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Preface

“Marine Environments of Palau” has been nearly seven years in preparation. This work
began in 2002 as a brief attempt to document the marine environments of Palau as part
of Palau’s National Biodiversity Strategic Action Plan (NBSAP) under the United Nations
Convention on Biological Diversity. Funding to prepare this initial report, completed in
2003, was provided by The Nature Conservancy through their support of developing eco-
regional planning for Palau. It was then decided that a more extensive treatment would be
useful and include information available in both the scientific and popular literature, as
well as incorporating what had been learned during ten years of field work by the Coral
Reef Research Foundation (CRRF) in Palau.

CRREF, a non-profit organization dedicated to increasing knowledge of tropical marine
ecosystems worldwide was formed in 1991 by a group of marine scientists. It has held the
U.S. National Cancer Institute’s (NCI) marine collection contract since 1992, facilitating
much of this field work. CRRF began marine research in Chuuk in 1993 and moved its base
of operations to Palau in 1995 with completion of a laboratory and field station. The work
for the U.S. NCI continues to this day and has been the basis for development of the present
volume. It is intended that this volume be the first of a series of more detailed treatments of
the marine fauna and flora of Palau and nearby regions resulting from the NCI work.

In 2004 the Government of Spain’s Agencia Espanola de Cooperacion Internacional
para el Desarrollo (AECID) funded a grant to the Palau National Government, admin-
istered by the Palau Conservation Society, entitled “Empowering Local Communities to
Promote, Enhance and Protect Marine Biodiversity.” The goal stated in the title was to be
accomplished through greater access to needed information, greater capacity for marine
resource-use planning and through information dissemination. The printing and distribu-
tion of the present volume was supported under this project.

Although I had spent most of my adult life living on and visiting tropical islands as part
of my research in tropical marine biology, I had never visited Palau until 1993. I had spent
time in a number of the most highly esteemed areas of the world, and anticipated that
while beautiful, Palau would simply be another island group in the uppermost tier of tropi-
cal marine locations. How wrong I was! My first morning in Palau, I was treated to an ex-
tensive boat trip through the Rock Islands near Koror. Though magical above water, I had
never seen anything quite like the lush coral communities along the steep slopes and walls
of the inner Rock Islands. The veritable maze of islands and channels with some new vista
at every turn was remarkable. The communities on the reef flats around the islands and
extensive sea grass beds were equally impressive and a visit to a marine cavern revealed
an entirely new fauna to me. Quickly I realized that this was not “just another island” but
that the Rock Islands and many other areas of Palau were unique, exceeding any other area
I had ever visited in their biological and oceanographic complexity in such a small area.
That one could spend many lifetimes of documenting and studying interesting creatures
and environments was apparent.

Palau has been the subject of a vast number of articles in popular magazines and books,
mostly concerned with sport diving; showcasing sharks, turtles and other “charismatic
megafauna’, as well as impressive walls and caverns. There is a huge gulf between popular
attention devoted to the impressive dive sites (much less than 1% of the marine areas of
Palau) and the vastly larger and in many ways more fascinating remainder of the marine
environments. While “Blue Corner” may be regarded as the “best dive site in the Pacific,”
the areas that Palauans use on a daily basis as a source of food are poorly known by the
outside world. In some respects, these large areas lack the dramatic appeal of the major
dive sites, but are the critical areas for biodiversity conservation and fishery management.
Even the most mundane area just off the shore of islands around Koror can hold fascinat-
ing creatures that are going about their lives as they have for millions of years.

As a foreigner in Palau, it is apparent that there are many aspects of the marine envi-
ronments here, particularly those concerned with the cultural relationship between hu-
mans and their resources, that I will never be privileged to understand. Without growing
up within the culture using the resources, with all the subtleties of language and interac-

tions among resources users, it is nearly impossible for an outsider to totally comprehend
the meaning of it all. Future work on these aspects of Palau’s marine environment needs
to be left to the growing cohort of young Palauan biologists to document and analyze for
future generations. In this volume I have used “Palau” for the name of this island group,
the English equivalent of “Belau” in the Palauan language. Palau is the name by which the
country is known in the international community, within the United Nations and in the
vast majority of published literature in English, so is used here.

