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INTRODUCTION 

Historical Dackground 

DR L. G. ELDREDGE 
616 MILOKAI STREET 
KAILUA. HI 96734 

Kosrae's first European contact occurred in 1824 when Louis 
Duperrey anchored the corvette "Coquille" at .... hat was to be called Okat 
Harbor (or Coquille Harbor). The first report 1of Kesrae (Fig. 1) was 
that of Lesson (1824) who wrote a general statement of the island and 
the harbor and included comments on the marine animals found in the area. 
In 1827 the ship "Senyavin, " captained by F. Lutke, visited Kosrse, and 
the ship's naturalist F. H. Kittlitt reported on the plants and animals 
for the island (Lutke 1835) . Dumont d'Urv1l1e. a naturalist with 
Duperrey, visited Kesrae later and discussed 511me natural history 
aspects (d'Urville 1835). In 1880 the German naturalist Otto Fiosch 
visited Kosrae and wrote several naturalist-oriented articles (Fiosch 
1880). The most extensive study, although maidly anthropological , of 
Kosrae .... as carried out in 1910 by E. Sar£ert . ]ThiS report , published 
in 1919, appeared after Kosrae had become mandated to Japan . Only a 
fe .... reports appeared during Japanese times. 

Interestingly enough , sixty years passed before the next biological 
investigations occur red. In 1970 the National Marine Fisheries Service 
research vessel "Tmomsend Crom .... e.ll" visited Le~u and stopped at Okat 
for one day, collecting information on potential fisheries and on bait 
fish. 

An airplane Tunway was proposed for Kosra I in 1974. An environ
mental study was carried out through Fr ed Wild 1and Associates and 
Pacific Architect~ Gnd Engineers . Several sites were suggested, and 
the reef flat at Ok4t .... as selected. The environmental survey led to 
the development of a model of Okat Harbor by Woodward-Clyde Consultants. 
This entire final environmental impact stateme] t is the basis for the 
present study (Federal Aviation Administracion 1977). 

In 1978 a wastewater master plan was carried out. Several sites 
wer e discussed, Okat only as a minor pollution ~rea (Brewer 1978). 
During the same year an extensive Caroline Island wetland study was 
founded by the U. S. Army Corps of Engineers . feventeen s tat ions were 
investigated on Kosrae. three being in the Tafunsak- Okat area 
(Stennerman and Proby 1978) . At about the same time, a reef-archaeology 
survey was conducted by the Pacific Science Institute in the Okat area 
under the auspices of the TTPI Historic preservrtton Office. 

The Univers ity of Guam Marine Laboratory wrs contacted by the 
Universi ty of Hawaii (Contrac t No. HC2360) to c~rry out a baseline 
environmental survey of the Okat area in conjunttion with the develop
ment of a proposed reef- fla t runway. The University of Hawaii Water 
Resources Research Center is the prime contractbr under a Department of 
Navy, Pacific Division, Naval Facilities Enginebring Command Contract 
CU. S. Navy Contract No. N62742- 78- C- 0067]. 



Scope of Work 

The services to be provided under this can tr3ct shall include but 
not be restricted to the following: 

1. 

2. 

3. 

4. 

5 . 

Personnel 

Collect samples of fish from the study area and perform 
the necessary radioimmunoassay tests on the samples to 
determine background levels of ciguatoxin present ~n the 
fish community. Conduct a review of ex i sting and qis
torical occurrences of ciguatera outbreaks at Kosr,e . 
Document the find ings along with the ciguatoxin data. 

Per:orm detailed current studies to document circulation 
patterns and to predict movement of materials to b~ 
generated during construction. Current velocities land 
directions should be taken under prevailing wind conrli 
t1005 7 at different depths, and under rising and f~lling 
tide conditions sufficient to establish the PhYSic,l 
characteristics of the study area. I 

Conduct benthic and fish surveys in the study area to 
confirm the abundance and distribution of corals . 
invertebrates, benthic flora and fa una, and fish popula
tion identified in "Marine Biological and Ecological 
Assessment for Proposed Airport-Harbor Development, 
Island of Kosrae, TTPI, " by Kenneth R. Kvammen (Dec;ember 
1974). Document any differences in the present ma,ine 
community and that described by the above reference. 

Review technical reports and other literature conc~rn
ing dredging and fill operations and their impact 90 
water quality and the marine environment . Recommend 
limits for turbidity based on marine biological im lacts . 
[Turbidity currents were studied cooperatively wit the 
University of Hawaii and will be detailed in a sep rate 
report.] 

Prepare recommendations to mitigate against enviro -
mental degradation or destruction, or to SUbstanti1te 
preservation of areas of unique biological value. 

L. G. Eldredge, Professor of Biology--General survey coordination, 
reconnaissance, and invertebrates. 

The following University of Guam Marine Laboratory graduate students 
participated : 

Bruce Best- -Mar ine plants 
Mitchell Chernin--Corals 
Roy K. Kropp--Invertebrates 
Robert Myers--Fishes 
Thomas Smalley--Currents 
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METHODS 

Water Circulation 

Water circulation patterns were determined f3in1y by the use of 
collapsible drift drogues of 1 m2 vane- surface afea constructed accord
ing to the design of Dr. E. D. Stroup of the Department of Oceanography, 
University of Hawaii . Each drogue was suspended from two I - gallon 
(3.8 t ) plastic jugs and veighted down by one 2~l cm piece of No. 11 
re-bar weighing approximately 1.6 kg. 

Drift drogues were released at depths of 1-2 m and 5-6 m at a 
number of selected stations in the harbor and wefe allowed to drift for 
varying periods of time during different phases 6f the t i dal cycle. No 
sets of the drogues were effecte~ however over the full duration of an , , 

outgoing, tide from mean high water to mean low water, since mean high 
water always occurred at night and the drift dr ogues lacked any type of 
device for their detection at night. Drogue positions were estimated 
by using a hand-bearing compass to triangulate 04 three fixed landmarks; 
distance traveled by each drogue was determined ~fter drawing the drogue 
path on the map. Drogue velocity, which ideallY lrepresents current 
velocity for the water mass, was then calculated from these data. 

Circulation patterns over areas of the reef Iwere determined by the 
release of fluorescein dye. The time required f9r the dye patch to 
travel 10 m and the direction of movement were r~corded. Surface 
current velocity was then calcula ted from these data. 

In association with drif t drogue and fluorescein dye observations , 

~!~~ :~::~~!~:r~ndT~~:e~a!nd~:~t~oW~:~e~~~ed:~:~:~~:dW~~du:~~:c~sh~~d 
drogue movement and on the surface water movamenl studied with dye. 

General Reconnaissance 

A qualitative survey of invertebrates was ~de by conducting 
several collecting forays to different areas of the reef flat. These 
areas were: 

Harbor marg in--a~ area of mixed seagrasses and sand within the 
triangle formed by connecting the locations of transects 4, 5, and lc 
(Fig . 2). The area was exposed during low tides ~nd contained numerous 
snaIl, shallow tidepools. Both day and night COJlections were made. 

South Hole--A large, 100- m diameter, hole about 4.5 m deep at the 
southwest corner of the reef flat. The sandy borltom of the hole was 
sampled with a hand dredge. 
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North Hole--A hole of 75- m diameter located about 650 m northeast 
of South Hole. Collections were made along the coral and rubble areas 
at the hOle's southern margin. Additionally, twelve POC111o~ora 
damicornis colonies were collected from this area and analy ed for 
symbiotic organisms. I 

Gabert Island- -A low vegetation-covered reef- flat isla~d which has 
a diameter of approximately 100 m. The north and south margins were 
circled with moderate-sized boulders; the west or seaward side, with 
small boulders and rubble which meet consolidated and eroded, raised 
limestone seaward; and landward (or toward the east), a slightly elevated 
sand spit, approximately 100 m long, was edged with small b~ulders. This 
was the only "beach" habitat in the study area. Collections of intertidal 
and supratidal organtsms were made. I 

South margin of Okat reef flat --The presence of numerofs l3rge 
boulders and blocks at the somewhat depressed margin indica es that the 
zone was probably the most exposed during storm conditions. Small 
boulders and rubble were interspersed among them, and mtxed seagrasses 
carpet much of the area toward the reef. Collections were r de among 
the boulders and seagrasses. 

North margin of south reef flat --Thls margin., south of Fhe harbor 
itself, was much more heavily (Fig. 2) abraded . There were rnlY a few 
Widely scattered boulders and overturned Acropora colonies. INo seagrasses 
were observed. Collections were made on the reef flat dUrirg the day. 

General collections were also made at the following iSjand 
lac a tions : 

Lelu--Collections at Lelu were made mainly at the reef- flat area 
southeast of Lelu Point. The area was primarily reef- flat pavement with 
scattered boulders and overturned coral heads. The bOUlderrrUbble zone 
increased near the channel margin and at Lelu Point itself. Patches of 
sand were widely scattered. A few mangrove trees (Sonnerat~a) grew on 
the reef fl&t at the point. The shore west of Lelu Point wfs primarily 

;:!~~:!co~n~a~=t:~~e~u~~~:~ul:r!~r;~~t~::~l~f ::!:~a!~t~:;~~:::dt~t:hore. 
Specimens were collected on the reef flat, along the sandy shore, and 
from the volcanic bluffs. Additional specimens were collected from sea
walls and docks, and at a rubble-filled boat launching site west of the 
main dock. 

Pukusrik--Collections were made from a rocky intertida area located 
between Lelu and Tafunsak. The a rea consisted of small- to medium-sized 
boulders and extended about 150 m seawar d of the beach. No live cor als 
were seen in the boulder zone . All collections were made br turning over 
rocks t o expose invertebrates. The shoreline was a 10 m witle sandy beach 
from which some collections wer~ made. 

Tafunsak--Three separate areas at Tafunsak , along the north coast 
of Kosrae, were investigated. Gastropods were collected fr m a seawall 
in the village. The shore was composed of coarse sand that was exposed 
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at low tides. South of Tafunsak two different mangrove areas were 
investigated. Landward of the road, in the manfrove wetland composed 
of Bruguiera gvmnorhiza. Lumnitzera littorea. a?d Rhizophora apiculata, 
gastropods and fiddler crabs we r e collected. To seaward, at a moder ately 
steep coarse- sand beach, ghost crabs were collefted. Intertidally, the 
mangrove Sonneratia alba was the main vegetatio form with a mixed sea
grass and algal carpet where gastropods and fid ler crabs were found. 

Marine Plants 

Marine plants were quantified by a modifie? point -quadrat method 
(Tsuda 1972). This ~ethod consisted of randomlt dropping a 25 x 25-cm 
gridded quadrat with 16 internal cross- poin ts tTn times per transect 
(every ten-meter mark for lOO- m transects or ev ry five meters for a 
50-m transect). A total of 2880 poi nts was sam led along the 18 transects 
at the Okat study site. 

Percent cover, calculated by taking the to al points at which a 
species occurred divided by the total points pe transect, and frequency 
of occurrence, calculated by taking the number , f quadrat tosses in which 
a species occurred divided by the total number f tosses per transect, 
were enumerated for each transect. Both cover Ind frequency values were 
converted to percentages by multiplying them by 100. 

Plants were collected from each transect z ne plus general collec
tions were made from other Okat areas. These s~ecimens were soaked in 
10% formalin, then pressed and labeled for depoht in the herbarium at 
the Marine Laborato~y, University of Guam. 

Corals 

Coral distribution along eleven transects as analyzed by using the 
point-quarter technique (Cottom et a1. 1953). The transects were estab
lished by placing a ?lastic surveyors tape alon

t 
the bottom at the loca

tions indicated in Figure 2. Sample points wer established at five 
(50-m tape) or ten- meter (lOO-m tape) intervals along the tape. A line 
bisecting the sample point at right angles to t~e transec t line estab
lished four quadra nt s around the point. The coyal nearest the sample 
point in each quadrant was located and the spec1fic name, diameter, and 
distance from the center of the colony to the s1mple point was recorded. 
If no colony was observed within a maximum disttnce of one meter from 
the sample point , the quadrant was recorded as ~aVing no colony with a 
diameter of zero, and a sample point to colony listance of one meter . 

From the paint- quarter data the following alculations were used 
to estimate the population and community parame ers. 

total density of all species "" ( .uo/ area 2 
mean p01nt to- coral distance) 

) 



individuals of a species 
relative density - total individuals of all species 100 

density = relative density of a species 
100 

X total denritY of all 

total density of all specie X average 
coverage value for all spec es 

total percent coverage 

relative percent coverage = ercent cover a e for 3 5 ecies 
total coverage for all SIeCies 

frequency = 
number of cints at which a s ecies DCCO s 
total number of points 

X 100 

relative frequency _ Ere uenc value for a 5 ecies X lUa 
total frequency value for all s ecjes 

importance value relative density + relative perce t coverage 
+ relative frequency 

species 

The presence of additional coral species not found i the transect 
samples was determined for each zone by making repeated 0 servations 
along each side of the transect line and adjacent areas. The number of 
coral species and an estimace of their abundance were det~rmined accord
ing to Randall's scale (Amesbury et al. 1976) where: D = 90minant, the 
predominant coral within a zone; A - abundant, a species generally 
distributed throughout a reef zone; C = common, a specieslgeneral1Y 
present but with a patchy distribution within the zone; 0 - occasional, 
a species with only localized distribution within a reef one; and R = 

rare, a species represented by only one or two occurrencef within a reef 

zone. .1 

When possible. corals were identified in the field; ?owever, 
taxonomic problems are numerous and representative coloni s were brought 
back to the University of Guam Marine Laboratory for posi ive identifica
tion by Richard H. Randall. 

Invertebrates 

Two types of transect methods were used to determine the abundance 
of macroirrvertebrates. The first employed a 6- m diameter circular 
quadrat . The area of the quadrat , 28.3 m2• was greater than the 24 m2 

minimum size suggested for quantifying macro invertebrates (Birkeland et al. 
1976). The center of each quadrat was determined by a ha hazard toss of 
a hammer ~ithin 8 m on either side of the transect tape. This method was 
used on transects la , lb. and Ie. 

This method proved to be very cumbersome; therefore, 
transects were run using a meter stick held perpendicular 
sect line. On the reef flat 25_m2 quadrats were used by 
transect tape into l2.5- m segments and counting organisms 
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meter on either side of the tape. For subtidal ~ransects 20- m2 quadrats 
were used because the transecl tape was only marred every 5 m. 

An area of pa rticularly high holothurian de~sity, about 200 m north
east of South Hole, was sampled using two haphazardly selected lO-m 
t. r ansects. The meter- stick technique ,,,as used. 

The abundance of Netite plicata was measureh at two high intertidal 
areas near Gabert Island. This was accomPliShed ! by ten haphazard tosses 
of a 25 x 25 em quadrat in each of the two areas Specimens occurring 
in each of five randomly selected 2S- cm sections [of the quadrat were 
counted. The areas selected were both boulder zones-- one on island's 
shaded north shore and the other on its sunny sopth shore . These data 
.... ·ere analyzed by a Mann-Whitney U-test (Sakal and Rohlf 1969)~ 

Fishes 

Resident fishes were censused by swimming along 50- m transect lines 
and counting the number of each species seen 'Wit~in 1.5 m of either side 
of the line and up to 3 m above the line in each lof 10 five- meter inter
vals. Each transect thus covered approximately 150 m2 of reef surface. 
transects were laid entirely within a particular hahitat type. Reef
flat transects could be seen only at high tide w en there was more than 
0. 6 m of water over t~e line. Fifty- meter trans~cts were chosen because 
of the limited amount of high- tide time available. and unless otherwise 
indicated, were run f r om the 25 to 75-m markers along the same line used 

, 

for quantification of ot her animals and plants. ~ish species not counted 
along the transects but seen in the vicinity wit~in the same habitat 
were listed for each station. A subjective assessment of fishes present 
in areas not covered by transecting. particularly deeper channels and 
outer reef slopes. was made by listing species seen during reconnaissance 
dives or incidentally while spear fishing for ciguatera samples or while 
being towed alongside a skiff. Bstimates of the jelative abundances o f 
each species were recorded . Observations in the field were based pri
marilyon the descripcions of Schultz et R.I. (191-1 9"6) and Masuda et. 
al . (1975). When pOSSible, specimens were colle ted and/or photographed I 
with particular attencion paid to those species that were not recognized 
or are poorly known. 1 

From the transect data it was possible to d termine relative 
abundances and absolute densities of the fishes dbserved. Transect data 
in conjunction with results of subjective observJtions were used to con-

I 
struct a master table listing all species with e~timates of their 
relative abundances in each habitat investigated I From this table 
Jaccard c.oefficients of similarity (Sakal nnd SnJath 1963) between the 
fish faunas of all possible habitat pairs could e calculated. 

Ciguatera Testing 

Limited evidence suggests that the creation of new benthic sub
strates by dredging or construction activities m y provide favorable 
ditions for the outbreak of ciguate:a fish POisorng. In an attempt 

can
to 



. 

assess current levels of toxicity, flesh and gonad samp es of a variety 
of fishes , collected by spear and hook and line, in the study area were 
sent to Dr. Yoshitsugi Hoka\<,'a at the John A. Burns Scho 1 of Medicine 
in Honolulu for radioimmunoassay. In addition, local h a1th officials 
and fishermen were intervie~ed to obtain information on the historical 
background of ciguatera incidence at Kosrae. 
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RESULTS AND DISCUSSION 

General Description 

Four qualitative transects were establish d perpendicular to shore 
on the northern reef flat of Okat Harbor, Kosr e (Fig. 2). These tran
sects provided data on zonational patterns aCT 55 the flat, as well as 
for the determination of sites for quantitativt transects within the 
various zones. I 

Transect 1 was loca t.ed between Sawansaku tnd Malaniel Islands and 
r an 1775 m to the Teef margin; this is approximately the same location 
of Transect 1 (Federal Aviation Administration 1977, p. 89), This 
transect was divided into four zones based upon predominant flora, fauna, 
or geological composition . Zone A, 0- 169 m, W

1
S characterized by the 

a lga Halimeda macroloba and also contained num rous sand patches. Zone 
B. 169-1046 m, was a mixed seagrass zone conta ning three species of 
seagr as ses--Enhalus acoroides. Tha1assia hem rich!!. and Cymodocea 
rotundata . Zone C, 1046-1600 m. consisted of mixed coral zone dom
inated by Porites lutea and f. andrewsi . lnte spersed among the corals 
was the alga Turbinaria ornata. The last zone for this transect, Zone 
0, 1600- 1775 m, was primarily reef-rock paveme t and algal turf. No 
boulders were observed in this area which was in contrast with the two 
other transects extending to the reef margin. IAt low tide the entire 
re~f flat, except for the North and South H01e~, two moat areas per
pendicular to this transec t between 750-900 m n Transect 1 and 1376-
1452 m, and scattered local depressions, was c mpletely exposed. The 
fla t was flooded by approximately 1 to 1.5 m 0lwater at high tide. 

Transect 2, the northernmost transect on he flat, extended 430 m 
to the reef margin ~nd had three distinct zone. Zone A, 0-235 m, was 
a mixed- sea grass zone primarily composed of Cv docea rotundata with 
occasional patches of Enhalus acoroides. Zone B, 235 - 289 m, consisted 
of mixed seagrass and coral rubble. Scattered colonies of Porites 
lutea, f. andrewsi. and Pavon a sp. were also p esent. Zone C, 289-430 m, 
was composed of reef pavement and rubble; larg boulders, probably lifted 
on t o the flat during storms, were also evident. 

Transect 3 extended 500 m from the northe~ harbor reef margin to 
the center of South Hole; three zones were app ent. Zone A, 0-50 m, 
included the harbor reef margin which was comp ed of large coral heads 
of Porites lutca. A mixed-seagrass bed primar y of Enhalus and Thalassia 
extended from the ecge of the harbor margin to f60 m and comprised Zone B. 
Zone C. 460-500 m, extended from the edge to t~ center of South Hole. 
The predominant species along the edge were Par tes andrewsi and large 
foliaceo us colonies of l'urbinaria sp. Skirt in the edge of South Hole 
and among the coral were tAll stands of Enhalus. Coral rubble was also 
present in the region. The center of South Hole was primarily sand and 
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scattered patches of coral rubble; the depth at low tide was approxi 
mately 4.5 m. 

To the south of Transect 3 and extending t o the ree 
Gabert Island was an extensive boulder patch. Southwest 
sufficient wave action were probably responsible for thi 
feature. 

margin west of 
storms wlth 

topographical 

Transect 6 was divided into four zones and extended 1230 m from 
the mangrove to the reef margin. The zones along this t ansect were not 
as distinct as those on the other transects. Zone A. 0- 84 m, was a 
mixed- seagrass zone with Enhalus acoroides as the predom nant species. 
Zone B, 384- 789 m, was composed of mixed corals. Microa 0115 of Porites 
lutea and small colonies of ~. andrewsi were cornman alan the scattered 
patches of Enhalus. Zone C, 789- 918 ro, was a Turbinaria ornata area 
with microatolls of P. lutea. Zone D, 918- 1230 m, was c mposed of reef 
pavement and rubble;-numerous small boulders were also p esent. 

The remaining transects in Figure 2 were all quanti ative and were 
either 50 or 100 m in length; Transects 4, 5 , OR-l and N rth and South 
Hole, were 50 m in length; whereas Transects 7, 8 and SR were 100 m 
long. All transects intersecting the four qualitative t ansects were 
100 m. Additionally, Transects SRF and 6c were staked w1.th 1.3 cm re-bar 
as permanent transects for future comparisons either dur ng or after 
construction of the airport. 

Water Circulation 

Drogue movements we r e plotted in Figures J and 4, with correspond
ing field data and results given in Table 1 . Prevailing winds, generally 
from the east- northeast at 6- 12 knots , appeared to have 1 ttle effect 
upon the 1- and 5-m drift drogues themselves, since the loat presented 
little area above the water surface. Observations of th movement of 
l - m drogues at Station 3 also substantiated this lack of wind effect, 
since the. general p::tttern of drogue dr:f.ft under wind vel ci ties of less 
than 1 knot was the same as drift patterns of l - m drogue influenced by 
wind velocities of 6.5-9.0 knots (Table 1) at Stations 4 and 5 (Fig. 4). 

