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ABSTRACT: Fishes of the Southwest Palau Islands (SWPT) recorded from the 
SWPI Expedition of 1992 were analyzed for patteins of distribution, species 
richness, diversity, evenness, and similarity between island localities. Fifty-three 
timed visual transects and supplemental observations were made at Helen Reef 
(Hotsarihie Atoll) and the islands of Tobi, Merir, Pulo Anna, Sonsorol, and 
Fanna. A total of 602 species was observed, including 596 species and morphs 
on transects. Fifty-four new records were identified, including nine species new 
to Micronesia. The species reported compose 64.1% of the known Palaum fish 
fauna. A latitudinal gradient in species richness, decreasing from north to 
south, is apparent. Species diversity is less pronounced latitudinally, is signif- 
icantly different between island localities in most pairwise comparisons, and is 
seemingly dependent upon the degree of habitat complexity. This complexity 
may be a function of locality relative size. Patterns of similarity in faunal com- 
position also appear to be related to relative size of locality. Helen Reef had the 
most distinct fauna, followed by Tobi. Merir and Sonsorol, and Pulo Anna and 
Fanna, respectively, were more similar to each other. 

THE PALAU ISLANDS have a remarkably rich 
fish fauna, certainly with the highest level of 
diversity in all of Micronesia (Myers 1989). 
This is likely a result of the archipelago's po- 
sition marginally at the Philippine and Pacific 
Plates, its relative proximity to the Indo- 
Malayan area, and the high degree of habitat 
complexity relative to most other Micro- 
nesian localities. 

The Southwest Palau Islands (SWPl), a 
remote group of islands located ca. 270-600 
km southwest of the main Palauan archipel- 
ago (MPA), ca. 240 Inn north of Kepulauan 
Asia atoll and east of the high volcanic island 
of Morotai in Indonesia, have a fish fauna 
that is largely unknown. The islands consist 
of one atoll, Helen Reef (Hotsarihie Atoll), 
and five raised coral islands: Tobi, Merir, 
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Pulo Anna, Sonsorol, and Fanna (Figure 1). 
All are situated atop ancient volcanic sea- 
mounts of the Palauan Ridge (Maragos 
1993). Helen Reef has considerable marine 
habitat complexity compared with the other 
islands, which are characterized by fringing 
reefs with relatively narrow reef flats and steep 
drop-offs. The exception is Merir, which has 
greater reef flat development and a deep ter- 
race on the northern reef (Maragos 1993). 
The proximity to Indonesia of these islands, 
particularly Tobi and Helen Reef, increases 
the likelihood that fish faunal affinities are 
convergent upon the "Indo-Malayan Center 
of Diversity" (Brigge 1974, but see Wood- 
land 1983, Donddson 1986), rather than the 
"Palau-Carolines Corridor" (Springer 1982) 
or "conduit" (Myers 1989). Seasonally influ- 
enced current patterns, however, dictate some 
Pacific Plate and Australo-Papuan influences 
in faunal composition, especially at Helen 
Reef and Tobi (Johannes 1981, Maragos 
1993). The islands also experience die1 and 
seasonal fluctuations in local current pat- 
terns, with formation of wake eddies or gyres 
(Johannes 1981, Maragos 1993) that may 
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FIGUEE 1. The Southweal Palau Islands in relation to the main Palau Archipelago and northern Indonesia. 
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trap locally produced larvae, promoting self- 
recruitment of reef' fishes (e.g., Lobe1 and 
Robinson 1983, Lobe1 1989). 

The Southwest Palau lslands Expedition, 
conducted by The Nature Conservancy, the 
U.S. Fish and Wildlife Service, and Green- 
peace on beha11 of the Government of Palau, 
provided an opportunity to assess shallow- 
water habitats (generally less than 25-30 m 
in depth) to determine the species composi- 
tion of resident fish assemblages. Here, I pro- 
vide a comparative analysis of patterns of 
species distribution, richness, diversity, even- 
ness, endemism, and similarity between the 
fish faunas of each island. Because of the is- 
lands' geographical location, they provide an 
opportunity for biogeographical comparisons 
with the fish fauna of Palau. 

A prediction of ecologjcal theory is that 
species diversity increases with increased hab- 
itat complexity and with greater numbers of 
habitat types (Williams 1964, Ricklefs 1973, 
Roughgarden 1979). This increased complex- 
ity may be a function of time. Alternatively, 
complexity may also be a function of relative 
size. The two are not mutually exdusive with 
respect to fluctuations in sea level. The SWPI 
has fewer numbers of habitat types and lower 
habitat complexity compared with the MPA 
(unpubl. data). Species richness and diversity 
is predicted to be greater in the MPA com- 
pared with the SWPI. Within the SWPI, 
Helen Reef is predicted to have greater spe- 
cies richness and diversity compared with the 
rmaining islands. 

Fauna1 sindarities are predicted to be in- 
fluenced by latitudinal differences between 
islands relative to Indonesia to the south and 
the MPA to the north. Tobi and Helen Reef 
faunas are predicted to be more similar to 
one another and to the fd~~nias of northern 
and eastern Indonesia. Similarity will decrease 
with increasing latitude, so that the faunas of 
Pulo Anna. md Merir, and Sonsorol and 
Fanna will be more similar to each other, 
respectively. 

MATERIALS AND METHODS 

Stations and Surveys 

Stations were designated a priori from 
charts and aerial photographs of each island 
(Maragos 1993). The number of stations 
varied between localities (Table 1) and ranged 
from 22 at Helen Reef to five at Fanna. Dif- 
ferences in sampling effort were attributed to 
locality six. Stations were delineated by dis- 
tinct habitat types. 

Fishes were visually survcyed during limed 
swims with scuba (transects) along a depth 
gradient at each station. Generally, transect 
surveys were 30 min long, commencing at a 
depth of ca. 20 m and ascending at  a steady 
pace until the shallowest possible depth was 
reached. Usually, the first 15 rnin werc spcnt 
between 10 and 20 m and the second 15 min 
at 0-10 m. Reef topography, currcnt, and 
surface conditions determined actual depths 

TABLE 1 

-- 
Hclcn Rccf 13I049'E 2" 59' N 61.7 Inn2 22 
To bi 131' 11' E 3" 1' N 7.0 kma 8 
Mcrir 132" 19' E 4"YN 9.5 km2 10 
Pulo Anna 131" 58' E 4' 40' N 4.7 hz 5 
Solisor01 132' 13' E 5" 9' N 7.0 lan2 G 
Fanna 132" 13' E 5' 21' N 4.3 km2 5 

.- 
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at the onset and completion of the transect. 
Reef margins could not be surveyed at some 
stations because of heaqy surf. Occasionally, 
some transects began as deep as 30 rn, and six 
stations were confined to depths of less than 
2 m from onset to coqpletion. Two of the 
latter stations, both at Merir, had to be sam- 
pled by walking at low tide. Additional time, 
in 15-min increments, was allowed at a few 
stations. Nearly all transects were affected by 
current patterns, ranging from swift to slack, 
and distances covered were quite variable. 