This work is dedicated to two true Palauan men who have been instrumental in in-
creasing knowledge of Palau’s marine environment. Ngiratkel Etpison, former President of
Palau and founding Chairman of the NECO group, grew up during the Japanese adminis-
tration of Palau and after WWII started one of the largest commercial companies in Palau.
The development of this business infrastructure facilitated Palau’s development of tourism
and other sources of economic support while retaining its innate natural resources and
beauty. He was critical in the establishment of CRRF’s research facility in Palau and was a
strong supporter until his death in 1997. His son, Mr. Shallum Etpison, has continued this
tradition and has been an ardent supporter of increasing cultural and scientific knowledge
of Palau on many fronts. Many of his efforts in this regard are not widely known to the
general public, but his enthusiasm and passion for all things Palauan runs deep and true.

Patrick L. Colin, Koror, Palau
6 January 2009

Reproduction and printing of this volume provided by AECID
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CHAPTER

Introductory Materials

The Palau Islands have, within their relatively small area, probably as great a diversity of
tropical marine habitats as any comparably-sized area anywhere in the world. The marine
environments of this exquisite island group, found in the western North Pacific Ocean at
the western end of the Caroline Island chain, have been the subject of numerous popular
books (Faulkner 1975, Johannes 1981, Etpison 1998, 2004). Palau is a particularly desired
destination for divers and snorkelers. Palau is located on the northeastern margin of the
Coral Triangle (Philippines, Indonesia, eastern Malaysia, Papua New Guinea); due to its
separation by open ocean from other major reef areas, it provides scientific insight into the
processes of evolution, maintenance of biological diversity, and dispersal ability of marine
organisms.

This volume describes and classifies the shallow water tropical marine environments of
Palau for purposes of education, management, and conservation. Emphasis will be placed
on the various species which characterize each habitat or community, the physical environ-
ment in which they live, and the distribution of these elements within the overall marine
environment. Species and environments of special concern for current or possible future
conservation are discussed more fully. A summary of the status of taxonomic knowledge
of marine life in Palau and the status of various marine environments is included. To do
this, I have relied on published information, unpublished records, personal observations,
and the observations of others. Since most habitat zonation present in shallow waters is
not readily apparent from the water’s surface, I have illustrated these habitats with aerial
and satellite photographs, as well as underwater photographs. Most marine environments
have a characteristic appearance when viewed from above, although the individual organ-
isms present in them may not be visible. Differences, discerned either through computer-

Figure 1.1 Toachel Ngebard is a
channel between ocean and lagoon,
on the northwestern barrier reef of
Palau. This channel shows the beauty
and diversity of Palau’s marine en-
vironments. Its clear water displays
a multitude of colors, changing with
ocean depth, and provides a home to
the many species and communities
present on the bottom.
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controlled analysis or visible to the sensitive human eye,
are used to distinguish between these environments and to
map habitat distributions. While remote sensing eventual-
ly will permit us to use satellite or aerial images to map and
detect habitat changes rapidly, such technical discrimina-
tion is limited at present. If computer analysis of satellite
images is not verified by extensive ground-truth surveys,
the conclusions derived from such may be insufficient or
incorrect. The discrimination of the human eye has yet to
be equaled by computer treatment of remote sensing im-
ages; hence, low-altitude aerial images and ground-truth
verification play a critical part in any attempt to identify
and characterize marine habitats.