Circulation patterns within the harbor, in the area 
dredging for the pier (Stations 3, 4, and 5), appear to 
tidal water movement off the reef from the north on the 
from the west through the harbor entrance and over the r 
north on the flood tide. The movement of l-m drogues at 
and 5 showed general north- northeast to south- southwest 
outgoing tide and a northwest to southeast movement on t 
tide (Fig. 4). The larger of the two patch reefs within 
appeared to have an affect upon circulation patterns of 
waters in close proximity to its east side. Figure 4 (5 
the abrupt change in drogue drift of approximately ~37° 
southeast direction to an east- northeast direction when 
within 50 m of the east side of the patch reef. Drogue 
this area (Stations 3, 4 and 5) were influenced by chang 
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velocities at different times in the tidal cycle. lUnd velod ties did 
not appear to influence drogue velocities (TahIr 1). Drogue veloci
ties in general were greater during mid ebb tid~ LO mean low water 
(Table 1). Drogue velocities on rising tides r '~nged from 33- 93 and 
71- 93 rothr , respectively, when in the immediate area of the proposed 
pier and when farther out in the harbor. Veloe ties experienced Oil 
falling tides likewise followed this pattern, s~nce they ranged from 
42- 164 and 251- 428 m/hr for the two areas. Dro~ues released at Station 
J (Fig. 4) experienced the highest and lowest v~locities in the immedi
ale area of the proposed pier and out in the harbor itself. Drogues 
I-A and 2- A at Stati~n 3 moved at 307 and 164 mrhr) respectively , during 
mid ebb tide when released directly adjacent to the reef. Their velo
cities increased to 339 and 428 m/hr , respectively, when they were 
farther away from thi s part ially enclosed area. Drogues 2-A and 2- B 
displayed no observable change in position , whereas over the following 
incoming tide from mean low water to mean high rater 2- A and 2-8 moved 
at velocities of 33 and 38 m/hr , respectively. Movements of the l - m 
and 5-m drogues at Station I (Fig. 3) suggested different circulation 
patterns for these water masses at the same per od in the tidal cycle . 
It generally appears that at the beginning and the end of the ebb tide, 
surface and subsurface waters follow apprOXimat~lY the same drift 
patterns, as is indicated in Figure 3 and Table 1 . Drogues I - A, 2-A. 
and I - B and 2-8 (1 m and 5 m, respectively) sho the greatest dif~er
ence in surface and subsurface drogue movement, whereas drogues l-C and 
2-C (1 m and 5 m) show the same general northealt to southwest flow . 
One- meter drogue velocities at Station 1 r anged from 175-216 to 0- 180 
mthr , whereas those for 5- m drogues ranged from 50- 142 to 55- 155 m/hr 
on the (aIling and on the flooding tides , respeltivelY . Surface drogues 
experienced the highest and lowest velocities . At the cnd and the 
~eginning of the falling tide, l - m drogues, l - A and I - C, moved at 175 
and 216 m/hr. respectively, whereas during the irst hour of a flood ing 
tide drogue I-A did not move. Five- meter drogu s (2- A, 2-8 and 2- C) in 
general moved at a more constant velocity (Tabl 1) during the portion 
of the tidal cyc le studied. 

Stalion 2 (Fig. 3) drogues drifted in an e st to west direction . 
'~is indicated a surface movement of water i n tle harbor mouth which 
i lows out of the harbor during both the falling nd rising tides . Sub
surface water also appears to follow this patte in, since drogues 2- D 
and 2- G (5 m) moved vest, out of the harbor entdance; however, there was 
a subsurface current tha t ran along the seaward ~eef margin in a south 
to north direction during the flood tide. One- ,eter drogues--I-D, l-E , 
~-F, l-G, and I-H--were not left in long enough~ l(Table 1) to actually 
determine if there was any surface current in th s direction. Ve l ocities 
of l - rn and 5- m drogues at Station 2 ranged from 20- 427 and 294- 374 m/hr 
and 277- 285 and 538- 601 m/hr during the ebb and load tides) respectively . 
Surface drogue velocities on the ebb tide were sightly higher than those 
of subsurface velocities, whereas the reverse wa noted on the flood 
tide but with a greater difference existing betw en the two values 
(Table 1). 

Fluorescej n dye studies were conducted in a 
reef flat, particul arly in the area of proposed 
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boat channel along the mangrove margin. Dye patches 1-1 (Figs. 3 and 
4), released in the area of the proposed small boat chanrel> wer e run 
under conditions of prevailing winds of less than 1 knot and, therefore, 
little wind effect was noticable. Dye patches 1-10 were released during 
an ebb tide and showed a general northeast to southwest tloW along the 
mangrove and out over the reef in front of Molaniel ISlajd (Fig. 3). 
Similarly. dye patches 11- 14 released during a flood tide followed approx
imately the same patch. Dye ?atches 15 and 16 indicated water movement 
into the channe l between the mangroves and the island. emaining dye 
patches were released at a number of sites on the south eef flat under 
prevailing wind conditions of 5.0 - 13.5 knots from the ,orth-east. 
Movement of patches 17-23 (Fig . 4) in general were affec ed by wind and 
surf breaking on the reef roargins in the areas where the dye was released. 

Marine Plants 

By using a modified point- quadrat sampling techniqu (see transect 
methods section). percent cover and frequency were calcu ated for the 
marine plants as well as for the gas tropods. holothurian , sponges. 
stony corals. and soft corals. Areas of exposed sand an rock substrate 
were also quantified. Therefore, by examination of Tabl l 2. a 
general idea of relative abundance and patchiness of the benthic flora 
and fauna at the Okat study area can be fo r med . 

Forty- five species belonging to 33 genera of marine plants have 
been identi fied to date from the Okat study area. Altho gh this re
pr esents a good diversity, there was a consp i cuous lack tf large brown 
algae. i . e., Sargassum and Hydroclathrus . It is doubtfu whether their 
absence could be attributed to lack of nu t rients. cons i d ring the adja
cent mangrove and river-export ecosystems, but was proba9ly caused by 
daily desiccation (Tsuda 1974). Dai l y tidal range was up to 1.5 m. 
thereby leaving only the deep (4.5 m) reef-flat holes an~ the moat areas 
subtidal. Up to 22 species of plants were noted in theSt deeper reef
f lat refuge areas. Marine-plant cover for the 13 reef- f at transects, 
excluding margin ~nd slop~ rrans@cts, w~s 69 . 2t (s=26.67. Averag p floral 
cover for all 18 transects was 57 . 6%. This average ~as igher for the 
reef- flat areas only because of the lack of the space-co peting corals 
and the increased cover by seagrasses (on the flat) . 

The seagrasses wer e the predominant mar ine plant on the reef flat. 
They ranged from 5% to over 90% cover on individual tran ects, with a 
mean value of 40.2% (n=12, s=34.2). Cryptically underly ng the more 
extensive Cymodocea rotundata, Enhalus acoroides . and Th lassia hemprichli 
beds were small Halimeda opuntia. coralline red algae. h,lothurians. 
gastropods,and sponges. Enhalus acoroides collected fro the North Hole 
area (see Figure 2) approached 2 m in blade length. 

The ubiquitous blue- green algae were prevalent a]on the reef-flat 
transects and were recorded as percent cover in sandy ar as. Schizothrix 
calcicola forms a sand- alga matrix adding stability to t e reef flat 
substrate . 
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In addition to the abundant Halimeda 0 uncia, the most frequently 
encountered of th~ 17 recorded green algae were Cauler a racemosa. 
Dictyosphaeria caver nOS8. and !!.. macroloba. Th se three algae were 
observed or collec ted along 50% of the transect . 

Lobophora variegat8 and Turbinaria ornata llere the mOSL common 
brown algae. They were recorded on 61% and 50% of the transects, 
["espectively. Although percent cover was low far Lobophora, Turblnaria 
accounted for up to 17% of the cover along the Je8W8rd reef margin study 
ai te (Transect 6c). 

The small red cora lline gener a such as Amp ir08 and Porolithon were 
common along most of the reef transect s . Hard ~ubstrate samples were 
collected, many of which supported these and ot~er red microturfs. 
Halymenia durvlllaei and Desmia hornemanni were rcollected from the deeper 
channel study sites. Sixteen species of red algae were recorded from 
the Ok.a ( area. 

Graphs depicting relationships between four funct i onal benthic groups 
and overall plant diversity are presented in Fig re 5. The two sets of 
l inear extrapolated curves reveal an inverse reI tionship between plant 
diversity and percent seagrass cover. Following (he diminishing seagrass 
cover and concurrent rise in algal diversity. th percent cover by co rals 
increases. This rise In coral cover mirrors the increase of subtidal 
areas and hard platform substrates. In summary. as one transects the 
zones from the mangrove area seaward. zones of > 90% sand are followed 
by zones of seagrass, macroalgae and turfs, and inal1y sparse cural 
patches, respectively. 

Forty- one of the 45 marine plant species re orted from this study 
have been deposited in the University of Guam He barium by the author. 

Corals 

Coral coverage on the Qkat harbor reef flat was restricted Lo an 
outer Tef!f Incat and loca lized holes a nd depressi ns because the flat was 
exposed at low tides and therefore not condus ive to coral growth ; tran
sects lao lb , Ie, 2a , 3a, 6a. and 6b (Fig. 2) we e in a mixed- seagrass 
20ne and did not support coral growth. l 

The predominant coral in the outer moat and localized holes and 
depressions was Porites lutea . Along transects d and Ie, Lhis species 
made up 47.8 and 73.04% of the coral colonies su veyed, respectively. 
Along Transect 6c Porites andrewsi was predomina t and made up 38.46h of 
the corals quantified. Microatolls of Porites 1 tea were also present 
along this transect and comprised 2SX of the cor Is surveyed. The high 
density of corals on the reef flat, as compared 0 the percent of 
coverage on transects ld, le. and 6c (2.~l. 1.77 r and 3.86/m2, respec
tively), was the result of small colony formatio s; mean diameters of 
colonies along the three transects ranged from 2 45 to 20.58 em (Tables 
3,4, and 7). 
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Kvammen (Federal Aviation Administration 1977) est1mat d the reef
flat coral coverage to be between five and ten percent. T~e percent 
coverage of reef flat corals surveyed in this study was befW five per
cent. The difference in the two estimates was probably th result of 
transect locations. 

The North and South Hole transects (Fig. 2 , Table to <1fnd 11) had 
relatively high coral coverage (4l.14 and 65 . 35%, respectiv!ely). In 
both, Porites andrewsi was the predominant coral. The dif~erences encoun
tered at the two locations were represented by colony diam,ters and 
densities . The density of corals at the North Hole [ranse twas 2.62/m2 , 
whereas along the South Hole transect density was only 1.2 1m2 , The 
mean diameter of P. andrewsi along the South Hole transect as compared 
to North Hole transect was 77.32 and 67 . 9 em, respectively. Also, the 
presence of a foliaceous Turbinaria colony at the South Ho e transect, 
with a mean diameter of 283.66 em, accounted for the major difference 
between the two sites. 

Transects 4 and 5 were both located on the reef margi 
north side of the harbor. Porites lutea was the predomina 
represented 75.91 and 68.78% of the species quantified, re 
(Table 5 and 6). Transect 5, located closer to the harbor 
subject to tidal flushing and therefore less siltation fro 
community than Transect 4. As a result, there was a great 
corals along Transect 5 (7 species) as compared to Transec 
Additionally. Transect 5 had a greater density and percent 
coverage than Transect 4 (5.4 corals per m2 and 5 . 7~ cover 
corals per m2 and 3.03% coverage. respectively). 
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the mangrove 
r diversity of 
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Transect 7, located on the north side of the harbor m uth, had the 
greatest diversity of the transects surveyed (13 species) . The high 
percent of coverage (39.58%) resulted from the presence of large colonies 
of Diploastrea heliopora which comprised 64.48% of the cor Is quantified 
(Table 8). The large mean diameter of Q. he1iopora (109 . 61 em) accounted 
for the relatively low density of 2.15 corals per m2 . Thi, transect, 
like Transect 5 , was not subject to heavy siltaticn from tl!!e mangrove 
community and was at a greater depth. 

In contrast, Transect a, located on the south side of the harbor 
mouth , had a percent substrate coverage comparable to the eef-flat tran
sects (5 . 21%) . Massive Porites lutea and columnar Porites (~) 
iwayamaensis colonies formed pinnacles and knolls over muc of the tran
sect (52 . 59 and 40.12% of the corals quantified, respectiv ly). 

Transect SRF had a density of 2.27 corals per m2 and 
strate coverage of 10.13%. The predominant corals along t 
were Porites (ramose sp. 1) and Acropora hebcs comprising 
of the cor£ls quantified, respectively (Table 12). This t 
perpendicular to the reef margin and intersected several z 
were restricted to an inner moat area similar to the outer 
Transects Id, Ie, and 6c. 

percent sub
e transect 
5.48 and 7.25% 
ansect was run 
nes. Corals 
reef moat of 

Transect OR-I, located on the reef slope, had an over 11 density of 
3.12 corals per m2 and percent substrate cover of 2.94% (T hle 13). 
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There was a high species dive r sity with 13 species quantified. The 
transect was placed across numerous surge channe~s. and the presence of 
heavy surf made quantification difficult. The ef-timate of percent cover 
of 2 . 94% was probably low; and alternative metho (see Table 2) yielded 
33.8%. a more r ealis t ic value. The general area was characterized by 
numerous colonies of Acropora, MontiptJrR, and H no hora. 

A qualitative listing and the relative abun aoca of corals found 
on or in the vicini ty of the eleven transects aT in Table 14. 

Macroinvertebrates 

Holothurians were the most conspicuous maet invertebrates found on 
the Okat reef flat. The two most abundant inver ebrates occurring on 
transects were Holoth:tria at ["a and Stichopus chI ronot us (Tables 15 anrl 
16). Both species had their highest transect de sities along the longi
tudinal midline of the reef flat. This line app oximated the transition 
region between the inner seagrass beds and the a ter mixed coral- rubble 
zone. 

An area of mixed seagrass and sand about 20q m north of the South 
Hole, had very high densities of ..!:! . atra . Th e m~<ln value of 261 indivi
duals per 10 m2 is among the highest recorded densities for the species 
(see Bakus 1973). Stichopus ehloronotus was vir lua11y absent from this 
area . This was unusual , s i nce the species showe high densities to the 
s~uth (Transect 3a) and moderate densities to th north (Transect Id). 

Two other holothurians also were occasional y abundant. Holothurin 
hilla and Stichopus harrens were common under ro ks or coral on Transects 
ld, 6b, and 6c (H.hilla only). Interestingly. either species was 
present under rocks or coral on Transect SRF . 

Subtidal transects along the harbor margin 4, 5. 7. and 8) had 
holothurian populations dist i nctly different tha those of the reef - flat 
transects. Overall , halothurian densities were ower than on the reef 
flat. Three species--~. edulis. S. chloronotus, nd H. atra were present 
subtidally but in considerably lower densities, t an on ~reef flat. 
S. horrens and H. hil1a were absent from subtidal transects . No 
holothurians were counted on Transect OR- l althou h Actinopyga mauritLana 
was seen nearby. 

StichOpus chlor onotus was the predominant se cucumber in the two 
large reef- flat holes. Holo t huria atra was also [resent but at a low 
density. 

Thirty-nlne species of echInoderms were call cled ("rable 2U) . The 
only asteroids reco r ded on transects were Linckia~laeVigata, 1. multifora, 
and an unidentified small bluc- gray Linekia. Ncn of rhese occurred in 
great abundance . Two corallivorous starfish, CuI ita novaeguineac and 
Acanthaster plane!, were observed at Okat. Howev t, only a few specimens 
of each were seen. Wass (1973) found only two~. planei during a star
fish survey. 
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No echinoids were counted on any reef.- flat transect Two species 
were f.ound on off-reef transects and were among the most abundant animals 
on Transect DR-l. These were Astropyga radiata and Echi ometra ma thaei. 

Ophiocoma scolopendrina was the only significantly 
ophiuroid and was found only on reef- flat transects. 

bundant 

The echinoderm data for Okat showed some interestln deviations 
from data gathered at Yap and Viithi in the Western Caro ines. Thr ee 
of the most common echinoderms at Yap--Actinopyga echini es, Mes pi lia 
globuIus, and Protoreaster nodosus-- were not found at Ok t. Conversely~ 
Sti chopus chloronolus and Holothuria atra, the most comm n at Oka t , were 
found in low abundance at Yap (Grosenbaugh 1978). H. ;e~d~1~i~5,occurred in 
seagraSS at Yap but was found only on sandy debris at Ok t . The reef 
flat data for Vlithi (Tsuda et al. 1978) was very simila to tha t f or 
OkRt. H. atra was the most abundant h010 t hurian at Ulit i and occurred 
in relatively high densities. In addition to not being ouod at Oka t, 
~. globulus and I. nodosus occurred in greater density a Yap 
(Crosenbaugh 1978) than any echinoid or asteroid in the resent study. 

Crustac eans were not qua~tified because of their ar ane habitats. 
Also field identification of species was difficult. Tab e 18 list s the 
results of several collections at Okat and other locatio s on Kosrae. 

The predominant macrocrusta ceans in the seagrass b~ 
probably the hermit crabs (Diogenidae, Paguridae). ColI 
made and several of the species from Kosrae represent su 
ward extensions of their known distributional ranges. 

Among the diogenids, Calcinus aff. pulcher had been 
corded only as far east as the Mariana Islands (Wooster 
status of this species is bei~g studied by Janet Haig of 
Hancock Foundation, University of Southern California. 
found sub tidally on Transect 7 and was collected from 11 

The previous eastern boundary for the small pagurid 
zebra, was northwest Australia until the discovery of on 
Guam, Mariana Islands (Wooster 1979) and now its subsequ 
Kosrae. Wooster's (1979) spe~imen was found at a depth 
rubble which contrasts with Okat where specimens were fo 
mixed in with algae samples. 

A filter-feeding pagurid Orthopagurus harmsi, which 
abandoned polychaete worm tubes, previously known only a 
Guam (Wooster 1979) is now known from the Eastern Carol! 
harmsi was collected from wo r m tubes in Porites iwavamae 
Montipora sp. along Transects 7 and 8. 
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The record of 
stantially ~xtends 
(Stephenson 1972). 
South Hole. 

the portunid Thalamita pilumnoides f r m Kosrae sub
that species' northeastern limit from the Marianas 
This crab was found in a dredge samp e from t he 
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If thE' identifi cat.ion of one portunid as The smita demani is con
firmed, the Kosrae record extends its eastern lim t from the Philippines 
(Stephenson 1972). One specimen was found from a tide pool in the sea 
grass beds. 

A third IJortunld , Portunus lonsispinosos bid os, was found at Okat. 
This subspecies of the taxonomically troubled !. ~on8isp1nosus complex 
was previously recorded only from Ceylon and J8r a

l 
(Stephenson 1972). 

Several specimens were collected from seagrass be s near the harbor 
margi n. 

The most common crabs within the rock and ru ble zone were members 
of the brachyuran family Xanthidae and the anomurfo Porcellanidae. Both 
groups were found underneath rocks within the zan • 

Of the rocky intertidal xanthids only che re ord of Liomera lctevis 
from Kosrae represents a range extension. It was pr·eviously known only 
as far east as the Philippines (Sakai 1976). At kat it occurred under
nealh rocks in the seagrass beds . 

The porcellanids , Petrolisthes asiaticus, .E. f imbri atus , 
P. lamarck!i, and P. lamarckii var. Tufes cens weT widely scatter
ed over the reef flats north and south of Okat hRfbor. All were 
previously recorded from Halem , Kosrae (l'!iyake 19 2) . 

The famili es Grapsidae and Ocypodidae were t e most common high 
intertidal crustaceans. The confirmation of the ,rapaid Varuna litterata 
would extend its r ange [rom Japan, its present eastern limit (Sakai 1976). 
The ghost crab Ocypode stimpson! also has not beel recorded farther cast 
than Japan (Sakai 1976) . 

A male- female pair of the palaemontd shrimp, Conchodytes tridacnae, 
were found within the large bivalve Pincta t e merg~ritifera from Transect 

5. ~ 
Nearly 150 species of mollusks were collecte at Okat (Table 19). 

The most common spec ies at Okat were the small co ies Crpraea moneta 
an:! C. annulus. Ho .... ever. these were not quantif1 d on transects because 
their cryptic lifestyle increases the possibility of an inaccurate count . 

GQstropods which were quant i fied 
Trochus Incraaaatus Bnd !. nilolicus . 
and the marble cone Conus marmoreus . 

on transec t 
the tiger c 

were the topshells 
wrle Cypraea tigris, 

Although low in abundance on transec t s the dJstribution of the 
commercially valuable Trochus niloticus was inter sting. Only smaller 
individuals « 5 em) were found on the reef flat . Large individuals 
(> 10 em) were found near subtidal Transects 8 an OR- I . Often groups 
of 4- 5 individuals wer= found. This size distrib tion was comparable to 
those found for several locations on Guam (Stojko ich and Smith 1978). 