Species observed were recorded on plas- 
tic paper and with underwater photography. 
Specimens were identified to the lowest taxon 
possible. Identifications were confirmed from 
several sources, including Masuda et al. 
(1984), Smith and Heemstra (1986), Myers 
(1989), Randall et al. (1990), Allen (1991), 
Randall and Heemstra (1991), and Kuiter 
(1 992). 

Physical limitations prevented making ac- 
curate counts for each species because large 
numbers of species and individuals were en- 
countered on many transects lie., > 50-150 
species per transect and for some, such as 
pomacentrids, hundreds of individuals of 
each species). Therefore, fishes were identi- 
fied to species and enumerated on the basis of 
presence-absence only. Some taxa (e-g., Cir- 
rhitidae, Serranidae, Pinguipedidae, Poma- 
canthidae, Scorpaenidae) were quantified and 
those results presented elsewhere (unpubl. 
data). The number of stations per locality in 
which a species was observed was determined 
by inspection of the data sheets after the con- 
clusion of the expedition. Estimates of species 
diversity at each locality were based upon de- 
terminations of the number of occurrences. 

Analyses 

Presence-absence data limit hypothesis 
testing, and analyses were relatively simple. 
Species richness, species diversity, evenness, 
and similarity in species composition between 
localities were calculated and compared. 

Species richness consists of the number of 
species at each station and the total number 
of species at each locality. Values within and 
between localities were analyzed with chi- 

square tests. The null hypothesis was that 
patterns of richness between stations or local- 
ities were equivalent. The relationship be- 
tween species richness at localities and local- 
ity size was examined in two ways. First, 
species richness and the size of the locality 
(i.e., total reef area) were examined with the 
nonparametric Spearman's correlation anal- 
ysis (Sokd and Rohlf 1981). Then, a species- 
area curve was plotted and a regression anal- 
ysis made of log-transformed values. Second, 
.species richness was related to the number of 
stations and was analyzed with the same test. 
The null hypothesis in both tests was that the 
correlation between each pairing was not dif- 
ferent from zero. 

Species diversity was calculated with the 
Shannon Index of Diversity (Magurran 1988), 
modified to reflect the proportional repre- 
sentation of a species at each locality based 
upon the number of stations where it occurs. 
The index is calculated as: 

where p - i is the proportional distribution 
of the i-th species from all stations at each 
locality. A modified t-test (Magurran 1988) 
was used to test for significant differences in 
H' between localities. The null hypothesis was 
that H' was equivalent between localities in 
pairwise comparisons. H' values were related 
to locality size and were tested for signif- 
icance with Spearman's correlation analysis. 

Shannon Evenness, 

where S is the number of species, was calcu- 
lated to estimate the ratio of observed diver- 
sity to maximum diversity (Pielou 1969), in- 
ferred from the proportion of stations at a 
locality in which species were present. 

Similarity of species composition between 
localities was measured by pairwise calcula- 
tion of the Sorenson Qualitative Similarity 
Index (Magurran 1988), given as: 

where J is the number of species occurring at 
both localities, a is the number of species at 
locality A, and b is the number of species at 
locality B. Values ranged from 0.0 (no sim- 
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FIGURE 2. The 10 most speciose families at each locality. Family name abbreviations are as follows: AC, Acan- 
thuridae; GP, Apogonidae; BA, Balistidae; CH, Chaetodontidae; GO, Gobiidac; HO, Holocentridae; LE, Lcthrini- 
dae; LU, Lutjanidae; PM, Pomacanthidae; PO, Pomacentridae; SC, Scaridae; SE, Serraridae. 

ilarity) to 1.0 (complete similarity). This index jected to cluster anaIysis (CLUSTER proce- 
is considered the most robust for presence- dure, UPMGA method [Norusis and SPSS 
absence data (Magurran 1988). Similarity 19901 to examine faunal relationships be- 
values were arranged in a matrix and sub- tween localities. 
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TABLE 2 

Species Richness and Endernism 

At teast 602 species of fishes were identi- 
ficd from the SWPI (Appendix). Of these, 
596, including distinct morphs of two species 
that may differ on a molecdar basis, were 
observed on one or more of 53 transects. The 
remainder were collected from pelagic waters 
between localities (Appendix). Fifty-four spe- 
cies are new records for Palau, including nine 
species new to Micronesia. These will be dis- 
cussed elsewhere (T.J.D. and R. F. Myers, 
unpubl. data). The observed fish compose 
about 64.3% of the known Palauan fish fauna 
(Myers 1989; T.J.D. and R. F. Myers, un- 
publ. data; R. F. Myers, T.J.D., and J. E. 
Randall, unpubl. data). Sampling error'was 
atmost certainly a variable because surveys 
were conducted during daylight or just before 
sunset and at relatively shallow depths. Thus, 
the surveys probably failed to account for 
a number of nocturnal, near-shore pelagic, 
cryptic, and deeper-dwelling reef species. 

Sixty-three of the 96 families reported by 
Myers (1989) were observed. The 10 most 
speciose were damselfishes (Pomacentridae: 
81 spp.); wrasses (Labridae: 70 spp.); gobies 
(Gobiidae: 49 spp.); groupers, fairy basslets, 
and soapfishes (Serranidae: 47 spp.); butter- 
flyfishes (Chaetodontidae: 32 spp.); surgeon- 
fishes (Acanthuridae: 3 1 spp.); parrotfishes 
(Scaridac: 30 spp.); squirrelfishes and soldier- 
fishes (Holocentridae: 20 spp.); cardinalfishes 
(Apogonidae: 19 spp.); jacks (Carangidae: 15 
spp.); emperors (Lethrinidae: 15 spp.); and 
snappers (Lutjanidae: 15 spp.). The 10 most 
speciose families by locality are shown in 
Figure 2. 

Species richness ranged from 488 species 
at Helen Reef to 195 species at Fanna (Table 
2). Tobi had the second highest value of spe- 
cies richness, followed by Merir, Sonsorol, and 
Pulo Anna. Differences between each locality 
in pairwise comparisons were significant in 
all pairings exmpt three, Tobi-Merir, Merir- 
Sonsorol, and Pulo Anna-Fanna (Table 3). 

There was a significant rank correlation 
between species richness and locality size 
(Spearman's rs = 0.90, df -- 5 ,  P c 0.05). The 

SPEUES RICHNESS (S), SHANNON DNRRSITY (H'),  AND 

SHANNON EVENNESS (E ' )  OF- SOUTHWEST PALAU ISLAND 
FISH' ASSEMBLAGES 

LOCALITY CODB 
. - 

Helen Rcef H 
Tobi T ' 

Merir M 
Pulo Anna P 
Sonsorol S 
Fanna F 

N, Number of stations at each locality. Pcmnt is the pro- 
portion of known Palau and Southwest Palau IsIanda fauna 
(936 species) x 100. 

TABLE 3 

NO= VPIUCS arc chi squere. See Table 2 for locality codes. 
*, P < 0.05; "*, P < 0.01; *.., P < 0.001, df= 1. 

plot of species richness on the species-area 
curve (Figure 3) has the regression equation: 
Log species richness = 2.128 + 0,33*log area, 
r2 = 0.86, P < 0.007. 