Palau has so many different types of marine habitats
that it is difficult to differentiate these into discrete envi-
ronmental units. Many habitats gradually transition from
one to another. Most methods of habitat mapping require
somewhat arbitrary divisions, which tend to mask the
overall complexity and intergradations found in nature
(Fig. 1.1). In addition, when considering specific organisms
rather than environments, we often find that many spe-
cies are not distributed evenly over what seems to be their
preferred habitat; their distributions are patchy and unpre-
dictable. This almost capricious nature of tropical marine
organism distribution makes habitats interesting and oc-
casionally surprising. Environments, of course, can be sub-
divided into progressively narrower categories almost ad
infinitum. Although biological and physical justifications
for these divisions are sometimes evident, excessive subdi-
vision ultimately makes habitat categorization impossible.

Most place names used in this volume are taken from
the USGS topographic map series for Palau. Although
there are often variations in spelling of place names, us-
ers can best identify sites mentioned in text or on maps by
using the place names provided by USGS. If another name
source is used, it will be identified. Palauans have many
names for specific areas of reefs and islands, but in general
such names are not used in this volume, because there is, as
yet, no published gazetteer listing Palauan place names.

Where is Palau?

The Republic of Palau is located in the western Pacific
Ocean. It is the westernmost archipelago in the Caroline
Island chain. The main island group of the Republic has
one relatively large volcanic island (Babeldaob) and a group
of smaller coral reef associated islands centered at about
7°N and 134°E; all stand on a single shallow platform. The
shallow-water area of the platform within the barrier reef
is larger than the total area of the islands within the main
group. In addition, the main archipelago includes two atolls,
one oceanic island, and a submerged reef bank. Palau as
an administrative unit includes five small oceanic islands
and one coral atoll, which are found at a 300-500 km dis-
tance to the southwest (Chapter Introduction Facing Page).
These Southwest Islands are relatively inaccessible. I have
not included the Southwest Islands in this volume because

their remoteness from the main group has limited what
has been published regarding their marine environments.
One hopes that the complexity and beauty of these islands
and atoll will be described soon.

The Republic of Palau is bordered by the Federated
States of Micronesia to the east and north, the Philip-
pines to the west, Indonesia to the southwest, and Papua
New Guinea to the southeast. It is just northeast of the
area called the Coral Triangle, containing the Philippines,
Papua New Guinea, Indonesia and eastern Malaysia. The
Coral Triangle has the highest diversity of shallow-water
marine species in the world. Palau is separated from the
Coral Triangle by open water barriers of several hundred
kilometers, which limit the exchange of marine species be-
tween these areas. As a result, Palau’s roster of species is a
subset of species found inside the Coral Triangle. It has less
species richness. Those species or groups that occur in the
Coral Triangle, but are not found in Palau, provide insight
both into the oceanographic dispersal of larvae and adults
and into the geologic history of the region. Relatively few
marine endemic species are found in Palau. The open water
barriers surrounding Palau, while hundreds of kilometers
in extent, apparently allow enough genetic interchange to
prevent formation of endemic marine species within Palau.
For most species, the genetic connection would presum-
ably be sustained through dispersal of planktonic larvae.

The geological complexity of Palau supports a broad as-
sortment of marine communities, inhabited by the diverse
species mentioned above. With perhaps the exception of
underwater volcanic lava and black sand slopes, Palau has
nearly every shallow water marine habitat found within the
Coral Triangle. The somewhat reduced species diversity of
Palau, when compared to the Coral Triangle, probably has
more to do with the isolation and open water barriers that
separate it from the Coral Triangle than a lack of suitable
habitats for marine species.

General geology of Palau

The Palau Islands were formed by the accumulation of both
volcanic materials and organically produced (biogenic)
limestone, arranged variously as volcanic islands, high
limestone islands, low platform islands, and coral atolls.
Volcanic islands are basalt and include most of the large
island of Babeldaob, Arabesang, part of Koror, and some
adjacent smaller islands. The high limestone islands, called
the Rock Islands, are uplifted and eroded ancient reefs;
they are found from southern Babeldaob and Koror to Pele-
liu. Low platform islands are limestone and include Angaur
and most of Peleliu. The atoll islands are limited to Kay-
angel and Ngeruangl in the north of Palau. Basaltic rock
undoubtedly underlies the entire group, but it is covered, in
most places, with a limestone layer of unknown thickness.
A few islands near Koror have both basalt and limestone
formations on their surface.

