ulithi Adventure Lodge site diminished
somewhat with distance from the wall, suggesting that most of the accumulated
sand is pouring over the wall from above rather than settling out gradually after
being suspended in the water column.

The Asor dive site also had a great deal of sand accumulation at all observed depths,
but it was not quite as saturated with sediment as the Ulithi Adventure Lodge site.
In some areas, sand had accumulated to the maximum possible extent on small
ledges (i.e., it was at its angle of repose), but in other places it appeared as merely a
light dusting of white sediment on horizontal surfaces.

The Mississinewa wreck, in contrast to the other two sites, appeared to have little to
no sand accumulation, even on large, perfectly horizontal surfaces, such as the



bottom of the upside-down hull. On one hand, this is not surprising; both the Ulithi
Adventure Lodge site and the Asor site are immediately adjacent to islands with
sandy shores that could provide a steady source of sand from above, whereas the
Mississinewa is located far from any obvious sand source, except the sand upon
which it rests. On the other hand, sediment generally tends to accumulate most
rapidly in areas with relatively little water motion and to get swept away in areas
with high water motion. The Mississinewa is inside the lagoon where it is somewhat
protected from storm surge and strong ocean currents. The other two sites are
exposed to open ocean outside the protection of the lagoon and might be expected
to experience more water motion. In the case of the Ulithi Adventure Lodge site,
this oceanic exposure might be mitigated by its location in the lee of the island, The
Asor site is less strongly shielded, being near the boundary between the windward
and leeward sides of the island.

Depth may also play a role. Deeper water tends to be calmer water, so sediment
tends to accumulate more effectively in deep areas than in shallow areas, which get
blasted clean by wave surge, especially during storms. The parts of the Mississinewa
that we explored with the ROV were only about 25-30 m deep, whereas most of our
Ulithi Adventure Lodge ROV observations were between 20 m and 45 m depth, and
our Asor dive observations were mostly between 25 m and 150 m depth. Still, these
ranges overlap in the 25-30 m range, and this difference in sediment accumulation
was strongly evident, even in that overlapping depth range.

It would be informative to measure sediment accumulation rates at each of the sites
and to ascertain the source of the sediment. It may be that the heavy sediment
loading seen at the two near-island sites is a relatively recent phenomenon
associated with accelerated rates of island erosion.

Indeed, a number of factors could be affecting sedimentation rates. For example,
they might be related simply to the presence of nearby islands, or they could be
dependent on windward vs leeward sides of an island, increased erosion due to sea
level rise, increased erosion due to WWII construction, or increased erosion caused
by current human activities To tease apart the relative contributions of each of these
possible factors, it would be informative to compare sediment loads and coral
communities among the following types of sites:

e Walls adjacent to islands that are inhabited AND saw heavy construction
during WWII (e.g, Falalop, Asor, Mog Mog)

e Walls adjacent to islands that are inhabited, but did not see heavy
construction during WWII (e.g., Fassarai)

e Walls on the windward side of uninhabited, undisturbed islands (e.g., the
Turtle islands?)

e Walls on the leeward side of unihabited, undisturbed islands

e Walls with no islands nearby (e.g., portions of the Ulithi atoll reef half way
between widely separated islands.)



Coral abundance and diversity

In most coral reef ecosystems, shallow, brightly lit waters are dominated by reef-
building corals, but as depth increases and sunlight intensity fades, these reef-
building corals give way to other types of corals (e.g., sea fans, sea whips, soft
corals), sponges, and other invertebrates that do not rely on sunlight for energy.
This expected pattern is the pattern we observed at Ulithi. At the reef crest near the
surface, snorkelers found abundant growth of reef-building corals, but during our
deep ROV dives, most of the exposed reef was covered in sea fans, sea whips, soft
corals, sponges, tunicates, and other organisms that do not directly depend on
sunlight for survival.

Within that generalization, we observed some interesting patterns. For example,
coral densities were lower on the vertical wall at the Ulithi Adventure lodge than
they were on vertical walls at the Asor dive site. This could be a consequence of the
particularly heavy sediment loading at the Ulithi Adventure Lodge site, which may
make it difficult for coral larvae to find hard substrate for attachment and for small
coral colonies to grow without being smothered by sand.

We also observed that sea fans were more abundant and more uniformly
distributed on the Asor Wall than on the wall at the Ulithi Adventure Lodge site,
where they tended to be concentrated along features such as the boulder and ridge
or cracks running up the wall. Sea fans are known to grow with the flat colony
oriented perpendicular to the dominant water flow direction; this has been shown
to maximize the eddy currents around the colony and bring more food particles to
the feeding polyps. Thus, sea fans provide a nice indicator of average water flow
direction at a site. Essentially all of the hundreds of sea fans we saw were oriented
in a vertical plane. Therefore, we can infer that the dominant current direction along
these walls is horizontal. This is not surprising, as it would be consistent with tidal
currents or other ocean currents flowing between the islands of Asor and Falalop.