A significant rank cor~elation between 
species richness and the number of stations 
sampled at each locality was also found 
(Spearman's rs = 0.9167, df = 5, P < 0.05). 
Size of the locality sampled, and hence the 
number of habitat types, both were positively 
correlated with species richness. 

Fish species varied proportionally in their 
distribution among isJands (Table 4), and 
families having species with wide ranges also 
had species with extremely narrow ranges 
within the SWPI. About 17.5% of all species 
were recorded at all six localities, and 35.6% 
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FIGURE 3. Log-log plot of species richness of fishes. The line represents the best fit power function of the 
regression. 

occurred only at one locality. The Appendix 
provides an indication of taxa with narrow 
versus wide ranges in the SWPl. Generally, 
wide-ranging species included members of the 
families Acanthuridae, Balistidae, Carangi- 
dae, Carcharhinidae, Caesionidae, Chaeto- 
dontidae, Cirrhitidae, Holocentridae, Labri- 
dae, Lthrinidae, Lutjanidae, Microdesmidae, 
Mullidae, Pomacanthidae, Pornacentridae, 
Scaridae, Serranidae, and Sphyraenidae. Of 
these, the Chaetodontidae were especially 
well distributed, with 28 of 32 species occur- 
ring at four or more localities. Those families 
with narrow ranges included members of the 
Apogonidae, Blenniidae, Carangidae, Gobii- 
dae, Haemulidae, Labridae,-Muraenidae, Po- 
macanthidae, Pomacentridae, Serranidae, Si- 
ganidae, and Syngnathidae. Several of these 
families have species that are cryptic, noctur- 

nal, deepdwelling, or highly mobile, which 
may have escapcd notice. 

Species en&& to Palau account for only 
0.17% of the fauna. A single endemic species, 
Epibulus sp. 2 (Labridae), was observed at 
Sonsorol. This species has also been reported 
from the MPA, which has only four addi- 
tional endemic species, two of which occur in 
freshwater (Myers 1989). 

Species Diversity and Similarity 

Helen Reef, the largest locality in terms of 
reef area, had the most diverse fish fauna 
(Table 2), over three times that of Pulo Anna 
and Fanna, the two smallest localities, and 
1.5 times as diverse as Merir, Tobi, and Son- 
sorol. The latter three are somewhat similar 
in area, compared with Pulo Anna and 



PACIFIC SCIENCE, Volume 50, July 1996 

TABLE 4 

PROPOK.IIONAL DISTB~BUTION OF FISH SPECIES IN THE 
!burHWEsT PALAV ISLANDS (n = 6 localities; 596 species 

were observed on transccts) - - 
NO. OP 

LOCALITIES NO. OF SPECIES % 

TABLE 5 

hf~nw OF PAJRWISE C o ~ ~ m s o ~ s  OIJ I - ~ T S  OF 
SHANNON DIVERSITY (If) VALUES FOR SOUTHWEST 

PALAU ISLAND  SHES 
- .. - -. 

IDCALlTY 

N m  Lower numbers are calculated r values. Uppcr num- 
bers arc degrees of freedom. See Table 2 for locality codes. 
*, P c 0.05. 

Fanna, or Helen Reef. Differences in species 
diversity (H') were significant in all pairwise 
comparisons between lpcalities except Merir- 
Sonmrol, and Pulo Anna-Fanna (Table 5). 
Shannon Evenness (E') ranged from 0.7198 
at Helen Reef to 0.9290 at Fanna. 

There was a significant rank correlation 
between locality size and species diversity 
(rS = 0.99, df = 5 ,  P < 0.05). There was no 
sigdcant rank correlation between H' and 
the number of stations . sampled, however 
(rs - 0.7429, df = 5, P < 0.05). 

Fish assemblages at all localities appear to 
be moderately similar to one another (Table 
6), with Cs values ranging from 0.4927 
(Helen Reef-Pulo Anna) to 0.7353 (Merir- 
Sonsorol). The term "moderate" is subjective 
and should be viewed with caution because 

TABLE 6 

MATRIX OP SORENSON'S QUALIW~~VE SIMILARITY INDEX 
(Cis) VALUES worn PA~RW~SE COMPARISONS OF SPECIES 

COMW~~TION B'EIWEBN ISLAND LOCALITIES 
- - . - . . . - . . -. -- - . . .  . . . . .  -. .- 

LOCALIm 

T H M P 
. . -- 

S f 
- .  

T - 
H 0.6196 - 
M 0.6939 0.5985 - 
P 0.6019 0.4927 0.6341 - 
S 0.6349 0.5664 0.7353 0.6920 
F 0.5820 0.4978 0.6053 0.7277 0.7056 

- 

Nora: See Table 2 for locality codas. 

strict criteria for evaluating similarities were 
absent (Sale 1991). Values were useful in 
showing patterns of association in a dendro- 
gram generated from cluster analysis (Figure 
4). Merir and Sonsorol were very similar in 
species composition and, in turn, were more 
similar to Tobi than the other localities. The 
fish faunas of Pulo Anna and Fanna were 
very similar to one another and formed a 
second group. Helen Reef, the largest and 
most species rich, formed a third group. 

DISCUSSION 

hunal Composition and Geography 

The fish fauna of Palau is the most diverse 
in Micronesia but has the least number of 
endemic species. Over 96% of the Micro- 
nesian fish fauna and 35% of all Indo-Pacific 
inshore species occur there. East of Palau, the 
number of species decreases from west to east 
along a "corridor?' (Springer 1982) or "con- 
duit" (Myers 1989) extending from Palau 
through the Caroline Islands to the Marshall 
Islands. Active dispersal of Indo-Pacific spe- 
cies on to the Pacific Plate likely occurred via 
this route (Springer 1982, Myers 1989). Con- 
versely, the number and proportion of en- 
demic species increases from west to east 
along this line and well into Oceania (Ran- 
dall 1992)' and the low rate of endernism in 
Pala u is a reflection of this pattern. 
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FIGURE 4. Dendrogrm depicting relationships between fish assemblages recorded from island localities. Relation- 
ships were determined from cluster analysis of Sorenson's Qualitative Siliarity Index (Cs) values in a matrix of 
pairwise comparisons. Distance is given as a relative measure of similarity. Localities are Merir (M), Sonsorol (S). 
Tobi 0. Pulo Anna (P), Fanna (F), and Helen Reef (H). 

The SWPI fish fauna closely resembles 
those of Palau and, to a lesser extent, the 
Pacific Plate. The SWPI, however, are lo- 
cated south of the corridor or conduit and 
are proximate to the most northerly and 
easterly islands of Indonesia. Although data 
that would allow for comparisons of sim- 
ilarity between SWPI and northern Indonesia 
fish faunas are lacking, close affinities appear 
to cxist. Fishes representative of the highly 
diverse Indonesian fauna (e. g., Kuiter 1992) 
but absent from Micronesia occur in the 
SWPI, especially at Helen Reef and Tobi. 
Some examples include Diploprion hfascia- 
turn (Serranidae: Grammistinae), Cirrhitich- 
thys aprinus (Cirrhitidae), Amphiprion ocella- 
tus and A. frenatus (Pomacentridae), and 
Choerodon fasciatus (Labridae). 