The Palau islands are part of an arc-trench system be-
tween the Philippine and Pacific Plates. Palau sits near the

southern end of a generalized submarine ridge system
called the Palau-Kyushu ridge. While the ridge runs north
across the Philippine plate, the trench system, which is
deeper than the general ocean floor, veers east from Palau
and away from this ridge (Fig. 1.2). Other island-arc sys-
tems to the north in the western Pacific include the Mari-
anas and the Bonin-Izu systems. Although much of the
Palau-Kyushu Ridge top is thousands of meters deep, it sits
like a small mountain barrier between the deeper Parece
Vela Basin to its east and the Philippine Basin to the west.
Overall, the deep-sea topography in the vicinity of Palau is
complex. Just to the east of the Palau Islands is the Palau
Trench, over 6000 m deep along much of its length, with
maximum depths near 8000 m. To the west of Palau lies
ocean bottom at around 4000—-5000 m.

The Palau-Kyushu ridge formed roughly 65-70 million
years ago, at a time not greatly predating the formation of
the Palau Islands themselves. Erupted material on the ridge
was largely basalt, andesite, and dacite, produced at irreg-
ular intervals during the Eocene and probably Oligocene.
Volcanic activity ceased about 20-25 million years ago
(Miller et al. 1989). Most of the volcanism was submarine,
and the Palau Islands did not reach the surface until sub-
sequent uplift occurred. Once uplifted into shallow water,
calcium carbonate was deposited on the volcanic basement,
primarily through the growth of reef-building corals and
calcareous algae. These processes produced the organic
limestone which sits atop the volcanic rocks today.

The general structure of the volcanic rocks underlying
Palau was formed by successive eruptions and accumu-
lations. The position of volcanic sources and amounts of
materials produced varied considerably, resulting in an
irregular surface that underlies the complexity of Palau’s
islands and reefs. Much of the eruptive activity occurred
beneath the sea. Submarine landslides were common, re-
sulting in considerable deformation of what may be called
proto-Palau. Tectonic activity during and after eruptions
caused additional deformation of the volcanic formations.
In Airai State, on Babeldaob, faults are commonly noted,
some with displacements of several meters (Miller et al.
1989). Babeldaob, described in the simplest terms, “consists
of a central strip of oldest volcanic rock, overlapped on the
east by the next younger unit, and separated by a fault zone
on the west from the youngest volcanic rocks which are
arranged in a rough circuit around a former caldera, Kara-
mado (Ngermeduu) Bay” (Corwin et al. 1956). Tectonic ac-
tivity around Palau is now low. The occasional earthquakes
are minor and not particularly strong. Although vertical
displacement of the islands is now minimal, it is still be-
lieved to occur slowly (Dickinson and Athens 2007).

Volcanic material is largely breccia and interbedded
tuff, with variations of each type comprising the several
different formations exposed on land. The formations on
Babeldaob are distinguished by mineral contents and trace
fossils (Corwin et al. 1956). The Babeldaob formation, for
example, is massive basaltic-andesitic volcanic breccia,
with tuff breccias, and layers of interbed tuff. It is prob-

Figure 1.2 Upper: The western Pacific Ocean has a complicated bathymetry,
with a number of ocean ridges and trenches, shown in this image courtesy of
Drs. Walter H.F. Smith and David T. Sandwell. Palau is found on the Palau-Kyushu
ridge, which runs from Kyushu Island in Japan nearly to the equator. The area
indicated by the white box is shown in more detail in the lower panel. Lower: The
bathymetry of the Palau region of the western Pacific Ocean, from Yap through
the southwest islands of Palau, is shown in this map. The Palau and Yap trench-
es are visible, east of each island group, as dark blue. The southwest islands of
Palau are part of the Palau-Kyushu ridge, which runs northeast-southwest.