Another trochid, 1-10nilea philippiana, was fa d at Puksurik. Previ
~u81y this species has been recorded only from Sa oa and Fiji (Cernohorsky 
1972l. 
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Analysis of the Nerita plicata data from Gabert 1 
Whitney U-test, showed the northern, shaded populatio 
greater than the sun- drenched southern population (p 
n:49). Since the habitats were similar the differene 
size could probably be exp:"ained by the lower level a 
to which the shaded population was exposed. 

land, by the Mann
to be significantly 
0.001; t&3.5242; 
in population 
thermal stress 

Otner macroinvertebrates were recorded . The perc ot cover and 
frcque~ey of gastropods, holothurians, sponges, and c~ustaceans are 
listed in Table 2 . Several anthozoan species w£!re re orded. Specimens 
of alcyonacean soft corals were collected and pre l imi ary jdentifjcations 
of ten species have been made (Table 17). Several sp cies of sponges 
were collected but identification, except for three s eeies, was nearly 
impossible. Cinachyra australiansis (Carter) occurred on the reef flat, 
dnd Spirastrella vagabunda Ridley , and Dysidea herbac~a Keller grew among 
the seagrasses in the buu lder zone at. the south end ofl the Okat reef flat. 
Two ancipatharian species were collected from the deeper subtidal areas 
near the channel entrance . 

Coral Commensals--Colonies of Pocillopora damicor s collected from 

and mollusks (Tables 18 and 19. column 5) . Crabs of t e genus Trapezia 
were the predominant crustaceans. These were usually ouod in male 
female pairs with only one or two pairs per colony. Sapping shrimp 
(Alpheidae) were represented by several pairs of Al h _ s lottini and a 
single specimen of A. br evipes. 

One colony of Pocillopora eydouxi (near Transect 0 - 1) yielded 
specimens of !. rufopunctata. Also present was the hal alocarcinid. 
Pseudocryptochirus kahe. The discovery of this speci at Okat is the 
first record of living specimens collected outside of awaii (McCain Bnd 
Coles 1979). 

Members of the family Coralliophilidae were the mo 
living mollusks at Okat. Coralliophila violaeea was t 
Two spe>rtf>.s of Leptoconchus ""ere found . k . lamarkii 
Porites iwayamaensis and .h. striatus from Leptoria sp. 
taken from Transect 7. 

Fishes 

t common coral
e most common. 
s collected from 

Both were 

At least 337 species of fishes were observed in th Okat reef area. 
Most of these occurred in-one or more of eleven habita s and are listed 
with estimates of their relative abundances in Table 2 Results of 
fifteen transects faillng Into seven of the habitats a e presented in 
Tables 22-27 . Transects were not carried out, but ree nnaissance dives 
were made in all of the remaining habitats except the angrove forest. 
The harbor and channel floor were not investigated be use of extremely 
poor visibility and depths below practical limits. J card coefficients 
of similarity between the fish faunas of all possible abitat pairs, 
excluding the mangrove forest are given in Table 28. list of fish 
species not observed during the present survey but pr iously r ecorded 
from Kosrae is presented ir. Table 29. 
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Results of transects, reconnaissance dives, and collections arc 
discussed under indi vidual habitat headings heier' 

Mangroves- - Observations here were incidenta~. The landward side 
of the entire Okat ree f a rea was bordered by an hxlensive mangrove 
forest dissected by canopy- covered saltwater channels . Channel depth 
\'aried from 0.5 to 1 m at low tide. An abundanck of algae (Halimeda sp. 
and Caulerpa sp.) and the seagrass Enhalus acorotdes commonly covered a 
mud and leaflitter substrate . An unidentified ApOBcn, relatively small 
lethrinids, Genes sp. (probably Q. argyreus), afd Siganus spinus were 
seen in large numbers . Sphaeramia orbicularis congregated around prop
root systems, and large schools of mullet (Mugil1dae) were occasionally 
seen along the forest margin. I 

Seagrass Beds--This habi ta t contained transects la, lb , and Ie and 
with the exception of occasional small holes andla relatively sandy 
area shoreward , was exposed at low tide. Forty- three species of fishes 
we r e seen here (Table 22), ten (23%) of which were restricted to this 
habitat. The lowest transect counts , in terms of numbers of species 
seen on transects (6 t o 24) and in the vicinity ~f transects (17 to 25), 
and the lowest densities (Y - 0.71 indiv . /m2) occurred here. 
Mulloidichthys flavolineatus and Siganus spinus ..1ere the most abundant 
species and occurred here in higher numbers than le lsewhere. Most of the 
larger species here presumably migrated elsewhe r~ during the ebbing tide, 
whereas many of the smaller ones lived in or nea~ pockets where were 
permanently submerged . The fish fauna in this habitat was most similar 
to that of the moat (Jaccard coefficient of similarity, J c 0.25), 
teast similar to that of the channel slope (J = 1 .01), and one of the 
two most unique (J = 0.13) . 

Moat--This habitat as defined here was the ubtidal portion of the 
reef flat seaward of the intertidal portion of t~e seagrass beds and 
has a substrate consisting of various combinatio9s of sand, living cor al , 
rubble, and/or seagrass . This habitat was inV~S~igated both at Okat 
reef (Transects ld, 6b, and 6c) and on the reef lat south of Okat harbor 
(SRF) . Depths during low tide (ex~luuing tops a co ral heads) ranged 
from 0 . 3 to 0.7 m. Eighty-seven species were se n in this habitat, six 
of which were not seen elsewhere (Table 23). De sitles ranged from 1.81 
to 3.91 invi./m (Y E 2.43). The damsel fishes DaJcyllus aruanus, 
E.lpomacentrus albifasciatus, !. livid us , and GlYRhidodontops bioce11at.us 
dominated the counts and were more abundant hereJthan elsewhere. 
Economically important species such as E ine hel s merra and Scolopsis 
cancellatus were encountered in moderate numbers. The fish fauna of 
this habitat was most similar to that of the lag on margin (J = 0.42) 
and the reef- flat holes (J : 0.38). 

Outer Reef Flat- - This zone was located imme ately seaward of the 
moat and extended to the breaker zone of the reef margin. The substrate 
consis ted of consolidated limestone covered in m~t places with a veneer 
of loose rubble and rocks and contained little I " ing coral. It was 
subject to the almost constant motion of waves wh ch had broken over the 
reef margin, but continued on to the mo~t as a se ondary surge except 
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during low tides when much of this area was exposed . 9nly one transect 
(Ie) was studied here . Thirty- one species we r e seen h~re, 28 on the 
transect with a combined density of 3.89 indiv. /m2 • Gll hidodonto s 
slaucus, extremely rare elsewhere, accounted for 49% a the individuals 
counted and was remarkably evenly distributed over the length of the 
line (Y • 28.8/15 m , S - 8.3, W - 15-41 for ten equal intervals). Also 
abundant were juvenile Thalassoma spp., Halichoeres tr~aculatus~ and 
Acanthurus trlostegus . Few large fish were seen. Alt{U&h only one 
species was not seen elsewhere, this habitat ' s lack of faunal resemblance 
to the others made It one of the three most unique (J 0.14). This 
area was most similar to rhe moat (J ~ 0.27). 

Ree: Flat Holes--Two large shallow holes in the Okat reef flat were 
investigated. Both were about 4.5 m deep with fine sa bottoms and 
margins of the seagrass Enhalus acoroides. coral (mostl Porites 
andrewsl) , rubble, and sand. The single transect in eac hole was placed 
along the margins in order to sample the fish fauna ave as wide a 
variety of substrate types as possible (Table 26). The oles contained 
the highest number of species (108), the highest densit~es (Y = 9.55 
indiv./'CJ.2 ; see commen ts below), and largest individual ~ishes (with the 
exception of one shark) of any habitat within the confi es of the reef 
flat. The high densities we r e mainly caused by large s arms of juvenile 
Ctenochaetus striatus which moved over the tops of cora heads. Large 
numbers of Chromis caerulea and Dascyllus melanurus agg egated in the 
water column above the co ral. Large individuals of Lut anus ful vus were 
common and several reef pred ators, not seen elsewhere within the reef 
flat such as Lutjanus bohar, Lethrinus microdon, Caransbides ferduu,Caranx 
melampygus, and Plectorhynchus linea tus , occurred here ts well. These 
reef- flat hole fish faunas were closest to that of the agoon margin 
(J B 0.47) and the moat (J = 0.38), but sixteen species (15%) were not 
seen elsewhere. Although the position of the transects and the large 
swarms of Ctenochaetus resulted in inflated density fig res, the 

I presence of numerous mullids, scarids, carangids, and 1 tjanids over 
the open sand indicated that these holes clearly mainta ned a higher 
biomass as well as higher diversity of reef fishes than the surrounding 
reef flat a nd probably served as a refuge area during I w tide. 

Harbor Margin-- This habitat extended from the edge f the reef flat 
to a depth of about 5 m on the upper slope of Okat harbor and consisted 
of numerous large coral heads (mainly Porites lutea) on l a fine sand sub
strate. Two transects (4 and 5) were run, yielding an fverage density 
(Table 24) of 2.58 indiv./m2 . Large swarms of juvenile PterelQotris 
evides and fewer numbers of Pomacentrus pavo were prese t in the eastern 
end (Transect 4), whereas scarids and acanthurids were ore abundant in 
the west, nearer the channel. Lutjanids , lethrinids, and mullids were 
seen in all areas. Small Caranx melampygus were often ~een and twO 
large groups of Carangoides orthogrammus were seen in t e vicinity of a 
coral head (Galaxea) at a depth of 3- 5 m. Although 14 pecies (16%) 
were not seen elsewhere, this habitat's fish fauna was ne of the two 
least unique (J = 0.25) and bore a close resemblance to those of the 
reef flat holes (J - 0.47) and the moat (0.42) . 
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Channel Margin--This habitat consisted of th upper portion of the 
Okat harbor channel. The northern margin (Transe t 7) represented a 
fairly abrupt transItion between barren reef flat and vertical channel 
wall and consisted of large. cavernous formations of living and dead 
lcbate corals from the surface to a narro~ (samet mes absent) sheli at 
3- 6 m. Numerous soEt and scleract ini an coral for ations were present 
along the edge of the shelf and extended do~n the nonvertical portions 
of the slope. The southern margin of the channel (Transect B) ~as 

considerably wider and contained areas of rubble Ind sand with pockets 
of mangrove litter (transported on the outgoing t de) as well as coral 
formations similar to :hose of the northern margi. The lower limit o f 
the channel margin ~as set at a ro, the approximat lo~er limit of hori
zontal shelf development. This habitat had the m6st diverse fish fauna 
of any investigated (Table 25), containi (11%) of 
which were not seen elsewhere , and had 0 densities 
(Y ~ 6.33 indiv./m2). The most numerous aggregati.ng 
planktivores such as juvenile Ptereleo tr lepidolepis~ 

c. margaritifer. juvenil e Thalassoma spp ect 7), 
Anthias spp., and juvenile of the herbiv striatus. 
Nu~erous large lutjanids (e .g. Lutjanus nd L. bohar)~ 
scarids (e . g. Bolbometo pon mu ricat us and d acanthurids , 
and the giant wrasse Cheilinus undulatus 1sh 
Pseudobalistes flavima rginatus were seen The fish 
fa Jna here ~as one of the two least unique (J C 0j25)' showing close 
a ffinities with that of the outer reef terrace (J - 0.43) and outer ree f 
margin and slope env ironments (J values from 0 . 26 to 0.29) . 

Channel Slope--Observations in this habitat ere limited to two 
reconnaissance dives (totaling about one hour) be ow the area of Transect 
7 from 9 to 30 m. The substrate cons isted of but resses of living coral, 
prlmarily tiered Por ites iwayamaensis and shear I estone faces alternat
ing with a steep tallus slope which continued we below 50 m. The 
slope was steep, from overhanging ledges to 60 0 a d although at places 
there was a continuum with the channel margin , on~ fishes seen below 
8 m were considered . Fifty- eight species were se5n , one of them only 
hen·. Large lutjanids as well as cacsionids. Car~ngidS ' and large 
Pseudobalistes flavimarginatus were seen regularl. In the ~ater column 
below 15 m a large Cymmosarda unicolor and numero s Nasa hexacanthus 

I - -
were observed. This habitat 's faunal composition as one of the two 
most unique (J ~ 0 .13) although it had relatively close affinities with 
those of the outer reef dropof( (J ~ 0.36) and th channel margin 
(J • 0. 28). 

Outer Reef Margin-- As defined here , this habitat was the upper por
tion of the seaward reef slope subject to the effits of surge but below 
the breaker zone and consisted of nllmerO~LS altern ing coral- covered 
ridges and sand and r ubble- strewn gullies perpendi ular to the edge of 
the reef flat. It extended to a depth of about 6 and was best developed 
along the northeast extremity of Okat r eef and abs nt south of Gabert 
Island. Sixty- nine species were seen in this hubi at , 7 (10%) nowhere 
els e. The single transect (Table 27) gave a densi y of 6.79 indiv./m2, 
mostly swarms of juveniles of Thalassoma spp . and tercleotris evides. 
Several pomacentrids (Chronis vander bilti, Eu omacbntrus fasciolatus . 
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and Ptectroglyphidodoo dicki), the hawkfish paracirrhi Jes arcatus, and 
surgeonfish Acanthurus lineatus were abundant. This hIitat'S fish 
fauna was closest to that of the outer reef terrace (J 0.30) and 
channel margin (J = 0.29). 

Outer Reet Terrace--This was the portion at the se±ard reef slope 
immediately below the outer reef margin which sloped g tly (5_15°) 
down to ~he upper edge of a steep drapeff. 10 the nor~ east this zone 
was as w~de as 150 m and extended to a depth of 20 m 0 morej to the 
southwest it narrowed as the upper margin of the drapo f became 
shallower, forming a narrow band 10 to 20 m wide Bnd 2- 6 m deep near 
the channel entrance. The substrate was almost entire~ living coral, 
primarily table-like Acropora, forming large irregular ~oundS' Observa
tions here and along the dropoff were limited t o a few hours of 
reconnaissance dives and incidental observations while spearfishing for 
ciguatera samples or being towed alongSide a skiff. T~iS habitat 
supported a diverse fish fauna of 149 spec ies, 27 (18%) of which were 
not seen elsewhere. Large 1utjanids, lethrinids, mull ds, scarids, and 
acanthurids , all economically important, were abundant . Some , such as 
Lutjanu3 gibbus, l. kasmira l l. fulviflamma, Monotaxis Igrandoculis, and 
Macolor niger were occasionally seen in aggregations of 20 to 100 or 
more . The whitetip reef shark, Trienodon obesus, was seen here regu
larly . This habitat's fish fauna was most similar to tat of the 
channel margin (J ~ 0.43) and the outer reef dropoff ( K 0 . 34). 

Outer Reef Dropoff--This was the region of the sea ard reef slope 
which began as shallow as 4 m near the channel entranc~ and which plunged 
steeply (60_90°) down below the limHs of coral reef d'velopment. The 
substrate was mostly live coral (mainly plate- like Acrgpora spp. and 
the branching Porites andrewsi) interspersed with areas of steep tallus 
slope, particularly south of the channel. observation~ were carried 
out to a depths of 30 m. Eighty-eight species of fish s were seen in 
this habitat, 9 (10%) of which were not seen elsewhere Enormous 
schools of lutjanids. mainly Lutjanus gibbus and ~. tu viflamma, were 
observed up and down the slope from the top to over 30 m. Large groups 
of Naso brevirostris Rnd N~!';n hexac:anthus were seen in the water column. 
A few gray reef sharks, C~arhinus amblvrhynchos wer observed at 30 m. 
Numerous mixed species aggregations of Anthias dispsr, nthias sp., 
Chromis lepidolepis. and C. vanderbilt! were common fr m the outer 
portion of the terrace to-over )0 m. This habitat's f sh fauna was 
closest to that of the channel slope (J = 0.30) and th outer reef 
terrace (J - 0.34). 

Summary--Okat reef supported an extremely diverse ssemblage of 
fishes. Three hundred and thirty- seven species were 0 served in the 
eleven habitats investigated. A large proportion, 116 species (35%), 
were restricted to single habitats, whereas 100 (30%) anged widely in 
three or more habitats. The most ubiquitous fishes we e Parapeneus 
barberinus which was seen in nine habitats, and Lethrinus harak. 
Chaetodon auriga, f. citrinellus, f. vagabundus , and Chromis margaritifer 
which were each seen in eight habitats. Glyphidodontops biocellatus was 
characteristicly found in all reef-flat habitats . The mangrove and 
seagrass habitats supported the most depaupe r ate fish auoas, whereas 
the channel margin and outer reef terrace supported ri h faunas of as 
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many as 150 species. The most distinctlve habitrts were the mangrove, 
sea grass , and channel slope while the lagoon and channel margins more 
closely resembled many others. The fewest nUmberS of i.ndividuals were 
found in the seagrass beds. The seagrass beds a so had the lowest 
censi ties of fishes, whereas the ree f - flat holes outer reef margin and 
channel margin had very high densities, mainly 5 arms of juveniles and 
small pJanktivores . 

Compariscn of Present Study to 1974 Assessment 

The 1974 Kvammen survey (Federal Aviation A ministration 1977) was 
carried out in only a few days. Even though ft f eeo "transects" were 
diagrammed on Plate No. XIII , there appears to be no quantitative data 
in the report; therefore. no way to conduct a be ore- and-aEter study. 
The spec.ies collected at that tIme are named wit} out specific area of 
collection . The present survey collec ted many re species than the 
1974 survey. Interescing enough, the earlier re ort mentioned many 
species the present one did not find. Actually bout 40% of the 
invertebrates listed on page 102 were not found uring the present 
survey. Such large, obvious forms as Protoreast r nodusus and Diadema 
setosum were nol seen. Some other species given are most likely mis 
identifactions. It is unfortunate that the pres nt deposition of the 
species is not given . 

The zones described by Kvammen 
areas as those found in the presen t 
actually composed of three seagrass 
the most abundant along most of the 

appear, 
study. 
species 

generally, to be the same 
The • marine meadows" are 
of wlich Enhalus acoroides is 

transects. 

In an overview, there were actually 
observed between the 1974 survey and the 
interpreting what was observed was quite 
allow future comparative analysis of the 

Areas of Unigue Biological Value 

only a w "differences" 
present ne. The manner of 
differe~t. The present study 
Okat 1:"12 f area. 

The fringing Okat reef area contained a numb r of shallow-water 
habitats, especial l y a wide zone of seagrasses. he Okat harbor margin 
was rich in a variety of corals; however. the dee er parts were composed 
mainly of a fine, black silt. The water above th~ bottom was ve r y turbid. 
Throughout the entire area, eighteen quantitative transects were made, 
and several sites were sampled qualitatively. Th s collecting yielded 
a high number of species and a relatively high di ersity. However this 
diversity was not unusual. Most of the species fund are known from 
widespread Indo- Pacific locations. A few species collected from Kosrae 
represented a considerable eastward extension of heir ranges. 

The shoreward mangrove community is notewort y and has been sug
gested for preservation (Stemmermann and Proby 198). 
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Ciguatera Testing 

Interviews with local health officials and numerous fisherman 
indicated that historically ciguatera poisoning has been a minor problem. 
Only two cases were recalled in recent memory, both ~aving occurred 
approximately three years ago. Tn one case a family was poisoned after 
eating a large balistid, probably Pseudobalistes flavimarginatus and in 
the ether case another family was poisoned after eating a barracuda, 
Sphyraena sp. weighing approximately 10 kg. It was not known whether 
pa r ts of these fishes other than the flesh were eaten. In both cases 
all victims recovered after a period of a few weeks' l 

In an attempt to determine the extent of ciguat r8 1n the Okat Reef 
area , 16 specimens of 13 species likely to he toxic yere collected and 
samples of their flesh and liver were tested by radiiimmune assay 
(Table 30). I 

One species, Cheilious diagrammus had toxic flesh while two others, 
Epinephelus caeruleopunctatus and Ctenochaetus striatus had flesh of 
questionable toxicity. Liver samples of two additioaal species, Caranx 
lugubris and Epibulus insidiator were toxic. While other, larger 
specimens of fishes such as snapper, Lut1anus argentimBculBlUS. and the 
whitetip reef shark Trienodon obesus were toxin free; the percentage of 
economically important species with flesh or livers Qf 'questionable or 
definite toxicity indicat~ that there is the potenti~l for a ciguatera 
problem in the area. It is surprising that more cas.s of poisoning have 
not been reported. As construction and dredging activities proceed, 
ciguatera levels should be monitored carefully, sinc, evidence elsewhere 
has indicated such activities may provide favor able conditions for out
breaks of poisoning. 
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CONCLUSIONS 

Because of the physiographic configuration of Okat reef, surface water 
curr ent direction and speed were primarily controlled by tidal flow. The 
reef flat was exposed at low tide and covered during high tide . Dredged 
material from the boat channel will mostly flow southward toward the harbor. 
Silt derived from rnnway fill should also flow southward. The coral com
munity at the harbor margin is presently one adjus~d to living in silt
laden waters. However the entire harbor margin itself will be dredged. 

Silt derived from construction operations will generally flow south
ward . Presently , the h2rhor itself has a fine silt bottom and the patch 
reefs and southern reef ma r gin are covered with a fine silt and have biotic 
cormnunities which reflect at silt streaa. Construction- derived in the 
harbor itself should cause the heavier silt particles to fallout in i-In 

already silted area. 

Construction of the boat channel will destroy, considerable part of 
the solid reef flat ; therefore removing a great dea~ of habitat itself. 
However, with a channel along the mangrove coast, general current circu1a
tion patterns may increase. supplying a great er water mass which may assist 
in removing si1t-laden wBter in currents toward the harbor mouth . After 
construction, this channel may act as a fish nursery ground much like the 
two reef-flat holes do now. Since the channel Will j contain water continu
ously, corals will probably settle 1n areas with ap~ropriate hard sub
strate. The shading brought about by the br idge may also increase den
sities of fishes . 

The bridges or causeways to the airfield and t9 the proposed dock 
should have adequate culverts to allow normal water ciruclation. The 
bridge to the airfield should have enough navigatio~ space to allow out
triggers to pass through. Since the water flowed generally southward 
there are no specific recommendations about actual locations of culvert
produced circulation . Since this a rea was dry and exposed during normal 
low tides. water flow is normally Quite irregular. jGenerally, as the tide 
hee~n to increase there was a seepage of water on t~e exposed reef flat 
northward from the harbor. Water would enter the causeway- surrounded area 
frolD both the north and south with open culverts i n the causeway. Dur ing 
ou tgoing tides the water would flush to the south. 