Seasonal current patterns (e.g., Johannes 
198 1, Santelices 1992, Maragos 1993) indicate 
that the SWPI may also receive dispersing 
larval fishes from the Australo-Papuan area, 
the southern Philippines, and the Pacific Plate. 
Both Indonesia and the southern Philippines 
are part of the "center of diversity" within 
the Indo-Malayan triangle, hypothesized by 
Briggs (1974) as having the greatest diversity 
of marine organisms. This center, however, 
may be nothing more than an area of overlap 
between Pacific and Indian Ocean faunas in 
a region historically subject to alternating 

changes in sea level during the Quaternary 
(Woodland 1983, Donaldson 1986). This view 
is strengthened by the dispersal westward of 
Pacific Plate species to marginal areas, in- 
cluding Palau, via seasonal current flows (e-g., 
Myers 1989). The completion of species lists 
from these adjacent areas will facilitate com- 
parative analyses of similarity with the fauna 
of the SWPT. 

Hahirat Complexity, Species Richness, 
Diversity, and Similarity 

Another hypothesis central to this study 
is that islands with greater size, and hence 
greater habitat complexity by virtue of in- 
creased n b b e r s  of habitat types, will have 
greater species richness and diversity com- 
pared with small islands. Habitat hetero- 
geneity has been shown to be a reliable pre- 
dictor of species richness (Boecklen 1986). 
Thus, Helen Reef, the largest locality, with at  
least 13 separate major habitats, should have 
greater . richness and diversity than Fanna, 
the smallest locality; This is indeed the case, 
and a similar comparison of the faunas of 
Helen Reef and the MPA yields an outcome 
that is much the same (unpubl. data). The 
latter locality had greater habitat develop 
ment, including mangrove, sea grass, mud- 
flat, estuaries, and secondary freshwater 
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habitats, and species richness and diversity 
exceeding those of Helen Reef. 

The remaining SPWI appear to have levels 
of species richness and diversity relative to 
their size and, in turn, level of habitat com- 
plexity, with the exception of Tobi, which 
had greater specieso richness and diversity 
than Merir, despite having fewer habitat 
types. This single difference may be related to 
geographic proximity to Tndonesia. Islands 
similar in size and complexity will be similar 
in faunat composition given reasonable geo- 
graphic proximity to one another. This pat- 
tern is borne out in the similarities between 
Merir and Sonsorol, Tobi, and the smallest 
localities, Pulo Anna and Fanna. 

Tests of these hypotheses are complicated 
by the effects of locality age (e.g., Smith 
1992), dietary and feeding requirements of 
fishes, the mode of spawning among fishes at 
a locality (Thresher 1991), the idhence of 
local gyres (Lobe1 and Robinson 1983, Lobei 
1989), the effects of a dynamic equilibrium 
(MacArthur and Wilson 1967) and inter- 
action between the e t k t s  of area and habitat 
complexity (Williams 1964), and sampling 
error and the effects of passive sampling (e.g., 
Connor and McCoy 1979). With the excep- 
tion of sampling error, elaboration of these 
factcm is beyond the scope of this paper. 

Sampling error, particularly the failure to 
account for species actually present in a given 
area, influences comparisons of richness and 
diversity. Thus, the meamre of species rich- 
ness is a result of sampling intensity in a 
given area (Connor and McCoy 1979). In 
this study, 35.9% of the species known to 
occur in the MPA (Myers 1989; T.J.D. and 
R. F. Myers, unpubl. data; R. F. Myers, 
T.J.D., and J. E. Randall, unpubl. data) were 
not recorded. Sources of error vary. The use 
of visual counts exclusively without augmen- 
tation from collecting likely resulted in lower 
counts of cryptic species (e.g., Muraenidae, 
Bythitidae, Ophichthidae, Antennarj idae, 
Sco rpaen idae, certain Apogonidae, Pseudo- 
chromidae, Callionymidae, Gobiidae, Bothi- 
dae). Restriction of sampling to daylight 
hours or just before sunset ignored many 
nocturnal species (e-g., Apogonidae, Holo- 
centridac, Priacanthidae), although several 

species were observed in holes and caves ex- 
posed to view during surveys. Restriction of 
sampling because of dive safety limitations, 
to depths of less than 25 m in most instances, 
ignored deeper-dwelling species (some Serra- 
nidae, Pomacanthidae, Chaetodontidae, Po- 
macentridae) . inadequate sarnpl ing of near- 
shore pelagic species (e.g., Carcharhinidae, 
Clupeidae, Belonidac:, Hcmirhamphidae, 
Exocoetidae, Scombridae) likely resulted in 
lower counts, as well. Doubtless, further 
sampling will result in observations of or 
range extensions with.in the SWPI for a 
number of species, many of which are com- 
mon elsewhere (Myers 1989, Kuiter 1992). 
Ironically, some deep-dwelling species (e.g., 
Aphureus rutiluns JLutjanidae]) were ob- 
served in deep channels at Helen Reef, sub- 
ject to upwelling and strong tidal influences. 

CONCLUSIONS 

The fish fauna of the SWPI described here 
composes ca. 64% of the known Palauan 
fauna. Species richness varies latitudinally, 
decreasing from south to north. Species di- 
versity appears dependent upon the de- of 
habitat complexity between localities, and 
increased diversity may also be a function 
of locality size. Affinities with the Australo- 
Papuan fauna known from Indonesia exist 
but remain to be elucidated pending further 
determinations of both faunas. Numerous 
gaps in the knowledge of SWPI reef fish dis- 
tribution patterns relative to habitat types, 
depth, and die1 pattern can be filled with ad- 
ditional eflort. Tracing the evolution of the 
islands' fish fauna will be possible with addi- 
tional sampling and comparison with neigh- 
boring areas, particularly Indonesia, and by 
the application of historical methods (e-g., 
Brooks and McLennan 1991) after phyloge- 
netic relationships and patterns of distribu- 
tion among species are made clearer. 
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PAMII.Y/SPECILY T H M P  

Orectolobidae 
Nebrim concoInr (Rlippell) 1 

Ncmigaleidae 
Triaenodon ohems (Riippell) 3 

Carcharhinidae 
C.'archarhinus a l b m a r g z u i u ~  (R.iippeU) 2 1 
C amblyrhynchos (Blecker) 4 
C. melanopisrus (Quoy & Gaimard) 1 

Dasyatididae 
Taeniuru melunospilos Bleeker 

Myhbatidae 
Aetobufir narinari (Euphrastn) 

Mobulidae 
Manta alfrcdi (Krefft) 

Muracnidae 
Gymnothorax javanicus (Bleeker) 
Ci mefeagris (Shaw & Nodder) 
Stderia picra (AM) 
Uropterygius goslmei McCosker & Randall 
U. mrcropterirs* (Blceker) 

S P TOTAL % 



APPEND1 X (continued) 
-. - .  