ably 600 m thick, although it may reach as much as 1500
m in places. It has numerous fractures, faults and dips. No
trace fossils have been found, but it can be placed as Eo-
cene. The Aimeliik formation has trace fossils of foramin-
iferans known to be of Eocene age, allowing its age to be
more closely established. It also has some pieces of organic
shallow-water limestone mixed in the breccias, which sug-
gests that accumulated reef rock was disrupted between
eruptions (Corwin et al. 1956).
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Figure 1.3 (A) Millions of years ago this area was underwater when an eruption
produced pillow lava, which is exposed in this road-cut on Babeldaob Island.
The individuals in the photograph provide a scale for the size of the pillows. The
rock has been weathered into soil down to the level just above the pillow lava.
Erosional grooves can be seen. (B) The individual lava pillows from this eruption
are rather fragile inside their bulging skins. (C) The pillows are truly bulbous in
nature: notice the forms protruding out from the road cut. Such pillows must
underlie much of volcanic Babeldaob.

Development of rock quarries and road cuts as part of
the Palau Compact Road project on Babeldaob have re-
vealed characteristics of
the volcanic rocks on Palau
that were previously un-
known. There are pillow
lavas, molten lava extruded
into open seawater where it
formed bulbous soft pillows
(Fig. 1.3), volcanic dykes,
intrusions, and other fea-
tures modified by the gen-
eral bending and fracturing
of Palau’s volcanic strata
by tectonic forces (Fig. 1.4).
The geology of Babeldaob
and Palau in general is sore-
ly in need of comprehensive
study, as the island group
could tell a superb story of
basaltic island formation
and subsequent accumula-
tion of organic limestone
structures.

Palau is in an area with-
out back-arc spreading. It
has not been subjected to

Islands) submerged below the depths of coral reef growth
(Randall 1995). Randall has suggested that the stability of
Palau’s shallow water areas (not subjected to local species
extinction from subsidence) is one reason why Palau has

somewhat higher coral diversity than the Mariana Islands.

The consistent occurrence of shallow water environments
since its formation is certainly an important factor when
considering any questions of biogeographic history for the
group.

movement of crustal plates Figure 1.4 Features of basaltic rocks on Babeldaob Island. (A) A quarry in Ngchesar State has an extensive exposure

since its formation nor has

of basalt rocks. Individuals in the photograph provide scale. (B) Near-vertical pipes of basalt in the quarry; the hexagonal
structure of the basalt is clearly visible. (C) Joint in basalt rocks on Babeldaob. (D) Exposed basalts show veins of white

it been (unlike the Mariana material. (E) Road-cut exposure of basalt in eastern Babeldaob. Note the discoloration of the rock. (F) Volcanic breccia

exposed in a road-cut on Babeldaob.

Figure 1.5 The basaltic outcrops of Ngaremlengui State are evidence of long-
term erosion, which has reduced the elevation of Babeldaob greatly from its
maximum during the time of volcanic activity. (A) The peak shown here, Mt.
Ngerechelchuus (Etiruir), is the highest point in Palau, with an elevation of 213
m. (B) This exposed cliff on Etiruir is about 30 m in height; it consists solely of
sloping beds of volcanic debris from submarine eruptions.

Babeldaob was undoubtedly once much higher than it is
at present, with substantial
erosion occurring over mil-
lions of years. Its relatively
great age is reflected in its
rolling uplands and incised
streams, as well as its high-
est elevation of only 213 m
(700 feet), which is unusual
for such a sizeable volca-
nic island (Fig. 1.5a). Cliffs
resulting from differential
erosion of layer rocks occur
in areas characterized by
the Ngaremlengui forma-
tion, where coarse volcanic
breccias overlie finer, less
resistant breccias or tuffs.
The steep sides of Rois
Mlungui (Etiruir), with
their sloping bedded rock,
are one example (Fig. 1.5b).
Fractures and faults have
influenced the location and

Figure 1.6 Vertical view of Etiruir. Even at this high elevation, among the highest
in Palau, the rock is composed of a conglomerate of basaltic rocks, indicating
how much the surface of Babeldaob has been eroded over the eons. This type of
rock could only have formed due to downward movement of material.