The environmental stress of releasing silt int9 water is a threat to 
the biotic conununities of the area . The harbor margin itself will be des
troyed, as will both sides of the harbor entrance. The deeper water silt 
plume will exist through the harbor entrance, and s~lt which settles will 
only add to the silt-covered bottom. The biotic communities to the south 
are already silt adjusted. Permanent transects wer~ made at T-6c and SRF 
so t":lat future investigations would have a definite reference point. 

Dredged areas will eventually be recolonized. otile animals, which 
would probably leave du ring construction, would probably return upon 
completion of active operations. 
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TABLES 
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Table 1. Paths, velocities, and direction o f IIIOvement of drift drogueB released 1n the Btudy area . The drift d lrectionB given for the points 
when drogue posit i ons ~ere determined are only indicative of straigh t -line movement even though actual pathR trRvel1~rl mRy be cu rv~d . 

Directions indicated for drogue paths are those toward which the drogue waa 1IIOving whereas wind directions are thos<! from which the 
wind was blowing. 

Release Time 4 Time Dilltance Drogue Velocity Ddft Wind Velocity 
Date Station Drogue No . /De~th (.~ io ~Min) ~1II~ ~./hr~ Direction Ti_ Directton ~Knotal Remarks 

May 26 i-A 1 0815 .0 17> m 240 0815 .0 5.0 
2-A 5 0825 '0 50 50 '" Hung-up o~ ~ndurance tvice 

.lifter release 
I-A 1 0915 .0 0 0 0 0915 50 12.5 
2-A 5 0925 .0 120 120 J 19 
I-A 1 101 5 65 110 102 " 1015 67 7.0 Tide 
2-A 5 1015 .0 155 155 285 Tl~ lIeight{m) 
1- ' 1 lDO 105 205 117 22', 1130 104 10.0 
2- ' 5 11 25 115 270 l4l 241 0313 1. ' 
H 1 1315 " 115 105 95 13lS llJ 11. 5 0935 0.5 
2-' 5 1320 " '0 " 114 1534 1.4 
1-' 1 1410 70 210 180 JJ 1410 95 8.5 2127 0.5 
2-8 5 1415 70 ,.0 117 207 
l-C 1 iS30 125 450 21. 219 1530 44 9.5 
2-C 5 IHO m 295 142 210 

1735 100 '.0 
------------------------------------------------------------------------------------------------------------
Kay 27 2 1-0 I 08t.5 45 320 421 262 0"" 44 11.0 Tide 

2-0 5 08t.5 100 475 285 2J1 Time Height (lI) 
1-' I 0935 45 240 320 269 0935 BJ 9.0 
2-D 5 1025 70 680 583 342 0)t.8 I.' 1-' 1 1030 '0 m m 279 1030 90 7.5 1011 0.5 
I-G 1 1510 50 245 294 241 1510 " 9.5 1607 1.4 
2-G 5 1 510 50 50 .0 287 2159 0.5 
I-H 1 1600 .0 410 410 m 1600 78 10.5 

--2-<; , 1600---66 305 - e177 '" 
-----------------------------------------------------------------------------------------------
May 29 3 I-A 1 0745 90 460 307 201 0745 III < 1. 0 Tide 

2-A 1 0145 95 260 164 175 
I-A 1 0915 40 m 139 64 0920 <l. 0 Time Height(_) 
2-A 1 0920 40 285 428 193 
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Tablc 1. continued. 

Release Tt.e 6.Time Oistance - Drogue Velocity Drift WItH! Velocity 
Dile Station Drogue No./Depth (III) in (Min) {II!} _ _ _ (1II/hr) D!rectlon Ti_ Direction (Kno18) 

H.:iy )0 , 

May 31 , 

H ,-. 
1-' ,-. 
1 A 
2-A 
.l-A 

'-A 
1-' 
2-' 

l-C 
'-C 
l-C 
'-C 

[ 

1 
[ 

[ 

[ 

1 
[ 

1 
[ 

[ 

1 
1 
1 
[ 

1007 60 
1007 60 
1105 360 
lIOS 360 

OSlO 70 
OSlO 70 
0940 l2J 
0940 12l 
1155 205 
1155 205 

0955 120 
0955 120 
1155 244 
1155 244 

o 
o 

'00 
230 

00 
50 

515 
"0 
)[0 
310 

120 
120 
290 
380 

o 
o 

J3 
38 

51 

" 251 
224 
92 
92 

60 
60 
71 
91 

o 
o 

'" 148 

'07 
128 
196 
192 
167 
[67 

249 
249 
[0' 
127 

[007 16 

1105 

0830 72 

0940 54 

0955 25 

1155 159 

< 1.0 

< 1. 0 

6.5 

9.0 

8,5 

8.0 

0452 
lI2l 
1715 

Time 

0527 
11S& 
1750 

Time 

ObOl 
1235 
1830 

Re_ru 

Tide 

Tide 

L> 
0.1 
l.l 

lIetght(m) 

1. ' 
0,7 
1.2 

tlc l gh t (m) 

1. , 
0.8 
1.[ 
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Table 3 . Size distribution, frequency, density, and percent of substrate covered by corals on Transect Id (Fig. 2 ), 
Okat Harbor, Kosrae . Relative values of frequency, density, and percent of substrate covered are also 
given and an importance value is calculated tram the sum of these thr~e values. The symbols under "Size 
Distribut i on" represent the number of observations (n) and the mean (Y), standard deviation (s) range (w) 
of colony diameters. 

~ ~ 

>- >- 0 0 

" o U 0 0 
Size Distribution of c > c >- > >- u > u 

0 ..< 0 UN ..< u 

~ " ..< 0 
Colonies, Diameters " U" ..< e U~ u 0 " c- o c- oo • 00 U 0 • U 0 

(em) • .; . c " .... c " > .... " > 
" . " • • • • • 0 .00 

• OJ 
c • u 
" 0 
o " 0. .... e • 

Corals n y • w .. "'''" " 0. M'" r. u "'''"u H:> 

Pocillopora damicornis 

Po rites andrews! 

Porites lutea 

~ .... Overall De1sity 2.41 per m2 

Percent Substrate C,verage 3.14% 

6 17.65 12.0 3-36 

8 17 .12 12.75 4-44 

15 14.36 11.48 2- 42 

0.5 23.81 0.49 20.69 0.70 22.3 66.8 

0.7 33.33 0.66 27.58 0 .94 29.9 90.81 

0.9 42.86 1.25 51.72 1.50 47.8 142.38 

i 
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Table 4. Size distribution, f requency , density, and percent of substrate covered by corals on Transect 1 e (Fig. 2 ) , 
Okat Harbor , Kosrae. Relative values o f frequency , density, and percent of substrate covered a re also given 
and an importance value is calculat ed from the sum of these three values . The symbols under "Si ze Distr i bu
lion" rt:! pcesent the number of observations (n) and the mean (7), standard deviation (s) range (w) of colony 
diameters. 

~ 

~ O ~ • 
Si ze Distribution of " " 0 0 u 

u • u • • " " > " " > " 
u > " rn 

Colonies Diameters • ''; . "N ''; " " .,; " " 
(em) " " " .,; . " .,; . " " . " " . e- rn e- • rn • u • rn u • o " • ~ . " " ~ " " > ~ " > "'~ y " . " •• •• • 0 •• 0 S rn 

Corals n s w .. "' .. '" '" "'''' "'u "''''u .... :> 

Pocillopora damicornis 8 8.90 4.46 2-19 0.8 44.4 0.786 44.4 0.34 16.67 105.47 

Poc illopora sp. (re d) 1 18.33 -- -- 0.1 5.6 0 . 099 5.6 0. 15 7.35 18.55 

Porites lohata 1 12.00 -- -- 0.1 5.6 0.099 5.6 0.06 2.94 14.14 

Porites lutea 5 18.25 0 .17 1-55 0.5 27.78 0.492 27.78 1. 44 73.04 128.6 

Favites abdita 3 5.88 1.02 4-10 0 .3 16.66 0.295 16.66 0.05 2.45 35.77 

y 

Percent Substrate Coverage 2 . 04% 
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Table 5. Size distribution. frequency, density, and percent of substrate cove red by corals on Transect 4 (Fig . 2 ). 

Okat Harbor, Kosrae. Re l ative values of frequency , density, and percent of s ubstrate cove red are also 
given and an importan ce value is calculated from the sum of thps€' values. The symbols under "Size Distribu
tion" represent the number of observations (0) and the mean (Y). standard deviation (5) range {w} of 
colony diameters . 

~ ~ • >- >- 0 0 u 
u • u • • ~ Size Distribution of c > c >- > >- ~ > ~ • .... • ~N . .. ~ c .... c ~ 

Colonies Diameters , ~ , .... " ~ .... . ~ ~ . ~ " . 
~ • ~ 0 • 0 u • 

• u • 
o , 

Corals 
(em) • ~ • c " .... c ~ > ~ ~ > O-~ 

" • " •• • • • 0 
• • 0 

e • 
y .. 0: .. 

" 0-
0: " o.u o:o.u H> 

n s w 

Pavona decussata 1 26.38 0.1 9.09 0.11 9.09 0.496 16.37 34.55 

Pavona varians 2 Ill. 95 6.4 5-17 0.2 18 .18 0.22 18.18 0.234 7.72 44 . 08 

Porites lutea 8 114.07 5 . 67 2-52 0.8 172.72 I 0 . 89 I 72 . 72 I 2.300 I 75.91 ~21. 35 

~ Overall Density 1.22 per 1m2 

Percent Substrate Coverage 3.03% 
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Table 6. Si ze distribution , frequency , density, and percent of substrat e covered by corals on Transect 5 (Fig . 2 ), 
Okat Harbor, Kosrae . Relative values of fre quency, density, and percent of substrate covered are also 
given and an important value is calculated f rom the s um of these thre~ values. The symbols under "Size 
Distribution" represent the number of observations (n) and the mean (Y), standard deviation (s) range (w) 
of colony diameter . 

~ ~ ,., ,., 0 o 0 
Si ze Distribution of u o u • 

" > " 
,., > ,., ~ > ~ 

Colonies Diameters 0 ..< 0 ~N ..<~ " ~ " 0 ~ " ." . ~..< . " ~ 0 " 
(em) "" . "" • • • u • • u 0 

• .; . " " .; " " > .; " > 
01 Y " o " o • • • • 0 • • 0 

c, n 5 w ... "' ... " 0- "''' o.u "'o.U 

Acropo ra humilis 1 5 .92 -- - 0 . 1 5.88 0 . 146 2 . 7 0 .007 0 . 123 

Acropora hyacinthus 1 4 .4 7 -- -- 0.1 5.88 0. 146 2 . 7 0 .004 0.070 

0 
u 

" • ~ 
" 0 
0 0 
0- .; • • .... :> 

8 .7 

8 . 66 

Po rites andrews! 2 22.18 2 . 87 14-27 0.1 5.88 0.292 5.4 0.212 3.74 15.02 

Porites lutea 28 16 . 84 19.66 3.78 1.0 58.8 4.05 75 . 67 3 . 899 68 . 78 203 . 25 

Favia pallida 1 19 . 34 -- -- 0.1 5 .88 0.146 2 . 7 0.079 1.39 9.97 

Favia speciosa 1 11.49 -- -- 0.1 5.88 0.146 2 . 7 0.28 0.494 9.07 

Platygyra daedal ea 3 26.44 16.52 13- 53 0.2 11. 76 0.437 8.1 1.439 25 . 38 45 . 24 

Overall Density 5.4 per m2 

Percen t Substrate Coverage 5 .7% 
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Table 7. Size distribution, f requency, density, -
Okal Ha r bor, Kos rne. Rel ative values 0. 

given and an importance value is calclj~ 

Distribution" represent t he number 0;': 
of colony diameters. 

Si ze Distriru' .'In of 
Colonies, rl , ~ t ers 

r. "' n 
_ (cw) 
Y I S W 

Stylocoeniella arma t a 1 2 . 4' -- --
Pocillopora damicorn1s 4 9.53 5.55 3-18 

Pavona divaricata 2 3.00 1.41 2-4 

Pori tes andrewsi , 20. 19 10.22 3-39 

Porites :!..u t, 13 9.83 5.12 4-28 

Porites mn 2 20 . 58 8 .32 0-70 

Gonias_rea __ J thl:::; 2 5.62 1.94 3-7 

Heliopora _oerulea 3 17.60 5.34 9- 31 

Overall Density 3.84 per m2 

Percent Substrate Coverage 
1.56% 

~ 

·ate co, '!:red by co ra l s on Transect 6c (Fig . 2), 
IS1t:y. and p~. : ent: of s ubstrate coven!c.l are a lsu 
1m of these r "'!.e vaJue~ . The symbo l s under "Size 

~n) and the mean If). standard dev i ation (s) range (w) 

~ ~ w 

" " 0 0 u 
u w u w w " " > " " > " 

~ > ~ • w ~ W ~N ." ~ " ." " u , u , 
"" E u"" w " ~ . " " . 0' • 0' m • m u • • u w o , 

• ~ . c " ~ " " > oJ " > "'"' " . " " . • • • 0 • 0 e • 
" "''' '" '" "'''' o.u o:o.u HO> 

0 . 1 4.34 0.12 3.12 0.01 0.1 7.55 

0.3 13 .04 0.48 12,5 0.11 7.1 32 . 64 

0.1 4.34 0.24 6 . 25 0 .01 0.28 10 .87 

0.4 17.39 0.60 15.63 0.60 p8 . 46 71.48 

0.9 39.13 1.56 40.63 0.39 5.00 104.76 

0 . 2 8.69 0 . 24 6.25 0.22 4 .10 29.04 

0.2 8.69 0 . 24 6.25 0.02 1. 78 16.22 

0. 1 4.34 0.36 9.38 0 .24 5.38 29.10 



" -

,. 
~ 

Table 9 .. Size distribution, frequency, density, and percent of substrate covered by corals on Transect 8 (Fig. 2 ) , 
Okat Harbor , Kosrae. Relative values of frequency. density. and percent of sL<bstrate covered are also 
given and an importance value is calculated from the sum of these three values . The symbols under "Size 
Distribution" represent the number of observations (n) and t:le mean (Y), st;}od~rd deviation (5) and range 
(u) of colony diameters. 

~ ~ • 
'" >- 0 0 u 
u • u • • c 

Size Distribution of c > c '" > '" ~ > ~ • • ••• UN ~ U " ~ c U 

Colonies, Diameters 
, U , .... e U ~ . - U • _ -. c- o 0 • • • u • o u • o ;:I 

(em) • .... . c _ 
.... c - > .... - > 0. .... - . - • • • • • 0 • .0 6 • 

Corals n Y s w "- ",o. 
" 0. "''' o.u ",o.u H> 

St"flocoentella ar.n~ .. t.1!. 
, 7.94 - - 0.1 5.26 0 . 178 4 0 . U2 0.J84 9.64 " 

Acropora R.rbll~cula 2 12.29 10.32 5-24 0.2 1n. 53 0 . 250 8 0 . 13 2.49 21.02 

Acropora diQitifera 1 6. 92 - - 0.1 5.26 O. ::"28 4 0 . 01 0.192 9.45 

Porites andrews! 1 17.00 - - 0.1 5.26 0.128 4 0 . 09 1. 72 10 . 98 
, 

Porites lutea 7 33 . 00 13 . 51 19 .. 73 0 . 5 26.32 0.89 28 2 . 74 52.59 106.91 I 

PorItes (Subcolumllar sp. 1) 1 7. 00 - - 0.1 5.26 0.:28 4 0.02 0.384 9 . 64 

Porites (S":n.1rea) iW3yamaensis 8 26.21 12.95 13-64 0.4 21.05 1.02 32 2.09 40 . 12 93.17 

-E'avia---pa 1-4-i-da 2 !-J. r4- 1~t. -r-5 C--O-:-z- 10.53 0.256 8 <0.01 0.173 18.70 

Platygvra lamellina : 12 . 00 - - 0.1 5 . 26 0.1.28 4 0.04 .768 10.03 

Cvphast~ea microohthalma 1 14.28 - - 0.1 5 . 26 0.128 4 0.06 1.15 10.41 

Overall Density 3.2 per m2 

Percent Substrate Coverage 5.21% 
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Table 8. Size distribution. frequency . density, and percent of substrate covered by coral s on Transect 7 (Fig.2). 
Okat Harbor, Kosrae . Relative values of freq uency, density, and percent of substrate covered are also 
given and an importance value is calculated from the sum of these thr e e va lues. The symbols und er "Si ze 
Distribution" represent t he number of observa t ions (n) and the mean (Y), standard deviation (5) and range 
(w) of co l ony diameters . 

Size Distribution of 
Co l onies. Diameters 

Corals n 

Acropora hyacinthus 1 

Montipora e hrenberg!i 1 

Montipora verrucosa 1 

Pavona (Polya st rea) ohtusata 1 

Porites lut ea 7 

Porites cE. P. andrewsi 2 

Porites (Synarea) iwayamaensis 3 

Favia pallida 1 

Platygyra daedalea 2 

Diploastrea heliopora 5 

Plesiastrea sp. 1 

Galaxea fascicularis 1 

Heliopora coerulea 2 

Z 
Overal~ Density 2.15 per m 

Y 

6.48 

17.97 

17 . 00 

8.94 

58.11 

33.74 

34 .66 

30.59 

13 . 62 

109.69 

22.23 

8 .06 

49.48 

Percent Subs trate Coverage 39.58% 

s '" 
- -

- -
- -

- -
37 . 86 12-128 

13.07 20-56 

17.62 16-56 

- -
2 .36 11-18 

87.83 8-280 

- -
- -

61. 61 5-117 

'" u c • , 
~ • • "-

0.1 

0 . 1 

0 . 1 

0.1 

0.5 

0. 2 

0.3 

0.1 

0.2 

0.4 

0.1 

0. 1 

0.2 

~ ~ • 
'" 0 0 u 

• u • • 0 
> 0 '" > '" u > u • ~ . uN ~ u 0 ~ 0 u 
u , ~ e u ." • • u •• • • · ~ • • • u • 

• u • 
o , 

~ . o • ~ 0 
• > 

~ • > o.~ • • • • • • • 0 • • 0 
e • 

"'"- " 0. "''' .. U "' ... U H> 

4.0 0 . 077 3.57 0.01 0.02 7 . 59 

4 .0 0. 077 3.57 0.09 0.23 7.80 

4 .0 0.077 3 . 57 0.08 0.20 7.77 

4.0 0.077 3.57 0. 02 0.05 7.62 

20 . 0 0.538 25. 00 9.04 22.83 67.83 

8 . 0 0.154 7 . 14 0. 68 1. 72 16. 86 

12.0 0 . 230 10 . 71 1.18 2 .98 25 . 69 

4 . 0 0 . 077 3.57 0.26 0.66 8.23 

8.0 0.154 7 .14 f-o.ll 0.28 15. 42 

16 .0 0.384 17 .85 25.52 64.48 98.33 

4.0 0 . 077 3.57 0 . 14 0 . 35 7.92 

4 . 0 0 . 077 3 . 57 0 . 02 0.05 7. 62 

8.0 0 .154 7.14 2.43 6.14 21. 28 
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Table 10. Size distribution, frequency, density, and percent of substrate covered by corals On South Hol e Transect 
(Fig. 2). Okat Harbor, Kosrae. Relative vabues of frequency, density, and percent of substrate covered 
are also given and an importance value is ca lculated from the sum of these t hree values. The symbols 
under lI Size Distribution" represent the number of observations (n) and the mean (Y), standard deviation 
(s) range (w) of colony diameters. 

Size Distribution of 
~ ~ • >- >- 0 0 u u 

• u • • c c > c >- > >- ~ > ~ • • ~ . ~N ." ~ c ~c ~ , ~ , ..; 6 ~ ~ . ~ ~ . ~ ~ . 
C' 

• C' • • • u • 
• u • 

o , • ~ . c ~ .... c ~ > ~ ~ > 0. .... 

Coral s y " · " •• • • • 0 
• • 0 

o • n s w "' "'"' " 0. "''' o.u '" 0. U H> 

Porites andrewsi 5 77.32 55.58 17-162 0.2 50.00 0.94 71.43 47.43 72 . 58 194.01 

Porites (Synarea) iwayamaensis 1 89.32 - - 0.1 25.00 0.176 14. 28 8.88 13.59 54.87 

T_u_rbinaria sp. 1 283.96 - - 0.0 25.00 0.176 14.28 9.04 13.83 53.11 

Overall Density 1. 29 per m2 

Percent Substrate Coverage 65.35% 
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Table 11. Size distribution, frequepcy, density, percent of substrate covered by corals on North Hole Transect (Fig. 2). 
Okat Harbor, Kosrac. Relative values of frequency, density. and percent of substrate covered are also given 
and an importance value is calculated from the s um of these three values. The symbols under "Size Distribu
tion" represent the number of observation (n) and the mean (Y), standard deviation (s) range (w) of colony 
diameters. 

~ 

"" 

Corals 

Pocillopora damlcornis 

Montipora (Trabeculate sp . l) 

Porites andrews! 

'orites lutea 

.'arites (Synarea) iwayamaensis 

E Euphyllia glabrescens 

Overall Density 2 .62 per m2 

Percent Substrate Coverage 41.14% 

Size Distribution of 
Colonies . Diameters 

(em) 
D Y s w 

3 15. 7 8.8 7-32 

1 20.78 -- --
14 67.9 67.7 11-271 

2 54 . 57 36.49 23-85 

2 16 .81 15.41 5-32 

4_ ~UB 13 .04 7 ·. ~L 

'" '" u 
• u c > c • ~ . 

" U " 0-
• 0-• .... . 