Coral growth on the Mississinewa is different. The ship was sunk in 1944, which was
69 years before we visited it with our ROV. During this time remarkably few coral
colonies of any appreciable size have grown on the ship - at least the portions we
examined with our ROV. There are scattered coral colonies (mostly soft corals,
bubble corals, and sea whips) growing on the main hull (Fig 23) and a markedly
denser assemblage of larger coral colonies (including fire coral), sponges, and other
invertebrates on the propellers (Fig 24); however, the vast majority of the ship’s
surface (as far as we could see with our ROV cameras) lacks large colonies. Ship
hulls were (and still are) commonly coated with antifouling paints containing
copper compounds or other toxic chemicals to prevent the growth of marine
organisms on the hulls. This probably explains the lack of significant growth on the
Mississinewa’s hull.

Algae



The term “algae” is sometimes used to refer to the photosynthetic zooxanthellae
that live inside the tissues of certain corals, but in this section we are talking about
another common type of algae: macroalgae or “seaweed”.

Close inspection of places where sand had accumulated on the reef walls often
revealed that the sand was held in place by a meshwork of green-colored algae
resembling a shag carpet. Although we were unable to identify most of these algae,
the distinctive segmented shape of one genus - Halimeda - was clearly discernable
in many of our close-up video segments.

Interestingly, we saw Halimeda even at 95 m depth at the Asor dive site. This is
much too deep and dark to support most algal growth; however, some species of
Halimeda seem adapted to very low light environments are found routinely at
depths exceeding 200 m in clear tropical waters.

Fish abundance

While all three deep dive sites had a diversity of fish species present, the total
number and biomass of fish seen at the Mississinewa site was orders of magnitude
higher than at the other two sites.

There are several possible explanations for this, among them:

e Anisolated reef offering protection from predators in an otherwise vast
expanse of flat sand may concentrate both prey and predators on the wreck.

¢ In the presence of a disturbance, including an ROV, fish on a large reef may
flee to another area of the reef, whereas fish on a small, isolated reef (like this
ship) may concentrate even closer to the only cover available, keeping them
within view of the ROV’s cameras.

e There may be reduced fishing pressure at this site compared with the other
sites we visited, because it is much farther from populated islands. Fishing
here may also be actively avoided for other reasons, such as concerns about
toxic chemicals from the wreck or a desire to avoid disturbing this WWII
grave site.

e There may be less nutrient runoff, pollution, or other problems associated
with proximity to more populated areas.

Future Research

The observations made with our ROV have answered some basic questions about
“what’s down there” on Ulithi’s deep reefs. However, like most research, they have
raised more questions than they answer. The following are examples of possible
research questions, both basic and applied, to address in the future:



¢ How do the abundance and types of fish and invertebrates differ on different
deep reefs around Ulithi? In particular, how are these things influenced by
proximity to: Islands? Inhabited islands? Fishing grounds? Islands that saw a
lot of construction during WWII?

e What factors affect the amount of sediment accumulating on Ulithi’s reefs,
and who does that sediment influence the abundance and types of life living
on those reefs?

e How do deep reefs on the windward side of Ulithi Atoll differ from those on
the leeward side?

¢ To what extent are the species found on Ulithi’s deep reefs identical to,
similar to, or completely different from those found on Ulithi’s shallower

reefs?

e Could the deep reefs provide alternative, sustainable food sources for the
people of Ulithi?

e Would baited underwater video camera stations provide a more convenient
and accurate tool (than ROVs) for assessing fish stocks?

e To what extent do processes on Ulithi’s shallow reefs affect its deep reefs,
and vice-versa?

e C(Can the deep reefs provide a “refuge” for sensitive species that are
disappearing from shallow reefs?

e Are there any invasive species displacing native species on deep reefs?

e Did WWII have lasting impacts on Ulithi’s deep reefs, and if so, what are
those effects?

e Are there deep coral reefs within the Ulithi lagoon?

e How are Ulithi’s deep reefs similar to other deep reef ecosystems around the
world? How are they different?

The ROV observations we made, and more systematic ones in the future, could be
used as baseline data for monitoring to detect changes such as:

¢ Changes in the rate or location of sediment accumulation
e Changes in the abundance or distribution of native species
e Arrival and spread of invasive species



Finally, studies of Ulithi's deep reefs may contribute to the growing body of
information about Mesophotic Coral Ecosystems (MCEs). So far, MCE’s have
received little scientific study, simply because they are difficult to access without
advanced technology. Most of the MCE research that has been done to date has
taken place in the Caribbean; comparatively little is known about Indo-Pacific MCEs,
like those in Ulithi.