Figure 1.7 This volcanic intrusion is found near the shore in Aimeliik State on Babeldaob. The eroded rock is solid basalt
and the shore is also volcanic rock. Most areas of Babeldaob have mangroves along the shore, growing in thick layers of

trend of many of these cliffs.  sediments brought down by streams and other drainage. The basaltic rocky shore terminates in dark shelves of rock just
off the shore. These shelves are not conducive to mangrove growth, so none occur there.
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The highest present-day el-
evations are formations
(Figure 1.6) composed of
material which would have
been deposited downslope
by submarine eruptions.
Basaltic intrusions also are
also found on Babeldaob.
They are not as high as
the eroding peaks of Rois
Mlungui, but they are still
easily identified by their
rounded exposed surfaces
(Fig. 1.7). Quarries are often
located at intrusions, as the
rock is suitable for crushing
to produce low to medium
grade basaltic aggregate for
construction.

The volcanic rock has
been extensively weathered
through the action of high
humidity and heavy rain-
fall; these processes have
produced a thick layer of
soil over much of Babeldaob
(Fig. 1.8). Several different
soil types exist on the is-
land, due to island size and
variation of source material.
In many places soils mask
the underlying rock, but
large rock outcrops, such as
the Rois Mlengui of Nga-
remlengui State (Fig. 1.5),
give evidence of the volca-
nic underpinnings. The red
soils of Babeldaob are read-
ily eroded by rain when
exposed by poor land-use
practices and burning of
the vegetation cover (Fig.
1.8a-c). Many soil slopes
are unstable and landslides
are relatively common;
slide scars are apparent in
many places. Construc-
tion of road-cuts for the
52-mile Compact Road on
Babeldaob exposed many
thick layers of soil and un-
stable lignite, making road-
cut slopes subject to failures
after heavy rains (Fig. 1.8d).

Useful minerals are

Figure 1.8 Soils on Babeldaob. (A) Red latritic soils underlay Babeldaob and when denuded, do not easily recover their
vegetation. (B) A baseball field in Melekeok, Babeldaob, shows how easily the red latritic soil erodes when exposed.
(C) This savanna area of Babeldaob contains an area burned by a bush fire; note the evidence of erosion where a previous
bush fire had stripped away the vegetation cover. (D) Landslide on a road-cut during construction of the Palau Compact
Road. There is a massive amount of soil on the side of the road-cut; it slipped downward and largely covered the new road.
Such road-cut areas are somewhat unstable, due to the presence of layers of lignite. Ground water perfuses such layers,
allowing the overburden to slip sideways.

Figure 1.9 Road-cut features on Babeldaob. (A) This dark lignite bed was exposed in a road-cut in Airai, on Babeldaob.
(B) Close-up view of lignite exposure showing its friable nature, which does not provide much geological strength.
(C) An area where the lignite has been exposed for a long time (decades) and has become highly weathered and reduced
to small flakes. (D) Gray clay, suitable for pottery, is exposed in this road-cut on Babeldaob. This view shows a layer of
lignite overlying the clay.

found in some areas of Babeldaob. Lignite, the intermedi- Babeldaob (Fig. 1.9) and was used by the Japanese before
ate between peat and coal, occurs in moderate quantity on W WIL They ascertained that the quality and quantity of

Figure 1.10 (A) The highly eroded land of Babeldaob has produced broad alluvial beds along much of the shoreline. This

river mouth (the Ngatpang River in Ngeremeduu Bay) is typical of those found on Babeldaob, featuring a broad fringe of .

mangroves lining the river as it go