" · " ... 0: •• 

0.2 12.5 

0.1 6.25 

0.7 43.75 

0.2 12.5 

0.2 12.5 

--'l .2..... .-l.2...5 

~ ~ • 0 

• 0 

u • c 
'" > '" U > U • UN ~ U 

" 00 .... " U 

." e U ." . " U • " " . • • 00 u • 
• u • o " c " .... " " > .... " > 0. .... •• o • • 0 
• • 0 • • 00. 0:0 o.u ",o.U H;> 

0.303 11.54 0.271 0.659 24 . 70 

0.lD1 3.85 0.131 0.318 10.42 

1.417 53.85 37.54 91. 24 188.84 

0.202 7.69 2.20 5.35 25.54 

0.202 7.69 0.242 0.588 20 . 78 

n..403 15. • .34 .0.7.53 ~ 83 29 _n 
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Table 12. Size distribution, frequency. density. and percent of substrate covered by corals on Transect SRF (Fig. 2) , 
Okat Harbor, Kosrae. Relative values of frequency , density, and percent of substrate covered are also 
given and an importance value is calcula t ed from the sum of these thr~e values . The symbols under "Size 
Distribution" represent the number of observations (n) and the mean (Y) , standard deviation (s) range 
(w) of co l ony diameters. 

~ ~ • ,., ,., 0 0 u 
Size Distribution of u • u • • " " > " " > ,., ~ .:;~ • Colonies, Diameters • ..... ~N .... ~ " ~ , ~ , ..... ~ .... . " ~ . " " . (em) c- o c- o o 0 u • " u • o , • ~ . " " ~ c " > ~ " > 0..-< 

" . " • • •• • 0 • • 0 e 0 
Corals n y 5 W ... "' ... o 0. "'0 "'U "'"'u ... :> 

Pocillopora damicornis 4 13.47 6.96 4-20 0.4 n .05 0.45 20.0 0.344 3.39 44.44 

Acropora dwaricata 1 5.92 - - 0.1 5.26 0.11 5 . 0 0 . 014 0.14 10 . 39 

Acropora hebes 3 20. 32 17.79 5-44 0.3 15.78 0.34 15.0 0.73 7.25 38.03 

Porites andrewsi 3 12.92 5.68 6-19 0.3 15.78 0 . 34 15.0 0.22 2.19 32.97 

Porites lichen 2 10.61 1.0 8-16 0.1 5 . 26 0.23 10.0 0.89 0 . 88 16.14 

Porites lutea 4 5.91 1.98 5-24 0.4 21.05 0.45 20 . 0 0.06 0 . 59 41.64 

Porites (arborescent sp. 1) 2 97.84 53.94 6-138 0.2 10.53 0 . 23 10.0 8.66 85.48 106.01 
--

Pl~Y8yra daedalea 1 4.92 - - 0.1 5.26 0 . 11 5.0 0.01 <0.09 10.35 

Overall Density 2.27 per m2 

Percent Substrate Coverage 10.13% 
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Table 13. Size distribution, frequency, density, and percent of substrate covered by corals on Transect OR-l (Fig. 2), 
Okat Harbor, Kosrae. Relative values of frequency, density, and percent of substrate covered are also 
given and an importance value is calculated from the sum of these three values. The symbols under "Size 
Distribution" represent the number of observations (n) and the mean (Y). standard deviation (5) and range 
(w) or colony diameters. 

Size Distribution of ~ ~ -Colonies, Diameters >- >- 0 0 u 
u u u • • c 
c > c >- > >- U > U • • ..... UN .... U C .... C U 

(em) " U" ..... u .... • >< U • >< >< • .,. . .,. • • • u • • u _ 
a " • .-< -

c >< .-< c >< > .-< >< > 0.'-< 
>< • >< . - • • 

_ 0 

• • 0 • • Corals n Y 5 W ... "' ... 00. "'0 0.0 "'0.0 H> 

Pocillopora eydouxi 1 13.96 - - 0.1 4 0.12 4 0.06 2.01 10.01 

Acropora danai 3 10.26 2.81 8-81 0.3 12 0 . 37 12 0.10 3.53 27.53 

Acropora humilis 3 18.56 4.18 15-32 0.3 12 0.37 12 0.34 11.43 35.43 

Acropora hyacinthus 1 42.00 - - 0.1 4 0.12 4 0.55 18 . 84 26.84 

Acropora irregularis 3 22.23 4.09 8-48 0.3 12 0.37 12 0.58 19.83 4].83 

Montipora ehrenbergii 2 22.50 2.85 9-]6 0.2 8 0.24 8 0.38 J 2.89 28.89 

Porites lutea 1 8.00 - - 0.1 4 0.12 4 0.02 0.68 8.68 

Favia speciosa 2 16.68 18.12 ]-]0 0.2 8 0.24 8 0.28 9.52 25.52 

Favites abdita 1 9.80 - - 0.1 4 0.12 4 0.03 1.02 9.02 

Gooiastrea edwardii 4 18.30 8.15 9-42 0.4 16 0.50 16 0.48 16.46 48.46 

Platysyra daedalea 1 8.37 - - 0.1 4 0.12 4 0.02 0.75 8.75 

Hydoophora monticulosa 2 9.81 2.56 8-15 0.2 8 0.24 8 0.06 2.11 18.11 

Millepora platvphvlla 1 8.94 - - 0.1 4 0 . 12 4 0.02 0.75 8.75 

Overall Density 3.12 per m2 

Percent Substrate Coverage 2.94% 



~able 14 . List of corals observed within the study area by transects. Symbols represent their relative 
abundance around the various transects. O=dominant, A-abundant , O~occaslonal, R~rare. 

TRANSECTS 
CORALS Id Ie 4 5 6c 7 8 SRF NH SH OR 

CLASS - ANTHOZOA 
ORDER - SCLERACTINIA 

SUBORDER - ASTROCOENIINA 
FAMILY - ASTROCOENIIDAE 
Stylocoeniella armata (Ehrenber g) R 0 R R 0 0 R R 

FAMILY - THAMNASTERIIDAE 
Psammocora contigua (Esper) R 0 0 
Psammocora digitata Milne Edwards & Haime R R 
Psammocora explanatula (Vanderhorse) R 
Psammocora (Ramose sp . 1) R 

FAMILY - POCILLOPORIDAE 
Seriatopora hystrix Dana R 0 
Pocillopora damicornis (L1nnaeus) 0 A A 0 0 0 0 0 0 

~ Pocillopora danae Verrill R R R R 
~ Pocillopora elegans Dana R 

Pocillopora eydouxi Milne Edwards ~ Haime 0 
Poc1llopora meandrina Dana 0 0 0 R R 
Poclllopora sp. (Red) R 

FAMILY - ACROPORIDAE 
Acropora arbu5cula (Dana) 0 0 
Acropora d1varicata (Brueggemann) R R 0 
Acropora diversa (Dana) R R 0 
Acropora florida (Dana) R R 
Acropora formosa (Dana) 0 
Acropora humilis (Dana) R R 0 
Acropora hyacinthus (Pana) R R R 0 
Acropor a intermedia (Milne Edwards & Haime) 0 
Acropora irreRularis (Brook) R 



Table 14. continued. 

TRANSECTS 
CORALS Id Ie 4 5 60 7 8 SRF NH SH OR 

Acropora kenti (Brook) R 
Acropora monticulosa (Dana) R 
Acropora nasuta (Dana) R R 
Acropora ocellata (Dana) 0 
Acropora palmarae Wells R 
Acropora smithi (Bernard) R 
Acropora wardi (Dana) 0 
Acropora (Corymbose sp. 1) 0 
Acropora (Corymbose sp. 2) 0 
Acropora (Corymbose sp. 3) R 
Astreopora myriophthalma (Lamarck) R R R 
Montipora digitata (Dana) R R 0 0 
Montipora divaricata Brueggemann 0 A 0 0 
Montipora ehrenbergii Verrill R R 
Montipora socialis Bernard R 

'" Montipora venosa (Ehrenberg) R 

'"' Montipora verrilli Vaughan R .." 
Montipora verrucosa (Lamarck) R 0 

Montipora (Tuberculate sp. 1) R 
SUBORDER - FUNGI INA 

FAMILY - AGARICIIDAE 
Pavona decussata Dana 0 0 0 
Pavona divaricata (Lamarck) 0 0 
Pavona mu1tivensis (Linnaeus) 0 
Pavona varians Verrill R 
Pavona (Explanate sp. 1) R 
Pavona (Foliaceous sp. 1) R 
Pavona (Polyastrea) obtusata (Quelch) R R 0 R 0 
Pavona (Po1yastrea) venosa (Ehrenberg) R 
Pachyseris rugosa (Lamarck) R 
Pachyseris spe_cio_s_a (Dana) R 



Table 14. continued. 

TRANSECTS 
CORALS Id Ie 4 5 6c 7 8 SRF NH SH OR 

FAMILY - FUNGIIDAE 
Fungia (Ctenactis) echinata (Pallas) 0 0 
Fungis (Fungia) fung1tes (Linnaeus) 0 0 0 
Fungia (Pleuractls) scutaria Lamarck 0 A 
Herpolitha limax (Esper) R 
Halomitra lrregularis Gardiner R 

FAMILY - PORITIDAE 
Goniopora arbuscula Umbgrove R R 
Goniopora lobata Milne Edwards & Haime R 
Porites andrewsi Vaughan 0 0 0 0 0 D D 0 
Porites annae (Crossl~nd) R 
Porites australiensis Vaughan 0 0 
Porites cocos ens is Wells R R 0 0 
Porites lichen Dana 0 0 
Porites lohata Dana 0 0 
Porites lutea Milne-Edwards & Haime A A D D A 0 A 0 R R R 

~ Porites murrayensis Vaughan 0 0 0 0 
~ 

Porites nigricans Wells R 0 A 0 
Porites (Ramose sp.I) R R 
Porites (Synarea) convexa Verrill R 0 
Porites (Synarea) horizontalata Hoffmeister A 0 
Porites (Synarea) iwayamaensis Eguch! 0 A 0 0 

FAMILY - FAVIIDAE 
Favia pallida Dana R R R 0 0 0 
Favia rotumana (Gardiner) R 
Favia speciosa (Dana) 0 0 
Favia stelLigera (Dana) R R 
Favites abdita (Ellis & Solander) R 0 R 
Favites pentagona (Ehrenberg) R 
Favites virens (Dana) R 
Goniastrea edwards! Chevalier 0 
Goniastrea pectinata (Ehrenberg) R R 



... ... 

Table 14. continued. 

:oJ!. 
YKY 

& Solander) 
(Ehrenberg) 

(Lamarck) 
phryg 

Hydnop 
& Solander) 

(Lamarck) 
ydnoph.ora exesa 

Leptastrea bottae Milne-Edwards & Haime 
Leptastrea purpurea (Dana) 
Montastrea curta (Dana) 

microphthalm (Lamarck) 
... Tn." 

Galaxea fascicularis (Linnaeus) 
FAMILY - MERULINIDAE 
Merulina ampliata (Ellis & Solander) 

FAMILY - MUSSIDAE 
Lobophyllia corymbosa (Forskaal) 
Lobophyllia costata (Dana) 
Symphyllia agaricia Milne Edwards & Haime 

FAMILY - PECTINIIDAE 
Echinophylila aspera (Ellis & Solander) 

SUBORDER - CARYOPHYLLIINA 
FAMILY - CARYOPHYLLIDAE 

Jphyllia glabrescens Chamlsso & Eysenhardt 
~ .• -- .-- "'_1-. .. ___ .1 .. _.1_.1 Milne-Edwards & Haime 

FAMILY - DENDROPHYLLIIDAE 
Turbinarla sp. 1 
Tur~inarla sp. 2 

ORDER - COENOTHECALA 
FAMILY - HELIOPORIDAE 

He1iopora coerulea (Pallas) 

R 

o 

o 
o 

R 

R 

R 

TRANSECTS 

R 

o 

o 
o 

o a 
R R 

o 

R R 
R 
R 

R R 

R 

o R 

R 

R 

R 
R 

R 

o 0 

R 

o 

R 

R 

o 
o 

o 
R 

R 
R 

R 

R 

R 
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Table 14. continued 

CORALS 

ORDER - STOLONIFERA 
FAMILY - TUBIPORIDAE 

Tubipora musica (Linuaeus) 

CLASS - HYDROZOA 
ORDER - MILLEPORINA 

FA."1ILY - NILLEPORIDAE 
Millepora dichtoma Forskaal 
Millepora platyphyllia Hemprich & Ehrenberg 

ORDER - STYLASTERINA 
FAMILY - STYLASTERIDAE 

Distichopora violacea Pallas 

Total Genera 35 

Total Species 105 

TRANSECTS 

Id le 4 5 6c 7 8 SRF NH SH OR 

R R 

R 

R 
o 

R 

o 
o 



Table 15. Abundance of ~croinverlebrates (ind i viduals/IOml ) at Okat, Kosral!. 

Reef Flat Intertidal TTan8~rr~ Subtidal Tran~ect8 

3A lA " lC 10 iE " " "C 2. '" SH "" 4 , 7 8 OR-l 

Porifera 
Purple sponge D. ) 9 .4 3.2 0.05 

Annel ida 
Sptrobrdnrhu8 sp. \.4 0.1 0.8 

Mnllu!lrll 
Aatraea rhodo!ltl"ma 0.1 0.3 
Conu:; Illi3rmoreufI 0.01. 0.4 0.1 0.1 
Cypraea [igrhl 0.1 0.3 0.05 
Drup .. riclnu!! 3.0 
Terebra suhulata 0.14 
Trochus lnrrassat,u'i 0.05 0.4 
T. nl10rlcu" O. OS O.IS 0.1 O.OS 0.05 0.1 
~ sp. n.os 

~ Tr Idacna maxtllloa 0.05 0.1 
~ 

Ecohl ooderma 1:8 

1..!JI_~ Ihl ""-,!tray I O.IS n.lS O.J 0.) 
Ltnkta laevtgacD 0.1 0.05 0.05 
L. mult!f(\ra 0.1 0.1 0.2 
Astrnpyga radt}lta 0.05 0.05 2.0 
EchtllOlietra I'Illthael 0.1 1.7 
~in"o_ ~c"I-"pendrina 0.1 O. ) 0.05 0.05 
St lchopus .. hlnrClnllt"~ n.o O. Ob 0.2 11.1. 21. JS 9.85 13.25 4.4 •• 4 4.4 0.15 0 . 1 
S. \lnrren(: 0.4 0.1 '.2 
IInhadsch1a arguF 0.1 0.05 0.1 
fl. sueffe! 0.05 
Hnlnthur!8 hll1a 0.22 8. ) 0.45 J.&5 1..35 
H. arra 1.5.6 21.77 26.6 24.6 27.9 10.4 ]1.95 15.3 0.95 8.05 0.1 1.> 0.1 1.4 
H. edul1!" 2. , 0.4 O. S5 



Table 16. 
2 

Density of ho1ochurjans (individua1s/10 m ) at site 200 m north of 
Souch Hole . 

Transect A Transect B Y s 
1 2 1 2 

Holothuria atra 262 273 253 256 261.0 ± 8 . 83 

Sl icho£us ch l oronotus 2 
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Table 17. Anthozoans r ecorded from Okat. Kosrae . 

TRANSECT 
5 7 8 OR-l 

Anthozoa 
A1cyonacea 

Aloyoniidae 
Cladiella sp . x 
Sarcophz:ton sp. 1 x 
Sarcophz:ton spp. x x 
Sinu1aria sp. 1 [cf., E01Idactz: l a (Ehrenberg)] x 
Sinularia sp. 2 x 
Sinularia sp. 3 
Sinularia sp. 4 x 
Sinu1aria sp . x x 

Neptheidae 
Dendronephthz:a sp. 
unidentified sp. x 

Zoanthidea 
?Pabthoa sp. x 

Antipatharia 
Antipathes ?undula t a van Pesch 
Cirrhipathes anguina Dana x x 
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Table 18 . Crustaceans from Kesrae. 
Plus (+) denotes observed but no t collected. (Okat: Intertidal- I, sand; 

2, seagraSS j 3, rock and/or r ubble; Subtidal- 4, sandi 5, live coral; 6. rock 
and/or rubble; 7. mangrove. Other l ocations: 8, Lelu; 9. Pukusrikj la, Tafunsak . ) 

Intertidal 
1 .z 3 

Crustacea 
Stomatopoda 

Gonodactylidae 
Gonodactylus inCipens Lanchester 
Pseudosguilla hieroglyphica Manning x 

Isopoda 
Ligiidae 

Ligla sp. x 

Decapoda 
Alpheidae 

Alpheus breviEes Stimpson 
A. lot tin! Gu rin 
Alpheus sp. x 

Palaemonidae 
Conchodztes tridacnae Peters 

Stenepodidae 
Steno~ hispidus (Olivier) x 

Palinuridae 
Panulirus longipes (A. Milne Edwards) 
P. versicolor (Latrei lle) 

Homaridae 
+Enoplometopus sp. x x x 

Callianassidae 
Upogebia sp. x 

Porcellanidae 
Petrol is t hes asiaticus (Leach) x 
P. fimbriatus Borradaile x 
P. lamarcki! (Leach) x 
P. lamarckii var. rufescens (Heller) x 

Diogenidae 
Calcious elegans (R. Milne Edwards) x 
f.. gaimard1 (H. Milne Edwards) 
C. laevimanus Randall x x 
C. latens (Randall) 
Calcious aff. Eulcher Forest 

x x 
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OKAT 

Subtidal 
4 5 6 

x 
x 

x 

x 

x 
x 

x 

x 

x 

7 

OTHER 
LOCATIONS 

8 9 10 

x 

x x 
x x 
x x 
x x 



Table 18. (cont.) 

Intertidal 
1 2 3 

Calcinus sp. 1 
CllbanRrius cnrallinns CH. Milne 

Edwards) 
C. striolatus Dana 
Dardanus deformis (H. Milne Edwards) x 
Q. guttatus (Olivier) 
Q. lagopodes (For skaal ) 
Q. megistos (Her bst) x 
D. scutellatus (H. Milne Edwards) x 

Paguridae 
Orthopagurus harmsi Gordon 
pylopaguropsis zebra (Henderson) x x 

Coenobitidae 
Coenobita rugosa H. Milne Edwards 

Dromiidae 
Dromidiopsis cranioides (DeMan) x 

Hapalocarcinidae 
Fungicola ut1nomi (Fize and Serene) 
Hapalocarcinus marsupialis Stimpson 
Pseudocryptochirus kahe McCain and Coles 
unidentified spp. 

Calappidae 
CalaEpa hepatica (Llnnaeus) 

Portunidae 
Portunus longisplnosus bidens 

(Laurie) 

x x 

x 

x 

x 

Scylla serrate (Fo rskaal) 
Thalamita crenata (Lat reille) 

?T. demani Nobili 
x x 
x 

!. pilumnoides Borradaile 
T. sima H. Milne Edwards 

Xanthidae 
~ melanodactylus deHaan 
Domecia hispida Eydoux and Souleyet 

x 

+Eriphia sebana (Shaw and Nodder) x 
Etisus dentatuE (Herbst) x 
Liomera cf. laevls (A. Milne Edwards) y 
1.. rugats (H. Milne Edward?) x 
?Pseut!o11omera remota (Rat.M'.!L: x. 

OKAT 

Subt idal 
4 5 6 

Yo 

x 

x 

x 
x 
x 
x 

x 
x 

x 

7 

x 

OTHER 
LOCATIONS 

8 9 10 

x 
x 

x 

x 



Table 18. (cont.) 

Intertidal 
1 2 3 

Tetralia glaberrlma (Herbst) 
?Trapezia dentata Dana 
1. guttata Ruppell 
1. ferruginea Latreille 
T. maculata (Macleay) r. rufopunctata (Herbst) 
Zozymus aeneus (Linnaeus) 
unidentified spp. 

Grapsidae 
+Grapsus tenuicrustatus (Herbst) 

Pachygrapsus minutus A. Milne Edwards 
R.. planifrons deMau 
Percnon abbreviatum (Dana) 
R.. planissimum (Herbst) 
?Varuna litterata (Fabricius) 

Gecar cinidae 
+Cardisoma sp. 

Ocypadidae 
Ocypade cord imana Desmarest 
Q. stimpsoni Ortman 
Uca chlar ophthalmus crassipes 

(Adams and White) 
U. vacans vocans (Linnaeus) 

Majidae 
Composcla retusa Latreille 
Huenia proteus deHaan 
unidentified sp. 

Parthenopidae 
Parthenape (Rhinolambrus) sp. 

x 
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x 
x x 

x 
x 
x 

x 

x 

x 
x 

OKAT 

Subtidal 
• 5 6 

x 
x 
x 
x 
x 
x 

x 

7 

x 

x 

OTHER 
LOCATIONS 

B 9 10 

x 

x 
x 
x x 

x 

x 
x x 

x 

x 



I........... 

Table 19 . Molluscs from Kosrae. 
Asteris~ (*) denotes specimen collected dead. (Okat: lntertidal- 1, Rand; 

2, seagrass; 3, rock and/or rubble; Subtidal- 4, sand; 5, live coral; 6, rock 
and/or rubble; 7, mangrove. Other Locations: 8, Lelu: 9, Pukusrik; 10, 
Tafunsak.) 

Gastropoda 
Pate111dae 

unidentified spp. 

Trochidae 
Euchelus atratus (Omelin) 

*Monilea philippiana Dunker 
rectus pyramis (Born) 
Trochus incrassatu5 Lamarck 
T. niloticus Linnaeus 

Turbinidae 
Astraea rhodostoma (Lamarck) 
Turbo argyrostomus Linnaeus 

*T. petholatus Linnaeus 

Nerit idae 
NeriCe albic ilIa Linnaeus 
~. grayana Recluz 
~. plicata Linnaeus 
N. polita Linnaeus 
N. reticulata Karsten 
Nerita sp. 
Neritina bensoni Recluz 

Littorinidae 
Littorina coccinea (Gmelin) 
1. scabra (Linnaeus) 
h. undulata Gray 
Littorina sp. 
Nodolittorina millegrana (Philippi) 
Tectarius sp. 