LOCAI.ITY' - 
FAMILY~SPECIES T H M P S F ~ A L  % 

Congridae 
Conger cinereus Riippell 
Gorgmiu sp. 

Clupcidae 
Sprateloides delicatulus (Bennett) 

Synodontidac 
Suurido gracilir (Quoy & GPimard) 
S p o h  binotarus Schultz 
S. dermatogenys Fowler 
S jaculum Russell & Cress~y 

Atherinidae 
Hypoarherina ovalaua (Hem) 

Belonidae 
S~rongylm incira (Valenciennes) 
S. Ieiura kiura (Bletker) 

Exocoeljdae 
Exocoet us volitans 1.. 
Puraexocoerus mnzo mento Valenciennes 

Holocentridac 
Myrprirtis adusfa Blccker 
M. amaenus (Castlenau) 
M. berndri Jordan & Evermann 
M. hexagona (La&p&de) 
M. kuntee CUV~R 
M. murdjon (Forsskil) 
M. pralina Cuvier 
M. viokcea Bleeker 
M. vittala Cuvier 
Neoniphon argenieus (Valenciennes) 
N. opercularis (Valenciennes) 
N. sammara (ForsskAl) 
Sargocenfron caudbnaculatwn (Riippcll) 
S. diudema (LacCpWc) 
S. irtodai (Jordan & Fowler) 
S. melanospilos (Bleeker) 
S. microstom (Gflnther) 
S. praslin (LacCpWe) 
S. spinqenun (Fomk~U) 
S. tiere (Cuvier) 
S. violaceurn (Bleeker) 

Aulostomidne 
Au~ostomua chinensis (L.) 

Fistularidae 
Fistadarw commer~oni Riippell 

Syngnathidae 
Corythoichthys inte~finalis (Ramsay) 
Grythoichthys sp. 

Caracantbidac 
Caracanthut maculatur* (Gray) 

Scorpaenidae 
Sebastaphfes cyanuvtigma (Blctker) 
Pterois rorfiata Cuvier 
P. v o l i t m  (L.) 

Strranidae 
Luzonichthy~ watei (Fowltr) 
Pseudomlhias cooperi (Regan) 



APPENDIX (continued) 
-- 

LOCAL~'? 

FAMII .Y/SPP.CTES T H M P S F TOTAL % 

P. huch~i (Bleeker) 
P, squamiplnnis (Peters) 
P. bartlettorum (Kandall & Lubbock) 
P. dirpar (f-Ierre) 
p. pascalus (Jordan & Tanaka) 
t? ran&lli (Lubbock L MM) 
P. smirhvanizi (Rdd 11 Lubbock) 
P. tuka Herre & Montalban 
Serrmocirrhittu lalus Watanabe 
Aethuloperca r4gau Forsskil 
Anyperodon Ieucugrminrs Valenciennes 
Ccphalopholis argus Schneider 
C. bomack Bloch 
C. cyanostigma* Valenciennes 
C leopardus Laciplde 
C. microprion*' Blakcr 
C. miniata PorsskAl 
C mxmacvlata Rfippell 
C. sonn~rati (Valenciennes) 
C. spilopuraca (Valenciennes) 
C umdeta @loch & Schneider) 
Gicrcila albomarginahis (Fowler & Bean) 
Epinephelus caerufeopunctatus (Bfoch) 
E firscuguitarrlu~ (Forsskil) 
E hexagomiw (khneidcr) 
E. howiandi OWther 
E Ianceolahrs (Bloch) 
E mafabricus Schneider 
E. rneIalanosfigma Schultz 
6 merra Bloch 
R spdorocep* Schultz 
E lauvfna Forssk&l 
Pkciropomt~r arenlarus (Rflppell) 
P. laevh &adpkde) 
P. leopardus (LachpZde) 
P. oligocanthus Bleeker 
Variola Ivuti (Fvrsska) 
Belonuperca chaubanaudi Fowler & Bean 
Grammisteu wxlineatus Thiinberg 
Diploprion bifasciuhun * * Cuvicr 
Pogonopercu pwnctutu* (Vdencicnncs) 

Pseudochromidae 
Pscudochromis cyanotaeniu Blwkcr 
P. fiucus Miiller & Troschel 
P. porphyreus Lubbock & Goldman 

Cirrhitidae 
Cirrhitichthyo aprinur** Cuvitr 
C. falco Randal! 
C. oxycephalur (Bleeker) 
Cirrhitus pinnulafus (BIoch k Schneicler) 
OxycirrhUes f w *  Blcckm 
Paracirrhilev urcutus (Cuvicr) 
P. forsteri Schncider 
P. hemistic~w* (Giinlhrr) 
Paracirrhitcs sp. * 



APPENIXX (continued) 
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FAMILY/SPECIES 
-. 

Apogonidae 
Apogon coccineus (Riippell) 
Apogon sp. (mboinemb'?) 
A. m p i a r r u  (Smith & Radcliffc) 
A. compressus (McC~lluch) 
A. "cyanosuma"* Rleeker 
A. exosligma (Jordan & Starks) 
A. f i c u s  (QUOY & Gaimard) 
A. gilberii (Jordan & Seale) 
A. kalloptem Bleeker 
A. lateralis Valencienncs 
A. nigrofasciatus Lachner 
A. novemfhrciatus Cuvier 
A serniihaztuf* Schlegel 
Archamia fucata (Cantor) 
A. zosterophora (Bleeker) 
Cheilodipferus lineatus L. 
C. macrodon (Mpkde) 
C quinqutlineaia (Cuvier) 
Siphamia orbicularis (Cuvier) 

Priacanthidae 
Primanthus hammr Forsskil 

Malacanthidae 
Malacanthus brevirostrir (Guichenot) 
M. laiovittatus (Lact$de) 

Echcneidae 
Remora remora (L.) 

Caningidae 
Carmgoidcs dinema Bleeker 
C. ferdau (Forssk&l) 
C. fulvoguttatut (FotsskAl) 
C. orthogrmus Jordan & Gilbert 
C. plagiotaenia (Bleeker) 
Caranx tgnobilis ~ F o T s s ~ ~ ~ )  
C. lugubrh Poey 
C. melampygus (Cuvier) 
C papumis Allcyne & MacLeay 
C. sexfarcia~lts Quoy & Gaimard 
6hthodun speciosus (Ponskil) 
Elagatb bipinndatus (Quoy & Gaimard) 
Seriola rivoliana Valenciennes 
Truchinotrrs bailloni (Lacipide) 
T. blochii ( L a w d e )  

Coryphaenidac 
Coryphaena hippuncp L. 

Gerreidae 
Gemes achces* * Bleeker 
G. fifamentosus Cuvier 

Lutjanidae 
Aphoreus fiuca (Lacip6de) 
A. rutilanr Cuvier 
Aprion virescens Valencienncs 
Macolor macularis Fowler 
M. niger ~ o r s s k i l )  
Lutjanur orgentimaculaiw? (Forsskil) 



API'ENDIX (continued) 
- 

~~A.AMILY/SPECIES 

1- biguttofw (Valenciennes) 
L. & o h  (ForssEl) 
L decuwufus (Cuvicr) 
L. ehrenbcrgi (Peters) 
L. fulvvs (Schneider) 
L gibbus (Foma)  
I;. k m i r a  (Vorsska) 
L. monosttgmtlr Cuvicr 
L semicinctus Quoy & Gaimard 

Caesianidac 
C 2 . i ~  cacruluurea (Lackpde) 
C ncn* (Bloch) 
C Iunaris Cuvier 
C ieres Seale 
Pterucaesio fativittato Carpenter 
P. lile (Cuvicr) 
P. pisang (Bleeker) 
P. trilfneata Catpcnter 

Haemulidae 
Diugrammn p i c m  (lliinberg) 
Plectnrhinchus chaelodonoides (Lawde)  
P. gihhosw* (Lackpide) 
t? orientah (Bloch) 
P. picus* (Cuvier) 
Plecturhinchus sp.** 
PomaJwyus kaakan (Cuvier) 

Ncmipteridae 
Scolopsis biltteatus ((Rloch) 
S. ciliatau (lactpWc) 
S. Imeatw Quoy L Gaimlrrd 
S. trifikeatur Kner 
Pmtapndur caninxu (Cuvirr) 

Ltthrinidae 
Cinafhodm!ex aurolineulw @acdp&le) 
Gymocraniw w a n d  (Giinthcr) 
G. gravduculw* Valenciennes 
G. grism* (Schlegel) 
G. microdun* (Bleekcr) 
L e t h r i ~  erythracmthus Cuvier 
L. cryihroptcrus Valencicnnefi 
L. harak (ForsskAl) 
L ten* LacCpkde 
L nricrodan Valenciennes 
L. ofivaeeu.r Valencienncs 
1. semfcinctus* Valenciennes 
L xunthocheUu.r (Klunzinger) 
Monomxis pandocufus (Forsskd) 
M~nornxis yp. B? 

MuUdae 
Mulloidesflavoline~r~~s (LacCpede) 
M- vanicolensis (Valenciennes) 
Pnrupeneus barberinnides (Bleeker) 
P. barbinus (LacCpMc) 
P. bijksciuru.r (Lackpede) 
P. cyrlostnmus (Lackpkde) 





Pomactnttidac 
Amphiprion chrysopterus Cuvier 
A. clarki (Bennett) 
A. frenutus** Brcvoort 
A. melanopus Bleeker 
A. peridaeraion Bleeker 
A. oceliaris** Cuvier 
Amphiprion 8p.** 
Chromls acmes Randall & Swerdloff 
C. agilis Smith 
C alpho Randall 
C. amboinensis (Bleekcr) 
C m a b  (Cuvier) 
C atripectoralis Welander & Schultz 
C. afripes Fowler & Bean 
C. caudah Randall 
C deha Randall 
C. elerae Fowler & Bean 
C. lepidolepts Bleekcr 
C. margaritifcr Fowler 
C. retrnfarciata Weber 
C fernarmsis Bleeker 
C. viridtr Cuvier 
C wcberi Fowler & Bean 
C. xmthochw (Bleeker) 
C xanthwa (Bleekcr) 
DarcyIlrup aruunur (L.) 
D. melmurus Bletker 
D. reticulatw (Richardson) 
D. trimaculatru (RiippeU) 
Lepidozygus taptinosoma (Bleeker) 
Abudefif  notatus (Day) 
A. septemfasciatrrr (Cuvier) 
A. sexfawidtur (Ltldp6de) 
A. wrdirfur (Foruskil) 
A. vaigenrix (Qwy & Gaimard) 
Amblygliphidodon aureus (Cuvier) 
A. curacw (Blah) 
A. leucogmler (Bleeker) 
A. tematensfs (Bleeker) 
Cheiloprion Iabiatus (Day) 
Chrysiptera biocellata (Quoy & Gdmard) 
C. cyanea (Quoy & Gaimard) 
C glauca (Cuvier) 
C leucnpoma (Lesson) 
C kucopoma amabilis (Lesson) 
C oxyrcphala (Blccker) 
C. rex (Snyder) 
C. ralboti (Allen) 
C. traceyi (Woods & Schultz) 
C unimaculata (Cuvier) 
DischistodtLE chrysopoecilus (Schlegel (B: Miiller) 
D. rneianotus (Bleeker) 
D. perspicillatus (Cuvier) 
Hmiglyphihdon pla~iomerapon (Bleeker) 
NeopomacenZrus violascenv* (Bleeker) 



APPENDIX (continued) 
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FAMILY/SPECTES 
- - - -- - - 

Neoglyphidodon melus (Cuvicr) 
N, nigoris (Cuvier) 
Plectroglyphidodon dickii (Lienard) 
P. imparipennb (Vaillant & Sauvage) 
P. johtoniunus (Fowler & Ball) 
P. kucrymatus (Quoy & Craimard) 
P. Ieucozona (Bkker)  
Pomacentna amboinenri3 Blecker 
P. bankanensis (Bleeker) 
P. brachialk Cuvier 
P. burroughi P'owlcr 
P. coele.uir Jordan & Starks 
P. grmmorhynchw Fowler 
P, mnluccemis Bleeker 
P. nlgmmanus Weber 
P. pavo (Bloch) 
P. philippinw Evermmn & Scale 
P. midi Fowler & Bean 
P. simsicmg Bleeker 
P. vaiuli Jordan & Scale 
Potnucenfnrs sp. 2 
Stegwtea albifasciatur (Schlegel & Miiller) 
S fapciolafus (Ogilby) 
S. lividus (Bloch & Schneider) 
S. nigricans (lacCpbde) 

Mugilidae 
Crenimugil crenllaliir (Forsskil) 
Liza ceramerni.f? (8lecker) 
Oedaiechilus l a h w d  (Vnlwciennes) 

Labridae 
Bodianur axillarb (Bennett) 
R. himaculatur Allen 
R. d i m  (Laoip2de) 
B. mesofhorux (Schneider) 
Choerodon fuciofus** (Giinther) 
Pseudodax rnoluccanus (Valcncimnes) 
Chrilinua chlorourus* (Bloch) 
C fasciatus @loch) 
C. oxycephuha Bleeker 
C trilobatus Laotphdc 
C unmC1arw Kiippell 
Oxycheilintu menatus (Valenciennes) 
Q celcbim (Bleeker) 
0. diagrammw (Lacipide) 
0. orientalir (Giinther) 
0. un~aciatus (Streets) 
Epibulw insidiator (Pallas) 
Epibulw sp. 2 
Nuvuculichthys facnwrus (Ladpkde) 
Cirrhilabrus cyanopleura (Bleeker) 
C. exquidtus Smith 
C. nrbrimarginaiur 
Pseudocheilinus evanidw Jordan & Everman 
P. hexataenia (Bleekcr) 
P. octotaenla Jenkins 
Anompses caeruleopunlutus Riippell 