Planaxidae 
unidentified sp. 

Cerithidac 
Cer ithium columna Sowerby 

*£. echinatum (Lamarck) 
f . nodulosum Bruguiere 
.£. cf. zonatus 
Cerithium spp. 

63 

Intertidal 
1 2 3 

x x 

x x 
x x 

OKAT 

Subtidal 
• 5 6 

x 

x 

x x 
x x 

x 

x 
x 

x 

x 
x 

x x 

x x 
x 
x x 

x 

x 

7 

x 

x 

OTHER 
LOCATIONS 

8 9 10 

x 

x 

x 

x 

x x 
x x 
x x 

x 
x 
x 
x 
x 

x 

x 

x 

x 

x 

x 



Table 19. (cont.) 

OKAT OTHER 

Intertidal Subtidal LOCATIONS 

1 2 3 4 5 6 7 8 9 10 

Cerithidae (cont. ) 
Rhinoclavis aSEera (Linnaeus) x 
R. sinensis (Gmelin) x 

Strombidae 
Lambis lamb1s Linnaeus x x x 
Strombus g1bberulus (Roeding) x x 
S. luhuanus Linnaeus x " S. mutablis Swainson x 

Capulidae 
CaEulis danieli (Crosse) x 
Capulis sp. x 

Calyptraeidae 
Cheilea eguestris (Linnaeus) x 

Cypraeidae 
Cypraea annulus Linnaeus x x x x 

*C. arabica Linnaeus x 
f. caputserpentis (Linnaeus) x 
C. carneola Linnaeus x 
f. depressa Gray x 
C. erosa Linnaeus x x 

*£. globulus Linnaeus x 
C. helvola Linnaeus x 

*C. isabella Linnaeus x 
f. ~ Linnaeus x x 
C. moneta Linnaeus x x x x 

*f. poraria Linnaeus x 
*C. testudinaria Linnaeus x 
f . tigris Linnaeus x x x x 
C. vitellus Linnaeus x x 

Naticidae 
Natica gualtieriana Recluz x x 
N. zonal us Recluz x 
Polinices melanostomus (Gmelin) x 

·P. tumidus (Swainson) x 

Tonnidae 
*Tonna .E.erdix (Linnaeus) x 

Cytnatiidae 
Cymatium muricinum (Roeding) x 
C. nicobaricum (Roeding) x 
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Table 19. (cont.) 

OKAT OTHER 

Intertidal Subtidal LOCATIONS 

1 2 3 4 5 6 7 8 9 10 

Bursidae 
Bursa buffoni,:) (ernelin) x 
B. e ruentata (sowerby) x 
B. granularis (Roeding) x 

Murieidae 
Drupa morum Roeding x 
D. ricinus (Linnaeus) x x x x 
Q. rubusidaeus Roed ing x 

Drupella eorous (Roeding) x x x 
Morula bieoniea (Blaioville) x x 
M. grauu)ata (Du("'los) x x 
E. margaritaeola (Broderip) >: x x 
~ . uva (Roeding) x 
Morula sp . x 
Nassa serta (Bruguiere) x 
Thais hippocas tanum (Philippi) x x 

MagUidae 
Coralliophila pyriformis Kira x 
C. violaeea (Keiner) x 
Leptoconehus lamarckii (DeSha yes) x 
L. striatus Ruppell x 

Quoyula monodonta (Blainville) x 
~Rapa rapa Linnaeus x 

Columbellidae 
Pyrene ocellata (Link) x x 

Buccinidae 
Cantharus fumosus Dillwyn x x 
C. undosus Linnaeus x 
Engina mendicaria (Linnaeus) x x x 
Engina sp. x 

Nassariidae 
Nassarius albescens (Dunker) x 
*~ . margaritiferus (Dunker) x 
*,!!. E:8E:illo9uS (Linnaeus) x 

N. vitiensis (Hombron and Jaquinot) x 

Fasciolariidae 
Latirus sp. x 
Peristernia sp. x 

Vasidae 
Vasum turbinellus --- (Linnaeus ) 7-
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Table 19. (cont. ) 

OKAT OTHER 

Intertidal Subtidal LOCATIONS 

1 2 3 4 5 6 7 8 9 10 

Harpidae 
*Har£! amouretta (Roeding) x 

Mitridae 
1mbricaria punctata Swainson x 
Mitra eremitarum (Roeding) x x 
M. mitra Linnaeus x x 
M. paupercula (Linnaeus) x 

*M. stictica (Link) x 
~l. acuminata (Swainson) x 
Vexillum Elicarium (Llnnaeus) x 

Canidae 
*Conus capitaneus x 

C. catus Hwass x 
C. chaldeus Roeding x 
C. coranatus Gmelin x x 
C. dis tans Hwass x 
C. ebraeus Linnaeus x x 
C. eburneus Hwass x 
C. flavidus Lamarck x 

*f. geographus Linnaeus x x 
~. l itoglyphus Hwass x 

*£. litteratus Linnaeus x 
C. lividus Hwass x 
.£ . magus Linnaeus x x x x 
C. marmoreus Linnaeus x x x x x 
C. miles Linnaeus x 
C. miliaris Hwass x 
C. musicus Hwass x 
C. pulicarius Hwass x x x 
C. rattus (Hwass) x 
C. sangutnolentus Quoy and Gaimard x 
C. sEansalis Hwass x x x x 
C. vexillum Gmelin x 

Terebridae 
Terebra affinis Gray x 
1.. babylonia Lamarck x 
T. columellaris Hinds x 
T. crenulata (Linnaeus) x 

*1. felina (Dillwyn) x 
T. maculata (Linnaeus) x 
T. paucistriata (E . A. Smith) x 
T. subulata (Linnaeus) x 
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Table 19 . (cant.) 

OKAT OTHER 

Intertidal Subtidal LOCATIONS 

1 2 3 4 5 6 7 8 9 10 

Janthinidae 
""Janthina sp. x 

Pyramidellidae 
Pyramidella ~ (Gmelin) • x x x 
P. terebellum (Mueller) x 

HydaUnidae 
Hydatina EExsls (Linnaeus) x 

Bullidae 
*Bulla vernicosa Gould x 

Aplysiidae 
Oolabrifera dolabrifera Linnaeus x 
Phyllaplysia taylori (Oal1) x 

Phyllidiidae 
Phyllidla elegans Bergh x 
P. trilineata (Cuvier) x 
Phyllidia cf. variabilis (Collingswood) x 
Phl.llidia cf. tula Marcus and Marcus x 

Ellobiidae 
MelamEus flevus (Omelin) x x x x 

Bivalvia 
Arcidae 

Area sp. x 

Mytilidae 
Modiolus sp. x 

Pteriidae 
Pinctata maraaritafera (Linnaeus) x x 

Spondylidae 
Spondylus sp. x 

Chamidae 
Chama iostoma Conrad x 
unidentified sp. x 

Cardiidae 
Fragrum fragrum (Linnaeus) • x 

Tridacnidae 
Tridacna maxima (Roeding) x x 

Veneridae 
Pitar sp. • x 
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Table 20. Echinoderms from Kosrae. 
Plus(+) denotes observed but not collected. 

2, seagrass; 3, rock and/or rubble: Subtidal- 4, 
and/or rubble.) 

(Okat: Intertidal- I, sand; 
sand; 5, live coral; 6, rock 

Crinoidea 
Comasteridae 

Coman thus bennet! (J. Muller ) 

Asteroidea 
Oreasteridae 

Intertidal 
1 2 3 

OKAT 

Subtidal 
4 5 6 

x 

Choriaster granula t us Lutken x 
+CulcUa novaegutneae Muller and Troschel x x 

Ophidiasteridae 
Linckie laevigata (Linnaeus) x x 
L. multifora (Lamarck) x x 
Linckia sp . [Blue-gray] x x 
Neoferdina cf. offreti (Koehler) x 

Acanthasteridae 
+Acanthaster planei (Linnaeus) 

Eehinasterldae 
Eehinaster luzonicus (Gray) 

Ophiuroidea 
Ophiotrieh1dae 

Maerophiothr1x longipeda (Lamarck) 

Ophiocomidae 
Ophiocoma pica Muller and Troschel 
Q. scolopendrina (Lamar ck) 
?Ophiocomella sexradia (Duncan) 
Ophiomastix caryophyllata Lutken 

Echinoidea 
Cldaridae 

Eucidaris metularia (Lamarck) 

Diadematidae 
Astropyga radiata (Leske) 
Diadema savignyi Michelin 
Ech1nothrix calamaris (Pallas) 

Toxopneustidae 
Tripneustes gratilia (Linnaeus) 
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Table 20. (cont.) 

Echinometridae 
Echinomet~a mathaei (deBlainv111e) 

Holothuridea 
Holothuriidae 

Intertidal 
123 

x 

Actinopyga mauritiana (Quay and Gaimard) 
Bohadschia argus Jaege~ 
~. graeffe i (Semper) 
B. marmorata Jaeger 
Holothuria (Halodeima) atra Jaeger 
H. (Halodeima) edulis Lesson 
H. (Me~tensiothuria) leucospilota 

(Brandt) 
H. (Mertensiothuria) pervicax 

Selenka 
H. (Solenkothuria) moebii Ludwig 
H. (Thymiosycia) hilla Lesson 

Stichopidae 
Stichopus chloronotus Brandt 
S. horrens Selenka 
Thelenota anaoas (Jaeger) 

Phyllophoridae 
Afrocucumis africana (Semper ) 

Synaptidae 
Euapta godeffroy! (Semper) 
Synapta maculata (Chamisso and 

Eysenhardt) 
Synaptid sp . 
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Table 21. Ecological distribution of fishes observed in the OJv.'lt Reef area with 
estimates of relative abundances based on transect counts and qualitative 
observation. (Refer to text for definition of habitats and key below 
for explanation of symbols.) 

• c u '. • u .. " .. 
" • c .. " .. "' "' c '" 0 • • 

" "- a '. '" n. " ... • x " .. a 

'" ~ " :'l "' ~ ~ .. • u 
~ '" • • • .. • • • • > .. '" ~ ~ ~ '" '" 0 • "- .. • • 

" .. " a c c " " '" " ~ • ~ D C C • • c • • ~ • .. • • ~ ~ 

• • 0 0 • .!! .c 6 0 0 

TAXA " '" " 0 '" u 0 0 

Carcharhinidae (Requiem sharks) 
Carcharhious amblyrhynchos (Bleeker) 
C. melanoeterus (Quoy & Gaimard) R R 
Trienodon obesus (Ruppel]) 0 

Dasyatidae (Sting rays) 
Uoid. sp.l R 

Mobul idae (Manta rays) 
Manta sp. 2 

Muraenidae (Moray eels) 
Echidna nebulosa (Ahl) R 
Cymnothorax flavlmarsinatus (Ruppell) R 
G. javanicus (Bleeker) R 
G. ~ictus (Ahl) + .: 
G. undulatus (Lacepede) R 
~. richardson! (Bleeker) 0 

Ophichthidae (Snake eels) 
Myrichthys colubrinus (Boddaert) R 

Synodontidae (Lizardf !shes) 
Saurida gracilis (Quoy & Gaimard) + * 0 R R 0 0 
Synodus sp.4- 0 C 

Carapidae (Pearlfishes) 
Cara~ sp.] + III 

Exocoet idae (Flyingfishes) 
Cypselurus brachypterus Richardson4 -+ * III 

Hemirhamphidae (Halfbeaks) 
Hemirhamphus marginatus (Forsskal) + 0 0 

Athcrinidae (Silversides) 
Praenesus sp. + C A 
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Table 21. continued 

• ~ c u ~ 

~ 
.~ • 0 • "" " 0-• • c " " 0 • ..; ..; .;1 ~ • :1l • " -0 '" 0 '" 0- ;- 0 • x '" " 0 

~ ~ u :l! ..; ~ ~ ~ • • u • '" • • • • • • • :c • • • > • '" ..; .... .... '" '" '" 0 • ... " • • u " " 0 c c " " " '" "" ~ • ~ -" c c • • • c • • u • u • • u u u 

ill • 0 " • • "' "' " " " TAXA '" ,- 0 '" " u u 0 0 c 
Holocentridae (Squirrelfishes) 

Adlorlx caudimaculatus (RuppeH) R 0 0 0 
A. microstomus (Gunther) + 0 R R 
A. sEinifer (Forsskal) 0 R R R 0 
A. tiere (Cuvier & Valenciennes) + , 0 C 
Adioryx sp. 5 + I 0 
Flammeo laevis (Gunther) + R 
F. 0I!ercularis (Cuvier & Valenciennes) R 
F. sammara (Forsskal) + 0 A 0 
My r ip ristis adustus Bleeker t 0 
M. amaenus (Castlenau) R g. murdjan (Farsskal) + 0 R 0 0 C 0 
M. pralinius Cuvier + 0 
M. violaceus Bleeker 0 R 

Aulostomidae (Trumpetfishes) 
Aulostamus chinensis (Linnaeus) 0 R 

Fistulariidae (Cornet fishes) 
Fistularia commersoni Ruppell C R 0 

Syngnathidae (PipeEishes & Seahorses) 
Corythoichthys intestinalis Ramsay + * 0 0 0 C R 

Scorpaenidae (Scarpionfishes) 
Pterais antennata (Bloch) R 
P. volitans (Linnaeus) + -* 0 
Scarpaenodes guamensis (Quay & Gaimard) + 0 
Synaaceia verrucosa Bloch & Schneider + t 0 R 

Caracanthidae (Velvetflshes) 
Caracanthus sp. + 0 

Serranidae (Groupers) 
An thias dispar (Her re & Montalban) + + C A A A 
!. pascalus (Jordan & Tanaka) :t A C 0 
Anthias sp.6 :1: 0 
Anthias sp.7:t:: C A A A 
CephaloEholis araus (Bloch & Schneider) * R R 0 0 0 
f . miniatus (Forsskal) * + R 0 
£. leopardus (Lacepede) 0 0 
C. urodelus (Bloch & Schneider) R R 0 0 
Cephalopholis sp .8 + * 0 0 
Gracila albomarsinata (Fowler & Bean) + R 
Epinephelus caeruleopunctatus (Bloch) "' R 
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Table 21. con tinued 

• ~ 
0 u ~ 

ro 0 
~ w "" " 0-
ro • 0 - " 0 

w ,.., ,.., 0 '" • • • " " "' 0 ~ "" 0- ;;: ~ " • '" "" " 0 
~ ~ " .!!i 

,.., ~ ~ '" w 0 ~ • " '" • • • • w • ro '" • • • > w "' 
,.., ,.., ..., 

'" '" '" 0 • "' " • • " " " 0 0 0 " " " '" "" ~ • ~ ~ 0 0 • • • 0 ro " ~ • " • • ~ w ~ ro • 0 , • • u '" , , , 
TAXA '" '" ,- 0 "' '" u 0 0 0 

Epinephelus hexagonatus (Bloch & Schneider) R 
E. merra (Bloch) C C R R a a 
E . microdon (Bleeker) R 
E. spilotoceps Schultz R R 0 
Epinephelus sp.g R 
Epinephelus sp. R 
Plectropomus leopardus (Lacepede) R 

Grammistidae (Soapfishes) 
Grammisces sexlineatus (Thunberg) :to 0 R 

Pseudochromidae (Bass lets) 
Pseudochromis porphyreus Lubbock & Goldman R a 
P. xanthochir Bleeker R 
P. fuscus Muller & Troschel R 

Plesiopidae (Prett-yfins) 
Plesio£s corallicola Bleeker a 

Apogonidae (Cardinal fishes) 
Apogon angustatus Smith & Radeliffe + R 
A. kallopterus Bleeker a a a 
A. novemfasciatus Smith & Radcliffe + C C a a c a 
A. nubl1us Garman + R R a 
A. nlgro fasc iatus Lachner R 
Apogonichthys ocellatus Webe>r + R 
Apogoni chthls sp. R 
Apogon sp. a 
Apagon sp. A 
Archamia fucata (Cantor) .. 0 
A. leptacanthus Bleeker + :to A 
Cheilodipterus macrodon (Lacepede) R 
C. quinquelineatus Cuvier & Valenciennes a 0 
Sphaeramia orbicularis (Cuvier) A 

Branchiostegidae (Tilefishes) 
Hoplolatilus starcki Randall & Dooley 0 0 

Carangidae (Jacks) 
Carangoi de!; orthogrammlls .Torrl;1O F. Gilbert + R C 
f. lugubris Poey • a a 
f. melamEygus (Cuvier & Valenciennes) + R 0 0 a 0 a 
Caranx sp . R 
DecaEterus sp. a 
Trachinotus blochii (Lacepede) a 
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T:lble 21. continued 

• ~ 

.~ u ~ • 0 ~ • 00 " 0. • • c " " 0 00 -< ~ c ~ • • • " ~ "' 0 ." '" 0. >: H " • '" '" " 0 

'" ~ " • -< ~ ~ ~ 
00 • ~ ~ >: '" • • • • 00 • • • • • > • '" 

,.., ,.., 
~ '" '" '" 0 • "" " • • " " " 0 0 0 " " " 

"" 
'" u • ~ .c 0 0 • • • 0 • u • c • • u u u • • 0 " • • G .c " " " TAXA " '" " 0 '" '-' 0 0 0 

Lutjanldae (Snappers) 
Aphareus fu r catus (Lacepede) of R 0 0 C 0 
A. rutilan s Cuvier & Valenciennes 0 0 
Aprion virescens Cuvier & Valenciennes R 
Lutjanus ar~en timaculat u s (Forsskal) R 0 
L. bohar (Forsskal) :f R R R 0 C 
L. ·fulvus (Bloch & Schneider) + 0 A C R 0 C c 
L gibbus (Forsskal) A A 
L. kasmlra (Forssk .. l) + * n R C c 
L. monosti~mus (Cuvier & Valenciennes) 0 R 0 0 0 
L. fulviflamma (Forsskal) "* A A L. semicinctus Quoy & Gaimard R R 0 0 
Lutjanus sp. + R 0 0 
Lutjanus sp . R 
Lujanus sp. + * R 

Caesionidae (Fusiliers) 
Caesio caerulaureus Lacepede a c c c 
C. xanthonotus Bleeker * 0 C C C 
Caesio sp. 0 a 0 
Pterocaesio tile (Cuv ier & Valenciennes) 0 C C 

Nemipteridae (Thread f Lns) 
Scolopsis cancel1atus (Cuvier & 

Valenciennes) * C 0 R R C 0 

Pomadasyidae (Sweet I ips) 
Plectorh~nchus cinctus (Temminck Ii< 

Schlegel) R 
p. gOldmanni (Bleeker) R 
P. lineatus (Linnaeus) R 
P. nigrus (Cuvier & Valenciennes) 0 

Lethr1nidae (Emperors) 
Gnathodentex aureoljneatus (Lacepede) C 
Lethrinus harak (F"rsskal) * C R R 
~. nematacanthus Bleeker + *10 

R 0 R 0 0 

L. miniatus (Bloch & Schneider) R R R 0 0 
~. kallopterus Bleeker R 
Lethrinus sp . C R R 0 
L. micro don Valenciennes R 0 0 
~. variegatus Valenciennes R 
Monota~is grandoculis (Forsskal) R 0 a c c 0 
Macolor niger (Forsskal)* R R C 
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Table 21. continued 

• ~ 
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Leiognathidae (Mojaras) 
Gerres sp. e 

Mullidae (Goatfishes) 
Mulloidi chthys flavolineatus (Lacepede)+ :f A 0 0 A C 0 
M. vanicolensis (Cuvier & VaLenciennes) R 
Parupeneus barberinus (Lacepedc) + e 0 R R C 0 0 e 0 
P. bifasciatus (Lacepede) t R R 0 0 e e 
E. cyclostomus (Lacepede) 11 0 R R 0 0 0 0 
P. indiru.c:; (Shaw) A 0 R 0 
P. trifasciatus (l,a cepede) 0 C 0 A e A e 
Parupeneus sp. +ftI 

Pempheridae (Sweepers) 
Pempheris oua1ensis Cuvier & 

Valenciennes + 0 

Kyphosidae (Rudder fishes) 
Kyphos\ls cinerascens (Forsska 1) R 0 0 
R. lembus (Cuvier & Valenciennes)12 

Ephippidae (Spadefishes) 
Platax orbicularis (Forsskal) t 0 0 

Chaetodontidae (Butterflyfishes) 
Chaetodon auriga Forsskal + * a a R c C R a a 
c. bennetti Cuvier a R R C. c itrinellus Cuvier + 0 0 R C 0 0 a c 
C. ephippium Cuvier e 0 R a 0 R C 
c. kleini Bloch R 0 C 0 C. 1unu1a (Lacepede) C 0 0 a C. melannotus Bloch & Schneider + R R C. mertensi! Cuvier R R C. meyeri Schneider + ~ R 0 a C. ornatissimus Cuvier R R C. punctatofasciatus Cuvier R 0 0 a 
C. raflessi Bennett * 0 0 C. reticulatus Cuvier R a a C. trifas ciatus Park a A 0 R a 0 C. ulietensis Cuvier a 
C. unimacul at us Bloch 0 
~. vagabundus (Linnaeus) + * a 0 a 0 a 0 a 0 
Forcipiger flavissimus Jordon & McGregor R 0 a 
Heniochus chrysostomus Cuvier + 0 R 0 a a 
H. monoceros Cuvier & Valenciennes 0 0 
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Tahle 21 . ("ont inued 
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Heniochus singularis Smith & Radcliffe 
H. varius (Cuvier) + 
Megaprotodan trifascialis (Quay & Gaimard) 