APPRN DIX (continued) 

A. geographicus Valenciennes 
A. melanunu Bleeker . 
A. meleagrides Valenciennes 
A. twistl Bleeker 
Cord aygula Lac6ptdc 
C. gafmardi (Quoy & Gahard) 
C: variegata (Riippell) 
Chnphosur vurius Laclpide 
Halichoeres biocellahr~* Schultz 
H. chloropterus (Bloch) 

chryslrr Randall 
H. horiulanus (L-de) 
H. margaritaceus (Valenciennes) 
H. rnarginatw RUpippeH 
H. mdanutus (Bleeker) 
II. melavnapomus Rnndall 
H. prosopcion (Blccker) 
H. richmondi Fowler & Bean 
H. rcapularu (Bcnne ti) 
H. trimaculatrcs (Quoy & Gaimard) 
Ndichveres sp. 
~alichorres sp.  2 
Hemigymnus fmcia txrs :(Bloch) 
H. melopterns (Bloch) 
Hologymnosus ubliatur (Lackptde) 
Macropharyngodun melcagris (Valenciennes) 
Pseudacorls ymnruhimi (Schmidt) 
Sterhojulb bandanensis (Blocker) 
S. strigivenior (Bennctt) 
Thalassoma atnblycephulum (Bleeker) 
T. ltardwicki (Bennett) 
T. janreni (Bleeker) 
T. h a r e  (L.) 
T. lutescms (lay & Bennctt) 
I: purpureum (Forsski1) 
T. quinquevittatum (Lay & Bennett) 
T. frilobar~n (Lacbee)  
Diyroctacanthus xnnthum (BIeeker) 
Labrichthys milineatus (Guichenot) 
Labroides bicolor Fowler & Bean 
L. dintidiatus (Valenciennes) 
L. pectoral& Randall C Springer 
IabropsLr micronesica Randall 
L. mthonoru* Randall 

Smridac 
Cahtomus carohus (Valenciennes) . 
C. spinidens (Quoy & Gsimard) 
Bolbornetopon muricutum (Valenciennes) 
Cetoucarus bicolor (Riippell) 
Hipposcarus Iongiceps (Valenciennes) 
Scarus altipinnis (Stcindachner) 
S. orropectoralis Schultz 
S. bleekeri (dcBeauforr) 
S. bowersi (Snyder) 
S chaemeleon Choat & Randall 
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L O C A W  

FAMILY/SPECKES T H M P S F TOTAL % 
- .  

S dimidiahu Blcckcr 
S. fesrivus Valenciennes 
S. flavopectoralis+ Schulu 
S. forsieni (Bleeker) 
S. jrenatu~ Lacipide 
S. ghobbun-Forsskd 
S. globiceps Valenciennes 
S. hypseloptem Bleeker 
S. microrhinos Bleeker 
S. niger Forssktil 
S. oviceps Valenciennes 
S. prarioignaihos Valenciennes 
S. psiftacus Forsskil 
S. quoyi Valcncicnnes 
S. rivulaius Valenciennes 
S. rubroviofaceus (B1eeke.r) 
S. schle~eli (Bleeker) 
S. sordirkrP Fonskll 
S. spinus Kner 
Scarus sp* 

Pinguipcdidae 
Parapercis clathrata* Ogilby 
P. cylindrica (Dloch) 
P. terracantha* (Jordan & Seale) 
P. xanfhozona (Bleeker) 

Trichonotidac 
Trichonotuf 6p. * 

Tripterygiidae 
Helcngramma capituda Rosenblart 
tripterygid 1 

Blenniidae 
~rrosiaIarius'~~cus holomclas (Giinthcr) 
Cirripectes castoneus (Valenciennes) 
C. p e w h a  Smith 
C. polyzum (Bleeker) 
C. qwgga Fowler & Ball 
C wio lo~us  (Valenciennes) 
Ecseniw biculor (Day) 
E. opsifrontal& Chapman & Schultz 
E. yaeywnaensir (Aoyagi) 
Ecseniw sp. * 
E. sp. 2+* 
Enfomacrodw caudofasciatw (Regan) 
Entomacro& sp. (brevir?) 
Meiacnnthus airodorsulis (Giinther) 
M. grammirtes (Valenciennes) 
Petro~cirtes mitratw Ruppell 
P. xestus Jordnn & Seale 
Plagiotremus InuJanus Iaudnrtus (Whitley) 
P. rhynorhynchus (Blacker) 
P. tapeinusorno (Bletku) 

Callionymidae 
Diplugrammus goramensfs (8lec!kcr) 

Microdesmidae 
Nernaeleotris mgn@ca Fowlcr 
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Paringlosrus formosur (Smith) 
Pterelcotris evidcs (Jordan & Hubbs) 
P. zebra (Fowler) 

Gobiidae 
Amblyeleotrir periopthaha Bleeker 
A. randalli Hoesc & Steene 
A. steinitzi* (Klausewitz) 
Cryptocentnrs cinclus ( H e m )  
C. octof~cintus* Regan 
Ctenogobiops pommttctus Lubbock & Pulonin 
Lotilia graciliosa Klausewitz 
Amblygobius hectori (Smith) 
A. piuaInem (Valenciennes) 
A. rainfordi (Whitlcy) 
Opolomus opolomus (Valenciennes) 
Sigrrigohiur biocellatus Hoest & Allen 
Valcnciennea strigata @mussonct) 
Valrncicnnea sp. 
Vanderhorstia ambanoro* Fourmanoir 
Bafhygobiur fuscusfiscw (RiippeU) 
Bryaninops amplus Latson 
5. erythrop? (Jordan & Sealc) 
B. youngei (Davis & Cohen) 
Evjota afeli?* (Jordan t Sealc) 
E. bfasciata Lachner & Karnella 
E. lachbrederi Giltay 
E. m e l m a  Lachntr & KarneUa 
E. prarina (Klunzinger) 
E. prasitcs* Jordan & Sales 
E. guccnrlandicd! Whitley 

. Eviota sp. (storthynfl) 
Eviota sp. green spot 
Evwlu sp. green 
Eviota sp. white 
Eviota sp. white spotted 
Eviota sp. orange/gold stripes 
Eviota sp. gold spots 
Eviota sp. black headjwhite spot 
Eviota ssp. yellow head 
Eviota sp. pale orange/white spots 
E o t a  sp. orange head 
Eviota sp. clear orangc 
Exyriar beltrsimu~ (Smith) 
Fwigobius neophytw (Giinther) 
Gnatholepis sp. (unjeremir?)* 
Gnatholepis sp. * 
Gobiodon okinawae Sawada, Arai & Abe 
Istigobius decoratus* (Hem) 
I.  ornarus (Riippell) 
I. rigilk* (Herre) 
Paragobiodon echinocephalus (Riippell) 
P. lacunicolw* (Kendall & Goldsborough) 
Trimma naudei* Smith 
T: okinawae* (Aoyagi) 
Trimma sp. 