Pomacanthidae (Angelfishes) 
Centropyge bicolor (Bloch) * 
C. flavissimus (Cuiver & Valenciennes) 
C. heraldi Schultz Woods & Schultz 
C. loriculus (Gunther) * 
C. rnulticolor Randal l & Wass 
C. multifasciatus Smith & Radcliffe 
C. vrolicki (Bleeker) * 
Euxiphipops xanthometapon (Bleeker) 
Pygoplites diacanthus (Boddaert) + * 

Pomacentridae (Damselfishes) 
Abudefduf sexfasciatus (Lacepede) 
A. sordiclus (Forsskal)13 
~. waigiensis (Quoy & Gaimard) 
Amblvglyphidodon aureus (Cuvier & 

Valenciennes) + 
~. curacao (Bloch) 
Amphiprion chrysopterus Cuvier & 

Valenciennes) * 
A. perideraion Bleeker 
Chromis acares Randall & Swerdloff * 
~. agilis Smith 
~. amboinensis (Bleeker) ~ 
C. elerae Fowler & Bean 
C. caerulea (Cuvier & Valenciennes) + t 
f. lepidolepis Bleeker * 
f. margaritifer Fowler + 
C. ternatensis (Bleeker) 
C. vanderbilti (Fowler) * 
f. xanthura (Bleekpr) * 
Chromis sp . 14 
Chromis sp. 
Dascyllus aruanus (Linnaeus) + 
D. melanurus Bleeker + * 
~. trima culatus (Ruppell ) + 
Eupomacentrus albifasciatus (~chlegel & 

Muller) 
~. [as ciolatus (Ogilby) 
E. lividus Bleeker * 
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Table 2l. continued 
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TAXA 

Eupomacentrus nigricans (Lacepede) + C A C R 

Glyphidodontops biocellatus (Quoy & 
Gaimard) + A A A C C 

G. glaucus (Cuvier & Valenciennes) 0 A 

Q. leucopomus (Lesson) 0 C 
Q. traceyi (Woods & Schultz) + R R A C 0 C 
Lepidozygaus tapienosoma (Bleeker) + 0 
Plectroglyphidodon dickii (Lienard) R 0 A C 

P. irnparipennis (Vaillant & Sauvage) 0 
P. johnstonianus Fowler & Ball R 0 
f. lacryrnatus (Quay & Gaimard) R R 
f. leucozona (Bleeker) 0 R 
Pomacentrus pavo Bloch + ~ A A 
P. pbilippinus Evermann & Seale + * R 0 A C 0 0 

Cirrhitidae (Hawkfishes) 
Cirrhitichthys oxycephalus (Bleeker) + + C C C 0 
Cirrhitus pinnulatus (Bloch & Schneider) R 
Paracirrhites arcatus (Cuvier & 

Valenciennes) 0 R C 0 0 
P. forsteri (Schneider) R 0 0 0 
P. hemistictus (Gunther) R 
Paracirrhites sp. * R 

Mugilidae (Mullets) 
Unid. sp.IS A 

Sphyraenidae (Barracudas) 
Sphyraena sp. R 

Labridae (Wrasses) 
Anampses twisti Bleeker R R 
Bodianus anthioides (Gunther) R 
B. axillari5 (Bennett) R 
K. mesathorax (Schneider) R 
Cheilinus diagrammus (Lacepede) .:f 0 0 
C. fasciatus (Bloch) R R 0 
C. rhodochrou5 Gunther R 0 0 0 
C. trilobatu5 Lacepede R R 0 0 0 R 
~. undulatus (Ruppell) R R R R 
Cheilio inermis (Forsskal) 0 
Cirrhilabrus 5p.16 + R R 
Coris gaimardi (Quay & Gaimard) R 
Epibulus ins1.Qfator (Pallas) + * R 0 R 0 0 
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Tab Ie 21. continued 

TAXA 

Gompl~ varius Lacepede + * 
Halichoeres centriquadrus (Lacepede) 
H. hoevenii (Bleeker) 
H. margaritaceus (Valenciennes) 
~. marginatus Ruppel1 
H. trimaculatus (Quay & Gai mard) + 
Hemigymnus fasciatus (Bloch) 
~ . melapterus (Bloch) 
Labroides bicolor Fowler & Bean 
h. dimidiatus (Cuvier & Valenciennes) 
~. pectoralis Randall & Springer * 
Pseudocheilinus hex ,Jt~eni.:J (Bleeker) 
P. t e trataenia Schultz 
Pseudodax moluccanus Gunt-her 
Stetho"iulis bandanensis (Bleeker) 
~ . strigiventor (Bennett) 
Thalassoma amblycephalus (Bleeker) * 
T. hardwickei (Bennett) 
I. quinguevittata (Lay & Bennett) 
T. lunare (Linnaeus) 
T. lutescens (Lay & Bennett) 
Thalassoma spp. 17 + II 
Xyrichtys taeniourus (Lacepede) 

Scaridae (Farrotfishes) 
Bolbometapon muricatus (Cuvier & 

Valenciennes) 
Calotomus spinidens (Quoy & Gaima rd) + 
Cetoscarus bicolor (Ruppell) 
Searops rubroviolaceus (Bleeker) 
ScaTus chlorodon Jenyns 
S. fasciatus Cuvier & Valenciennes 
S. Forster! Cuvier & Valenciennes 
S. ghobban Forsskal 
~. gibbus Ruppell 
~. g!obiceps Cuvier & Valenciennes 
S. harid Forsskal 
~. lepidus Jenyns 
~. niger Forsskal 
~. oviceps Cuvier & Valenciennes 
~. sexvittatus Ruppell 
S. sordidus Forsskal 
S. venosus Cuvicr & Valen~iennes 
~. javanicus Bleeker 
Scarus sp . I 
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Table 21. continued 
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Scarus sp. 218 11 a c C 
Scarus sp. 311 c a a a a 
Scarus sp. 411 C c c a 
Scarus sp. 511 a 
Scarus sp. 611 R a 

Mugiloididae (Saad Perches) 
Parapercis sp. R 

Blenniidae (Slennies) 
Aspidontus teaniatus Quay ~ Gaimard + a 
Cirripectes variolosus (Cuvier ~ 

Valenciennes) a c a 
Ecsenius bicolor (Day) a c R 
~. opisfronta1is Chapman & Schultz a 
~. yaeyamaensis (Aoyagi) a 
Meiacanthus atrodorsalis (Gunther) a a 
Blennid sp. + R 
Plaslotremus rhynorhynchus (Bleeker) R R 
P. tapienosoma (Bleeker) R a a a 
Salaries fasciatus (Bloch) + R a c R 
Blennid sp. C 

Tripterygiidae (Triplefins) 
Unid. sp. + R R 

Callionymidae (Dragonets) 
Unid. sp. a 

Gobiidae (Gobies) 
Acentrogobius ornatus (Ruppel1) + a a R a 
Amblygobius albimaculatus (Ruppell) 9 
Periophthalmus koelreuteri (Pallas)l + * R a a a 

Asteropteryx sernipunctatus Ruppel! a a R 
Ctenogobiops sp . R 
Cryptocentrus koumansi (Whitley) * a R a 
Eviota sp. R 
Fusigobius neophytus (Gunther) + * a a a 
GnAtholepis pun tang (Bleeker) + R 
Gnetho1epis sp. R a a 
Nemateleotris magnificus Fowler a a a 
Paragobiodon echinocephBlus (Ruppell) + III R 

78 

-



Table 21- continued 
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"" '" " • ~ -" " " • • • c 0 0 " • u 0 " ~ ~ " ~ • 0 , • 0 .c .c 0 " 6 TAXA on '" 0 '" '" u u " " Ptereleotris evides (Jordan & Hubbs) + C A A A 
Valenciennea strjgatus (Broussonet) a 
~. sexguttatus (Cuvier & Valenciennes) + * 0 
Gobiid sp . R 

Acanthuridae (Suregonfishes) 
Acanthurus glaucoparieus Cuvier 0 0 C 
1;. lineatus (Linnaeus) + 0 0 c C 
A. mata - - - (Cuvier) R 
A. nigricaudus R 0 0 0 
A. nigrofuscus (Forsskal) C 0 C A 0 0 0 
A. nigroris (Cuvier & Valenciennes) 0 C 
A. olivaceus Bloch & Schneider C C C 
A. thompsoni (Fowler) C 0 0 
A. triostegus (L1 nnaeus ) + C A A C 0 0 C 
A. xanthopterus Cuvier & Valenciennes 0 0 0 
Acanthurus sp. ]20 U R C 
Acanthurus sp. 2 + I A R C 0 0 
Acanthurus sp. J U 0 0 0 
Axinurus thvnnoides (Cuvier & Valenciennes) R 
Ctenochaetus cyanoguttatus Randall + 0 R 0 
c. striatus (Quay & Gaimard) + * A 0 A C A C A 
Naso brevirostris (Valenciennes) R 0 R 0 C 
N. hexacanthus (Bleeker) + *' C C 0 C 
N. li turntus (Bloch ~ Schneider) R R 0 0 0 
N. unicornis (Forsskal) 0 0 
N. vlamingi (Valenciennes) + * 0 0 
Naso sp. 2111 0 
Zebrasoma scopas (Cuvier) C 0 C 0 
z. ve!iferum (Bloch) R R 0 

Zancl tdae (Moorishldol) 
Zanclus cornutus (Linnaeus) R 0 0 0 0 0 

Siganidae (Rabbi tfishes) 
Siganus argenteus 0 
s. chrlsoseilos (Bleeker) 22 
~. pucllus (Temminck & Schlegel) R 
~. spinus (Linnaeus) + A A 0 a 
~. virgatus (r.uvier & Valenciennes) R a 
S i.ganus sp. *- a 

Scombridae (Tunas) 
Gymnosarda unicolor (Ruppell) :t 0 0 
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Table 21. continued 

TAXA 

Bothidae (Left-eye Flounders) 
Bathus sp . 
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Balistidae (Trigger fishes) 
Balistapus undu.latus (Park) 
Bal1stoides virldescens (Bloch & Schneider) 
Me1ichthys niger (Bloch) 

R o ORO 0 
R 

M. vidus (Solander) 
Odonus niger (Ruppell) 

o 
o 
o 

o 0 
ROO 

C C 
Pseudoballstes flavimarginatus (Rupp ell) * 
Rhinecanthus aculeatus (Linnaeus) + 
Sufflamen bursa (Bloch & Schneider) 

o 0 

S. chrysoptera (Bloch & Schneider) 

Monocanthidae (Filefishes) 
Amanses scopas (Cuvier) 
Cantherhines dummerilli (Hollard) 

Ostraciontidae (Trunkfishes) 
Ostracion meleagris Shaw 

Tetraodontidae (Puffers) 
Arothron hispidus (Linnaeus) 
A. immaculatus (Bloch & Schneider) E. nigropunctatus (Bloch & Schneider) 
Canthigaster solandri (Richardson) + 
C. valentini (Bleeker) + 

Diodont i dae (Porcupinefishes) 
Diodon hystrix Linnaeus) 

R R 

o 
o 

R 

o 

R 

R 
C 

R 

Key: AgAbundanti ~ 21 individuals on anyone transect or > approximately 40 
individuals sighted per diver hour. whichever is gr eater. CzCommoni 
6-20 per transect or 11- 40 per diver hr. O~Occasional; 2-5 per transect 
or 2- 10 per diver hr. R=Rare ; not more than one individual sighted on 
anyone dive. 

+ Specimen(s) deposited at the University of Guam Marine Laboratory. 

t Photographs available . 
I unidentified juveniles which may be pr eviously listed. Not included 

in the species counts or the analysis a f data. 

HI Not included on the analysis of data. 
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Table 21. continued 

roOTNOTES 

I. One large individual seen at 2 m on the sand slope in Okat Harbor . La r ge 
sting rays are said to be common in many of the la r ge reef ':lat holes . 

2. Also occasionally seen breaking the surface in Okat Harbo r. 

3. Two specimens obtained from the bottom of a bucket containing an 
asteroid, Culetta navaegu l neae [ rom the "'lorth-east hole. 

4. One specimen inadvertently landed .in a skiff whlIe we were fishing for 
ciguatara samples in the channel at night . 

5 . Several collected in tidepools at n ight or by poisoning. This species 
may r epresent the juveniles of one of the above. 

Ii. An undescribed species in the s ubgenus Pccudnnthias a190 known f r om 
the Hawaiian Islands and o t her Il'!do-Pacif1c localities. 

7. Closely resembles Anthias evansi Smith [ r om the Indian Ocean. 

8. Undescribed species s i mi lar to Cephalapholis aurant ius (Valenciennes) . 

9 . One large individual about 1 m SL seen briefly . 

10 . Collected by hand lining at about 10 m in the channel at night. 

Il . Includes two color morphs; one is often known as Parupeneus 
chrysenydros (Lacepede) . 

12. Collected by a local fisherman on the seaward side of Okat Reef . 

13. Juveniles were abundant in rocky pools along the shoreline at the 
extreme northern end of Okat Reef. 

14 . Chromis sp. "A" of Allen (1975) . 

IS . Occasional large schools o[ one or more specles were seen near the 
surface in Okat Ha r bor and along the margins of the mangrove forest. 

l6. Undescribed sp. known from southern Japan, Guam and Enewetak A.toll 
(J. Shepard, pers . comm . ) 

l7. Unid. juveniles, probably mostly!. amblvcephalus. 

18. Scarus spp . 2- 6 represent five distinct juvenile forms , some Dr all of 
which may be identical with the adults of species previously listed . 

19. Common on exposed mud flats inshore of the mangrove forest at the 
northern end of Okat Reef . 

n 



Table 21. continued 

20. Acanthurus spp. 1-3 represent three distinct juvenile forms, some or 
all of which may be identical with the adults of species previously 
listed. 

21. Probably a juvenile of one of the previously listed species. 

22. Speared by a local fisherman, exact locality unknown. 
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Table 22. Fishes censu!'ied on Transects la, lb, and Ie. Total number of each 
species se~n is indicated; asterisks denote species seen 1n the 
immediate area, but not seen on the tr.c:msects. Transects are 
arranged from most inshore (left) to most offshore (right). 

SPECIES 

Gymnothorax pictus 
Myrichthys colubrinus 
Saurida gracilis 
Apagon novemfaseiatus 
ADogonichthys sp. 
Caranx sp. 
Lutjanus fulvus 
k. kasmira 
Scolopsis cancellatus 
Lcthrinus hurak 
Lethrinus sp. 
Mulloidichthys flavolineatus 
Parupeneus barberious 
"t. indicus 
E.. trifasciatus 
Chaetodon auriga 
Q.. ephippium 
~. vagabundus 
Glyphidodontaps bipceJJatus 
Ilalicboeres trim.1.culatus 
Stethojulis strigiventor 
Calotollius spinidens 
Salaries fasdatus 
Acentrogobius .ornatus 
Amblygobius albimaculatus 
Asteropteryx semipunctatus 
Cryptocentrus koumansi 
GobHd sp. 
Aeanthurus triostegus 
Acanthurus sp . 
Siganus spinus 
Bothus sp. 
Rhinecanthus aeuleatus 

No. Species on transect 

No. Species in Vicinity of transect 

No. individua ls on transect 

No. indiViduals per m2 
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TRANseCTS 
la lb Ie 

1 

* 
* 1 

• * 8 
1 1 

* * 
1 * 

* 
* 7 

* * 1 
1 * • 
* 99 35 
* 6 8 

20 11 28 
1 2 
* 5 
* 8 
* 3 
* 28 

'* 1 24 

* 
11 

1 
3 

* * 
* 3 

2 
1 1 

9 
* 1 

* 

7 

17 

27 

50 86 

* 1 

6 

22 

168 

24 
25 

276 

0.18 1.12 1.18 



Table 23. Fishes censused on Transects Id, Ie, 6b, 6c and the South Reef Fla t 
(SRF). Total number of each species seen is indicated; asterisks 
denote species seen in th e immediate area, but not seen on the 
transects. Transects Id, Ie, 6b, a nd 6c <lre arranged from most 
inshore (left) to most offshore (right). 

TRANSECTS 
SPECIES 6h Id 6e 1e SRF 

Carcharhinus melanapterus * 
Echidna nebulosa I 
Saurid'! gracilis " * 
Adtoryx spinifer 2 
Flammeo sammara 3 * 
Fistu]oria cammersonii * Coryrhoichthys intestinalis * 2 
Epinephelus merra 3 2 6 1 
Grammistes sexlineatus 2 
Pseudechromis fuse us 1 
Apogen novemfasciatus 4 8 l 4 1 
A, nubilus I 
AQogon sp. 2 
Lutjanu s semicinctus * 
Scolopsis cancel latus 4 5 5 1 2 
Lethrinus harak l * 1 
V;!thrinus sp . * Monotaxis grandoculis 1 * Mulloidichthys flavolineatus * 3 3 * Parupeneus barberinus 5 1 * P. bifasciatus 1 
f. cyclostomus * * 1 2 
P. trifasciatus 3 2 2 5 l4 
Chaetodon auriga 4 1 4 1 1 
Chaetodon citrinellus 1 3 3 1 1 
C. ephippium 4 J 1 * C. melannotus 1 £. rafflessi " C. reticula tus * C. trifasciatus 1 5 
f.. vagabundus l * 1 
Heniochus chrysostomus 1 
Megaprotodon trifascialis 1 
Abudefduf waigiensis 2 
Chromis caerulea 3 * C. margaritifer * Dascyllus aruanus 89 15 4 59 
D. melanurus 2 11 
Eupomacentrus albifasciatus 49 91 28 83 
E. lividus 17 16 1 109 E. nigricans * 5 14 1,7 
Glyphidodontops biocellatus 77 90 93 21 70 
Q. glaucus 5 288 
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Table 23 . con tinued 

SPECIES 

Glyphidodontops teucopomus 
,Q. traceyi 
Pleetroglyphidodon lacrymatus 
P. leucozona 
Paracirr hites areatus 
Cheilinus trilobatus 
Cheilio inermis 
Epibulus insidiator 
Gomphosus varius 
Halichoeres margaritaceus 
!i. marginatus 
.!:!. trimaculatus 
Hemigymnus melapterus 
Labroides birnlnr 
"Stethojulis bandenensis 
~. strigiventor 
Thalassoma amblycephalus 
T. hardwicke 
T. lunare 
T. luteseens 
! . quinguevittata 
Thalassoma sp. (unid. juveniles) 
Xyrichtys taeniourus 
Calotomus spinidens 
Scarus globiceps 
.§. . oviceps 
Scar us sor-didus 
Scarus sp. 2 
Scarus sp. 3 
Scarus sp. 4 
Plagiotremus tapienosoma 
Salarias fasciatus 
Tripterigiid sp . 
Ace~trogobius ornatus 
Amhlygohius a"lhimaculatus 
Asteropteryx semipunctatus 
Fusigobius neophytus 
Gnatholepis sp. 
Gobiid sp" 
Acanc:nu r us mata 
A. nig ricaudliS 
Acanthurus nigrofuscus 
~. triostegus 
Acanthurus sp. 
Acanthurus sp. 
Ctenochaetus striatus 
Nasa brevirostris 
rr:-lituratus 
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6b 

8 
1 

2 

1 

2 

:::.2 

7 
7 

5 
4 

1 

* 

I, 

TRANSECTS 
Jd be 

1 

8 

* 
2 

1 

* 
2 

* 

* 
4 

4 

2 

2 
2 
1 

10 
7 

5 

1 
I, 

2 

2 

19 
i, 

4 

3 

5 
22 

5 

* 
* 
4 

* 

12 

• 
* 

1. 

4 

21 

" 
37 

5 

1 
3 

* 
71 

13 

1 

6 

* 

2 
56 

1 

5 

SRf 

• 
4 
1 

• 
* 

15 
1 

* 
2 

* 
8 

17 

* 
1 
8 

1 
4 

3 

• 
• 
1 

• 
* 
1 

24 

2 
89 

* 



Table 23. continued 

SPECIES 6b Id 6c Ie SRF 

Zanclus cornutus * * 
Siganus pueUus * 
S. spinus • * 1 1 
Bothus sp. 1 
Rhinecaothus aculeatus • • 

No. Species 00 transect 27 35 33 28 37 

No. Species in vicinity of transect 28 46 44 31 57 

No. individuals or transect 271 263 335 584 586 

No. lndividuals per ml 1. ~l 1. 75 2.23 3 . 89 3.91 
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Table 24. Fishes Censused on Transects 4 and 5. Total number oi ea ch 
species geen is indicated; asterjsks denote speCies seen in 
the immediate area . but not seen on th€ transec ts. 

SPECIES 

Gymnothorax flavimarginatus 
Atherinid sp. 
Saurida gracilis 
~odus sp . 
Adioryx microstomus 
!!.. spinifer 
Flammeo sammara 
Aulostomus chinensjs 
Fistularla commersonii 
Corythoichthys intestinaljs 
Eplnephelus ~ 
Apngnn novemf..lsr.:i;'ltIlS 
Caranx melampygus 
Lutjanus fulvus 
L. kasmira 
I. monostigmus 
Lutjanus sp. 
Scolopsis cancel latus 
Lethrinus harak 
Monotaxis grandoculis 
Mulloidichthys flavolineatus 
Parupeneus barberinus 
P. bifasciatus 
! . cyc1ostomus 
P. trifasciatus 
Chaetodon aul"iga 
C. citrinellus 
C. ephippium 
C. kleini 
C. mertensi i 
C. trifascia t us 
C. vagabundus 
Centropyge vrolicki 
Amblyglyphidodon curacao 
Chromis coerul ea 
f . margar itifer 
Dascyl]us aruanus 
Eupoma~ent~ albifasciatus 
E. livid us 
.§.. nigricans 
Glyphidodontops bioce~latus 
Plectroglvphidodon dicki 
P. leucozona 
Pomacentrus pave 
1. phllippinus 
Cirrhiticht hys oxycephalus 
Paracirrhites forsteri 
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TRANSECTS 

" 5 

23 

• 
4 

2 

9 

4 
1 
6 
1 

* 
3 

4 
6 

* 

* 
8 
2 
9 
2 

* 
1 
2 

* 
1 

5 
" 

* 

" 67 
• 

10 

1 

3 

" 
" 
* 
1 
3 

" 
* 
* 

6 

* 
1 
3 

* 
* 
* 
7 
3 
7 

1 

1 
3 
1 

* 
8 

* 3 
1 
2 

11 
7 

" 

11 

* 



Table 24. continued 

SPECtES 

Hal ichoeres cent,:i9uadru~ 
Halichoeres trimaculatus 
Hemigymnus melapterus 
Labroid es d imid ia tus 
Sbrth~i~~sis 
Thalassoma ambJycephalus 
T. hardwicke 
I. guinQuevittata 
T. lunare 
Thalassoma sp. 
Xyrichtys taeoiouru5 
Calotomus spinidens 
Scarus oviceps 
S. sordidus 
Scarus sp . 1 
Scarus sp . 3 
Scarus sp . 4 
Plagiotremus rhynorhvnchus 
Blennid sp 
Acentrogobius ornatus 
Asteropteryx semipunctatus 
Cryptocentrus koumansi 
Ctenogobiops sp. 
Fusigobius neophytus 
Gnatholepis sp. 
Ptereleotris cvides 
Valenciennea sexguttatus 
~. 5 trigatus 
Acanthurus lineatus 
~. nigra fuscus 
A. olivaceus 
!:.. triostegus 
Acanthurus sp. 
Acanthurus sp . 
Ctenochaetus striatus 
Zebrasoma sca~-----
Z. veH ferum 
Za nclus cornutus 
Sufflamen chrysoptera 

No . Species seen on transect 

No. Species seen in vicinity af transect 

No. individuals on transect 

No . individuals per m2 

BB 

TRANSECTS 
4 5 

* 
I 3 

I 
3 
• 5 

2 
5 

1 
3 * 

25 4 
• 
2 
• 

1 31 
6 
2 
>~ 

* 
3 2 

" 
2 
;, 

2 3 
1 3 

290 
5 

2 

* 4 
2 53 

6 

* 2 
3 8 

* 6 
6 16 
• 2 

* 
* 

1 1 

38 45 

55 66 

520 254 

3.47 1. 69 



Table 25. Fishes censused on Transects 7 and 8. Total number of each 
species seen is indicated; asterisks denote species seen in 
the immediate area, but not seen on the transects. 

SPECIES 

Gymnothorax undulatus 
Saurida gracilis 
Synodus sp. 
Adioryx caudimaculatus 
A. tiere 
MyripriStis murdjan 
M. violaceus 
Fistularia commersonii 
Corythoichthys intestinalis 
$ynanceia verrucosa 
Caracanthus sp. 
Anthias dispar 
fl. pascal us 
Anthias sp. 
Cephalopholls argus 
£. leopardus 
C. urodelus 
Epinephelus merra 
.§: hexaganatus 
_~. spilotoceps 
Pseudochromis xanthochir 
Apogon angustatus 
A. novemfasciatus 
~. nigrofasciatus 
Cheilodipterus guinguelineatus 
Caranx melampygus 
Aphareus furcatus 
A. rutilans 
Lutjanus argentimaculatus 
L. bohar 
L. Tul'VUs 
h. monos tlgmus 
Caesio caerulaureus 
C. xanthonetus 
Caesio sp . 
Pterocaesio tile 
Lethrinus harak 
L. miniatus 
Menotaxis srandoculis 
Hulloidichthys flavolineatus 
Parupeneus barberinus 
P. bifasciatus 
E. cyclostomus 
P. indicus 
P. trifasciatus 
Kyphosus c inerascens 

39 

'TRANSECTS 
7 6 

1 

1 

* 
* 

* 
19 
32 

6 

* 
3 

* 
* 
* 

* 
2 

5 

* 
" 
* 
1 

* 
* 
2 

* 
* 
* 
* 
* 
* 
* 
* 
9 
1 

1 
2 
7 

* 
1 

* 
2 

* • 

* 

1 

" 
J 

* 
* 

* 
* 
J 

• 

4 

) 

* 
* 
* 
* 

22 



Table 25. continued 

TRANSECT 
SPECIES 7 8 

Pempheris oualensis i, 

Chaetodon auriga • " 
C. bennetti 2 
C. citrinellus " 2 
f. ephippium * * 
C. kleini 1 14 
C. lunula * 2 
f.. me;:?:eri 1 
C. ornatissimus * f. punctatofasciatus 1 
C. trifasciatus 1 
C. unimaculatus * 2 
f.. vagabund us 3 " 
Forcipi~er flavissimus 
Heniochus chrysostomus • * 
H. monoceros * H. varius * * 
Centropyge bicalor 3 
C. flavissiIrrus * C. heraldi 1 
C. lariculus * 
C. vralicki * 2 
Euxiphipops xanthometapan * 
Pygoplites diacanthus 1 2 
Abudefduf waigtensis * 
A. sexfa sciatus 4 * Amblyglyphidodon aurea 1 
Amphiprion chrysopterus • 
A. perideraian * 
Chromis acares 48 
C. agilis * 
C· amboinensis * 
C. elerae * 
~. lepidolepis 139 5 
C. margaritifer 39 46 
C. vanderbilti 24 * C. xanthura 2 * Chromis sp. IiA" * Chramis sp. 5 4 
Dascyllus trimaculatus * 
Eupomacentrus nigricans 1 
Gl yphidodontops traceyi 34 19 
Plec t raglyphidodon dicki 1 3 
P. cf . j ohnstonianus 1 
P. laccymaLu::; 1 * 
Pomacentrus philippinus 28 14 
Cirrhitichth;:?:s ox;:?:cephalus 15 7 
Paracirrhites arcatus * * 
P. fors teri 2 1 
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Table 25. continued 

SPECIES TRANSeCT 7 8 

Cheil i nus rhodoch r ous 
C. undulatus 
Epihulus insidiator 
Gomphosus varius 
Halichoeres centriQuadrus 
H. hoevenU 
H. marginatus 
Labroides bicolor 
L. dimidiatus 
!:.. pectoralis 
Pseudocheilinus h~ataenia 
Pseudodax moluccanus 
Stethojulis bandanensis 
Thalassoma amblycephalus 
T . hardwicke 
f . guinqucvittata 
T. lutescens 
Tha!assoma sp. (unid. juveniles) 
Bolbometopon muricatus 
Calotomus spinidens 
Scarus chlorodon 
S. forsteri 
! . globiceps 
.§: niger 
.~.' oviceps 
§.. j avanicus 
S. sordidus 
Scarus sp . .. 1 
Scarus sp. 2 
Scarus sp. 3 
Scar us s? 4 
Cirripectes variolosus 
Ecsentus bicolor 
E. opisfrontalis 
Meiacanthus atrodorsalis 
Plagiotremus tap i enosoma 
Eviota sp. 
Ptereleotris evid~s 
Acanthurus glaucoparieus 
A. lineatus 
A. nigricaudus 
A. ni grofuscus 
A. nigroris 
A. oHvaceus 
A. thompsoni 
A. triostegus 
A. xanthopterus 
Acanthurus sp. 
Acanthurus sp . 
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* 

1 

1 
1 
2 

1 
2 

* 
* 
5 
• 
4 
1 

410 

* 

* 
1 

* 
* 
* 
1 

1 

1 
2 

1 

* 
285 

1 
5 

2 

8 
10 

* 
9 
4 

* • 
2 

* 
* 
3 
1 
3 

• 
3 
• 
* 

* 
* 
1 

1 
3 

2 

6 

5 

* 
1 
4 
4 

75 
2 

* 
* 
1 

19 
10 

* 
15 



Table 25. continued 

SPECIES 

Ctenochaetus cyanoguttatus 
C. striatus 
Nasa hexacanthus 
N. lituratus 
Zebrasoma scopas 
Zanclus cornutus 
Bathus sp. 
Balistapus undulatus 
Melichthys vidua 
Odoous niger 
Pseudobalistes flavimarglnatus 
Sufflamen bursa - - -..§.. chrysoptera 
Canthi gaster solandri 

No. Species seen on transect 

No. Species seen invicinity of 

No . individuals on transect 

No . individuals per m2 

TRANSECT 
7 8 

2 
212 210 

6 

• 
3 7 
1 • 
• 
• 
4 

* • 
1 

* 7 

* 

62 56 

transect 118 101 

1,420 478 

9 . 47 3.19 
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Table 26. Fishes censused in the North Hole (NH) and the South Hole (SH). 
Total number of each species seen is indicated; asterisks 
denote species seen i n the immediate area, but not seen on the 
transects. 

SPECIES 
TRANSECTS 

NH 5H 

5aurida gracilis 
Adiotyx microstomus 
~ . spinifer 
F lammeo la ev is 
I. opercularis 
F . sammara 
Myriprlstis amaenus 
!:!. murdjan 
!!. pra linius 
M. violaceus 
Aulostomus chinen sis 
Fistularia commersonii 
Corythoichthys intestinalis 
Synanceia verrucosa 
Cephalopholis argus 
Epinephelus ~ 
Grammistes sexlineatus 
Apogou kallopterus 
A. novemfasciatus 
A. nuhilus 
Archamia fucata 
~ . leptacanthus 
Cheilodipterus guioquelineata 
Caranx melampygus 
Carangoides orthogrammus 
Lutjanus bohar 
Lutjanus fu]vus 
L. kasmi ra 
"'[utlanus sp. 
Lutjanus sp. 
Scolopsis cancellatus 
Plectorhynchus lineatus 
Gnathodentex aureolineatus 
Lethrinus harak 
Lethrinus microdon 
Monotaxis grandoculis 
MulloidichthY5 flavolineatus 
Parupeneus barberinus 
!. cyc!ostomus 
P. indicus 
P. trifasciatus 
Chaetodon auriga 
.£. citrinellus 
C. ephippium 
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• 
2 
1 
• 
* 

37 
1 

2 

• 

32 
1 
J 

• 
• • 
8 
• 
• 

25 

* 
1 

* 
2 

12 
1 
7 

1 

1 

3 

1 
3 
3 
2 
7 
2 

* 
* 
6 
1 
4 
2 

• • 
100 

• 
* • 
• 
2 
1 

1 

• 
• 
2 

1 
1 
3 

21 
4 
• 
1 



Table 26. continued 

SPECIES TRANSECTS NH SH 

Chaetodon klein! 
C. melannotus 
C. 1unula 
C. trifasciatus 
C. ulietensis 
Q. vagabundus 
Hemiochus chrysos tomus 
Centropyge vrolicki 
Chromis caerulea 
f. margaritifer 
Dascyllus ~us 
D. melanurus 
D. trimaculatus 
Enpnmacpntrlls al hifasciatus 
E. lividus 
~. nigricans 
Glyphidodontops biocellatus 
Q.. traceyi 
Pomacentrus pavo 
f. philippinus 
Sphvxaena sp . 
Cheilinus diagrammus 
C. fasciatus 
C. trilolatus 
c. undulatus 
C:ixrhilabrus sp. 
Epibulus insidiator 
Gomphosus varius 
Halichoeres hoeveni 
H. trimoculatus 
Hemigymnus fasciatus 
g. melapterus 
Labroides bicolor 
L. dimidiatus 
Stethojulis bandanensis 
Thalassoma hardwicke 
Thalassoma sp. (unid . juveniles) 
Xyrichtys taeniourus 
Calotornus spinidens 
Scarus harid 
~. ovic.eps-
S, sordidus 
Scarus 5p. 4 
Scaru::> :st-'. 

Scar us 5p. 
Scarus sp. 
Scar us 5p. 

2 
3 
5 
6 

94 

* 
1 

12 
25 

4 
3 

163 
3 
5 

114 
1 

* 
30 
36 
14 

22 

* 

* 

5 
2 
1 
1 

* 

1 

3 
6 

4 

* 13 
16 
16 

1 
2 
2 

1 

17 

* 
" 
1 

230 

87 
19 

46 
4 

19 
1 
6 
1 

3 

* 
2 

* 
* 
2 

1 
4 

1 

* 
* 
1 
2 

* 
1 
1 
3 

14 

17 

1 
2 



Table 26. cont inued 

SPECIES 

Aspidontus taeniatus 
Meiacanthus atrodorsa11s 
Plagiot~emus rhynorhynchus 
P. tapienosoma 
Sal arias fasciatus 
Acentrogobius ornatus 
Amblygobius albimaculatus 
Fusigobtus neophytus 
Gnatholepis puntans 
Gnatholopis sp. 
Ptereleotris evides 
Acanthurus ntgrofuscus 
~. nigroris 
A. olivaceus 
~. triostegus 
Acanthurus sp. 
Acanthurus sp. 
Ctenochaetus striatus 
Naso brevirostris 
Naso sp. 
~ sp. 
~asoma scopas 
Z. veliferum 
Zanclus cornutus 
Sigaous argenteus 
Balistapus undulatus 
Canthigaster valentini 

No . Species on transect 

No. Species in vicinity of transect 

No. individuals on t ransect 

No. individuals per m2 

95 

TRANSECTS 
IIH SH 

4 1 
1 
1 
1 

1 

5 
1 

• 
1 
6 

10 4 
5 

l 6 
3 6 
1 

3 
] J 1 OB 369 

2 
l 

2 
9 6 
• 

• 
l 

1 
1 

59 65 

77 86 

1,793 1,072 

11. 95 7.15 



Table 27. Fishes censused on the reet margin. Total number of each species 
seen is indicated; asterisks denote species seen in the immediate 
area. but not seen on the tranSE'cts . 

SPECIES TRAUSECT 
ORM 

Adioryx tiere 
A. spini~ 
Cephnlopholis argus 
C. urodelus 
Epinephelus spilotoceps 
Aphareus fure-atus 
Lutjanus monostigmus 
L. semicinctus 
ScoloPsis cancel latus 
Lethdnus harak 
L. rniniatus 
Macolor niger 
Mul.loldlchthys vanicolensis 
Parupeneus barberious 
!... bifasciatus 
.E. cyc1ostomus 
Kyphosus cinerascens 
Chaetodon auriga 
.£.:. citrinellus 
£.. lunula 
£.. reticulatus 
.£. tr.ifasciatus 
.£.. vagabundus 
Forcipiger flavissimus 
Megaprotodon trifascialis 
Centropyge flavissimus 
Chromis margaritifer 
.£. vanderbilti 
£. xanthura 
Dascyllus trimaculatus 
Eupornacentrus fasciolatus 
Glyphidodoncops leucopomus 
Plectroglyphidodon dicki 
l!.. imparipennis 
,l. johnstoQjaO!!S 
Cirrhi tichthys oxy ceph a111 s 
Cirrhitus pinnulatus 
Paracirrhi tes arcatus 
P. forster! 
P. hernistictus 
Cheilious trilobatus 
Gomphosus varius 
Hali~hneres centriquadrus 
1.!.: margarit3ceus 
!:!.. marginatus 
Lahroides hicolor 
1. dimidiatus 

96 

• 
• 
3 
• 
• 
• 
• 
* 
4 
• 
• 
• 
* 
" • 
2 

* • 
2 

* 
* • 
• 
* • 
• 
2 

74 
• 

21 
25 

8 
37 
• 
5 
6 
• 

15 
4 
1 
• 
3 
2 

11 
• 
• • 



Table 27. continued 

SPECIES TRANSECT 
O~ 

Stethojulis bandanensis 
Thalassoroa amblycephalus 
!. guinguevittata 
Thalassoma sp. (unid . juveniles) 
Sca r us oviceps 
S. sordidus 
Cirripectes variolosus 
Ecsenius sp. 
Blennid sp. 
Tripterygiid sp. 
Ptereleotrls evides 
Acanthurus glaucopareius 
A. lineatus 
A. nigricaudu5 
A. nj.grofuscllS 
A. xanthopterus 
Acanthurus sp . 
Ctenochaetus cyanoguttatus 
C. striatus 
Nasa lituratus 
Zebrasoma velifer um 
Balistapus undulatus 
Melichthys niger 
M. vidua 

No. Species seen on transect 

No. Species in vicinity of transect 

No. individuals on transect 

No. individuals per m2 

97 

4 
4 

30 
491 

• 
• 
B 
1 

10 
1 

215 
4 

15 
• 
3 
• 
1 
1 
6 
• 
• 
• 
• 
• 

33 

69 

1,090 

6.79 

-



Tabl e 28. Jaccar d coeffients of similarity between the fish faunas observed 
in 10 hnbi tats . The value of the coeff i cient ranges from 0 to 1 
wi t h a value 0 ind l c~ting no faunal simi larity between habitat pairs 
and a value of 1 . 0 indi cating identical faunas . 

• ~ 

0 u ~ 

~ • 0 
u • " " "-• • 0 " " 0 

• - c -.< • ~ • " 
." '" 0 -.< " "- .... " • '" '" " 0 
<0 ~ " • - ~ ~ ~ 

• u • '" "' • • • • • • '" • • • • '" - -< -< '" '" '" • '" " • • 
" c 0 c c " " " 
" u • ~ .c " c • • • • • u • " • • u " u 

• ~ 
, • • [5 .c , , , 

"' 0 '" "' u 0 0 :> 

Seag rllss Beds 0 . 75 0 . 24 0 . 1 q 0. 26 0 . 09 0. 01 0. 05 0 . 06 0.02 

Moat 0. 27 0 . 38 0. 42 0 . 22 0 . 04 0 . 24 0 . 19 0 . 08 

Outer Reef Flat 0. 18 0 . 21 0 . 11 0 . 01 0. 18 0 . 07 0 . 02 

Reef fla tHol es 0. 47 0 . 27 0.08 0 .1 6 0 . 22 0. 13 

Ha rbor Margin 0.29 0 . 07 0.20 0.21 0. 08 

Cha nnel Margin 0.28 0.29 0.43 0 . 26 

Channel Slope 0.09 0.21 0 . 36 

Outer Reef Margin 0.30 0 . 13 

Outer Reef Terrnc e 0. 34 

Outer Reef Slope 

Mea n 0 .1 3 0.23 0 . 14 0 . 23 0. 25 0 . 25 0.13 0 .18 0 . 23 0 . 10 

98 



Table 29. Fishes reported from Kosrae that were not observed during the 
present survey. 

SPECIES 

Carcharhinidae 
Carcharhinus spallanzani* 

Echinorhinidae 
Vnid. 8p. 

Squalidae 
linid. sp. 

Dasyatidae 
Dasyatis granulatus (MacLeay) 

Engraulidae 
Stolephorus heterolobus (Ruppel I) 
S. indicus (Van Hasselt) 

HolocentTidae 
Adioryx cornutus (Bleeker) 

Serranidae 
Epinephelus chlorostigma (Cuvier & Valenciennes) 
!. morrhua (Cuvier & Valenciennes) 
E~ retout! 
Variola louti (Forsska~) 

Carangidae 
Seriola purpurascens Ternminck & Schlegel 

Lutjanidae 
Etelis carbunculus Cuvier 
E. oculatus Cuvier 
Lutjanus malabaricus (Bloch & Schneider) 
L. sebae (Cuvier & Valenciennes) 
pristipomoides 3uricilla (Jordan, EVermann & Tanaka) 
~. flavipinnis Shinohara 
Tropidinius zonatus (Cuvier & Valenciennes) 

Gempylidae 
Ruvettus pretiosus Cocco 
Unid . sp. 

Chaetodontidae 
Forcipiger longirostris (Broussonet) 

Pomacentridae 
Amphiprion melanopus Bleeker 

Acanthuridae 
Paracanthurus hepatus (Linnaeus) 
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SOURCE 

Final EIS 

Paul Mead 

Paul Mead 

Final EIS 

Townsend Cromwell 
Townsend Cr omwell 

Final EIS 

Paul Mead 
Paul Mead 
Paul Mead 
Paul Mead 

Paul Mead 

Paul Mead 
Paul Mead 
Paul Mead 
Paul Head 
Paul Mead 
Paul Mead 
Paul Mead 

Paul Mead 
Paul Mead 

Final EIS 

Final EIS 

Final EIS 



Table 30. Fishes assayed for ciguatera poisoning. 

S,E,ecies 

Cnrcharhinidae 
Trlenodon obesus 

Serranidae 
Epinephelus cneruleopunctatus 
E. hexngonatus 

Lutjanidae 
Lutjanus argentimaculatus 

Carangidae 
Caranx lugubris 

Pomadasyidae 
Plectorhyuchus nigrus 

Kyphosidae 
Kyphosus lembus 

Ephippidae 
Platax orbicular is 

Labr idae 
Cheilinus rhodochrous 

f. diagramrnus 

Epibulus insidiator 

Acanthuridae 
Ctenochaetu$ striatus 

C. cyanoguttatus 

Wet Weight 
in Jl. 

1) 4,320 
I) 5,510 

1) 
1) 

680 
310 

I) 2 , 980 
2) 1,530 

I) 
2) 

1) 

930 
790 

930 

1) 1,320 

1) 2,140 

1) 280 
2) 175 
1) (portion of 

fish lost) 

Size in 
mm' 

759 peL 
798 peL 

304 5L 
226 SL 

484 5L 
370 5L 

365 FL 
330 FL 

301 5L 

333 5L 

304 5L 

204 5L 
180 5L 

I) 560 238 5L 

1) 
2) 
I) 

6) 
36 
49 

111 5L 
101 5L 
105 5L 

Flesh 
I 

± 

+ 

RESULTS** 
Samples Liver 

2 

+ 

± 
± 

+ 
+ 

+ 

*The following abbreviations are used for length measurements: PCL E pre- caudal 
length; SL R standard length; FL : fork length . . , 
+ indicates toxicity levels exceeding 50,000 CPM/g, ± indicates levels from 35 , 000-
50,000 CPM/g , and - indicates levels below 35 ,000 CPM/g. If left blank, sample was 
too small to be tested. 
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