16.7 
100.0 
16.7 

16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
SO. 0 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
33.3 
33.3 
16.7 
16.7 
66.7 
33.3 
50.0 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
66.7 
16.7 
16.7 
33.3 
66.7 
16.7 
33.3 
33.3 
16.7 
83.3 
16.7 
16.7 
16.7 
33.3 



~
!

APPENDIX (continued)

-
LOCALITY"

T H M P S F %FAM1LV/SPF:C:IES TOTALVa

6.7
0.0
6.7

I
I

16.7
16.7

1 16.7
50.02 3 2 36.7

6.7
6.7
6.7
,6.7
16.7
[6.7
16.7
16.7
16.7
16.7
\6.7
50.1>
16.7
l6.7
16.7
16.7
16.7
16.7
16.7
16.7
16.7
16.7
33.3
33.3
J6.7
16.7
66.7
33.3
SO.O
li1.7
J6.7
16.7
16.7
16.7
16.7
16.7
66.7
16.7
16.7
33.3
66.7
16.7
33.3
33.3
16.7
83.3
16.7
16.7
16.7
33.3

3
1
7
1
1

1
I
1
1
I
1
1

16.7
16.7
16.7
16.7
16.7
16.7
16.78

3
3

3
2
1

1
4

1
3

6
5
2
2
4
6
2
2
6
6
2
5
6
6
6
2
3
6
6
2
6
6
6
3
3
6
6
1
5
5
4

100.0
83.3
33.3
33.3
66.7

100.0
33.3
33.3

100.0
100.0
33.3
83.3

100.0
100.0
100.0
33.3
50.0

100.0
100.0
33.3

100.0
100.0
100.0
50.0
50.0

100.0
100.0
16.7
83.3
83.3
66.7

I

1
2
7
1

1
1
5

1
2

3
35

1
5

1
3
3

6
2
1

14
7
I
1
9
6

5
6

5
3

3
3

3
1
3
1

1
2
3
1

]
4
5
1

1
:3
2
2

2
5
5
1
1
4
4

2
1

12
7
1

14
6
4
4
4
8
6
2
3
6
1

1
1
3

1
4

.1

3
2
3
1

1
:\ 4

6
3
4

3
1
3

6
2
2
1

3
2
1

2
1
3

t
2
4

2
1

3
4

1
6

6 3
t

5
2
4

3
2
1

4
2

6 13 .1 5 4 5 83.3

1 4 1 :1 4
1
3

83.3
16.7
50.01 2 2
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Trimma sp. red/gold lined *

Trimma sp. orange stripe*
Ephippidae

Platax pinnatus (L.)
P. tifra (ForsskAJ)

Siganidae
.)'iganus argtnteus (Quoy & Gaimard)
,'I... coral/inuf Valcncicnnes
S. puel/us (Schlcgel)
S. punctatus (Schneider)
S. punctati.r.rimus Fowler & Bean
S. spinus (L.)
S. vulpinw (Schlegel & Muller)

Acanthuridae
Acanthurus bariene (Lesson)
A. blQc),ii Valenciennes
A. dussumieri* Valenciennes
A. guttatus (Bloch & Schneider)
A. leucochilus Herre
A. lineatus (L.)
A. maculictps Ahl
A- mala Cuvicr
A. nigricans (L.)
A. nigrojuscus (ForsskAl)
A. nigoris Valenciennes
A. olivaceus Bloch & Schneider
.4.. pyroferus Kittlitz
.4.. thompsoni (Fowler)
.4.. triostegus trwst"gt.l.f (L.)
A. xanthopterus Valenciennes
Ctenochaetus binotatus Randall
C. hawl2iien.fLf Ran~ll
C. striatus (Quoy & GaimaId)
ParacanthIUUS hepatU.J (1.)
Zebra.roma 3COpas (Cuvier)
Z. yeliferwn (Bloch)
Nasa annulatU3 (Quoy & Gaimard)
N. brachycentron (Valenciennes)
N. breviro3tris (Valenciennes)
N. hexactmthus (Bleeker)
N. litluatus (Bloch & Schneider)
N. lopezi Herre
N. tuberosus Lacepede
N. Imicornis (Forsskil)
N. vlagmingi (Valencicnnes)

Zanclidae
Zanclw COrlSutus (L.)

Sphyraenidac
Spnyraena barrucuda (Walbaum)
S. fori/leri Cuvier
S. genie Klunzinger

Scombridae
AcantMcybium solandrl Cuvier
Euthynnus affinis Canror
Kal,~wonus pelamLf L.

#
#
#

.' '-
,;..'., ~. ~;~
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Bothidae 
Bothus sp* 1 16.7 

Baliitidac 
Balistapus wrdula~trrr (Mungo Park) 6 11 5 6 100.0 
3. cunspicillwn (Bloch & Schneider) 2 3 5 6 100.0 
B. viridescens (Bloch & Schneider) 6 6 6 6 100.0 
Melich~hys niger (Bloch) 4 7 4 6 100.0 
M. virlira (Solander) 5 6 5 6 100.0 
Odontrr niger (Rilppell) 2 2 5 6 100.0 
PseudobIistesfLrvlmar~atrrs (Riippell) 2 2 3 6 100.0 
Rhinecanthais aculeahl~ (L.) 1 1 2 33.3 
R. rectmguha (Bloch & Schneider) 4 2 3 50.0 
Suflmen hrsa (Bloch & Schneider) 1 1 3  6 100.0 
S. chrysoptera (Blwh & Schneider) 1 4 66.7 
Xunthichthys auromarginalus (Bennett) 2 2 83.3 

Monacanthidae 
Ahterns scriptus (Osbeck) 1 2 33.3 
Cantherhines h e r i l i i  (Hollard) 2 2 33.3 
C. pardalw (Riippell) 1 16.7 
Parcrlitteres prionunrs (Bhker) 1 16.7 
Perwgor jan~hinosorna (Bleektr) 2 33.3 

Ostraciidae 
Ostracion cubicus I,. 4 66.7 
0. meleagrh melcagrir Shaw 4 66.7 
0. solorensis Bleektr 2 33.3 

Tetraodontidae 
A rnthton mappa (Lesson) 1 16.7 
A. nigropunctatus (Bloch & Schneider) 3 50.0 
A. nigropuncratw (gold) (Bloch & Schneider) 3 50.0 
A. stellatus (Bloch & Schneider) 1 16.7 
Canthigwter bemetti (Meeker) 3 16.7 
C. vulenrini (Bleeker) 1 16.7 

Diodontidae 
DiodQn hystrix L. 2 33.3 
Chilomyctew reticulafus* I .. 1 I 16.7 

- .-. 
"T, Tobi; H. Helen Red; M, Merir; P, Pulo Anna; S, Sanmrol; F, Fanna. 
*. Ncw record. 
*., New =cord for Minoncsia. 
#, Species obsmrcd other than on tranaecu and not included in analyses. 
Values indicate the number of tramects where the rpecies war observed at each locality. Totd is the number of localities where the 

species was obsuved. Percent is the proportion of localities w h m  the spbcies was observed x 100. 


