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ABSTRACT Reef fish assemblages in the inner Gulf of Thailand exist in a low salinity, high- sediment
environment with limited connection to other reefs. Monitoring of reef fish assemblages at Khangkao
Island from October 1997 to November 1998 revealed 83 species from 28 families. The pomacentridae
family was dominant in terms of both number of species and abundance. Small water-column feeders
(13 species, 40% abundance) and small herbivores (4 species, 39% abundance) dominated the
assemblages. Invertebrate feeders and piscivores were less prominent, with a moderate number of
species in low abundance. The differences in species composition between sites arose because habitat is
a major source of variation, while the time of year of sampling and reef orientation with reference to
seasonal winds were less important. Variation among stations was detected only in fish assemblages of
the reef slope. Temporal variation was also detected but mainly on dominant fish taxa in each study
site. Community parameters indicated a similar pattern where habitat was a major source of variation
in species composition. The results suggest that fish assemblages on reef slopes have higher species and
abundance than other habitats. The present structure of the fish assemblage of Khangkao Island illustrates
a shift from the structure 10 years ago. Benthic invertebrate feeders declined severely while small
plankton feeders and herbivores increased. This may reflect a pattern of increasing disturbance affecting
reef fish assemblages in the inner Gulf of Thailand.
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INTRODUCTION

Many marine organisms including reef fishes are
assumed to have an open population.! For coral
reefs, this assumption leads to the concept of con-
nectivity where source reefs facilitate seeding of sink
reefs.? This concept also leads to the question of
how different reefs maintain their populations and
communities of organisms. This question may also
relate to disturbances influencing different reefs. The
study of ecosystems at their environmental limits is
ideal for examining ecological processes regulating
populations and communities of reef organisms.?

Differences in reef fish assemblage structure have
been recognized over different areas with different
underlying causes. Different zoogeographic regions
demonstrate very large-scale spatial variation due to
evolutionary history and larval dispersal.*> The
influences from land relating to reef development,
such as run-off water, have been demonstrated for
the Great Barrier Reef and Red Sea.>!® At smaller
spatial scales, reef habitat variation due to geo-
morphological differences®'° and also human

disturbance!! are known. There has been little work,
however, documenting the community structure
of assemblages of individual reefs with limited
connectivity in a low salinity and nutrient-rich
environment.

The inner part of the Gulf of Thailand (inner
Gulf) is the northwest apex of the Gulf of Thailand.
It has a squarish shape covering an area of 10,360
km? fringed by 300 km of coastline (3.2% of the total
area and 4.3% of the coastline of the entire Gulf of
Thailand). Coral formations are found only on the
East Coast of the inner Gulf, where a chain of islands
known as the Sichang Islands are located inner-most.
One of these, Khangkao Island, located in the
southern-most part of the Sichang Islands, has the
best-developed and largest area of coral formations.
These coral formations are classified as coral as-
semblages and are characterized as poorly developed
or with no reef framework.'? Primary factors limiting
reef development here are low salinity and high
nutrient concentrations maintained by runoff from
four major rivers."* Water circulation is also limited
where tidal currents cause north-south movements
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of water mass in the area.'* The connection to other
reefs is limited as the nearest coral reefs are found
only in the south. These coral formations at Khangkao
Island can be considered as sink reefs from their
position at the downstream end of the Gulf of
Thailand. This raises the question of how these
reefs maintain their populations and community
structure. Furthermore, their sensitivity to any
sources of disturbance is also of interest.

In this study, we investigated reef fish assemblages
on such a reef system in a low salinity environment
with limited larval supply from other reefs. A
description of reef fish assemblages at Khangkao
Island was first provided in 1986. To date, there is
little new information on fish assemblages from this
area. During this time, anthropogenic disturbances
to this area have increased, especially from port
construction, rock mining and tapioca dust. The
intention of this report is to provide an updated
description of the community structure of reef fishes
and to determine their spatial and temporal
variations.

MATERIALS AND METHODS

Study sites

Khangkao Island (13°06” 30” N, 100°48" E) is
located in the southern-most part of the Sichang
Islands in the inner Gulf of Thailand (Fig 1). Itis 7
km off the east coast of Sriracha District, Chonburi
Province, and 30 km south of the mouth of the
Bangpakong River. Itisasmallisland (1.5 km x 0.8
km) with narrow strips of coral assemblages,
generally 30-100 m in width and 3-5 m in depth.
Reef development is generally limited. Structures
of coral assemblages here were described in 1986.1
Four localities around the island were selected for
study: North reef (N), Northeast reef (NE), Southeast
reef (SE), and Southwest reef (SW). The coral
assemblages in each locality are subjected to different
wind and wave actions. The SW reef is exposed to
the southwest monsoon and experiences the
strongest wave action, while N and NE reefs are
exposed to the northeast monsoon and receive only
moderate wind and wave action. The SE reef is
sheltered and relatively free from monsoonal
influence.

Sampling procedures

This study was conducted from October 1997 to
November 1998. Fishes were censussed on 11
occasions spanning 14 months at 4 localities. These
localities had 2 habitats, reef flat and reef slope, which
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differed in substrate types, depth and influence
from wave action. The term “site” will be used to
represent the sampling area of each habitat at each
locality. At each site fish were counted along 5
random transects each 30 m long and 5 m wide.
Transects were positioned with their long axes
parallel to the shoreline and were separated by
approximately 10-15 m. Instantaneous visual
census'” was employed by a SCUBA diver who
simultaneously identified and counted fish during
the deployment of the measuring tape. However,
small and cryptic species, eg gobies and blennies,
were excluded from the census, as they were difficult
to see and count accurately. A previous study’
showed that the proportion of these groups at
Khangkao Island was small, and considered them to
be only a minor component.

Fish community structure was categorized
according to the feeding niche of each species. These
categories were defined on the basis of both visual
observation and from a number of references.” '8

Data analyses

Canonical Discriminant Analysis (CDA) was
employed to test the hypothesis that time, locality,
and habitat influenced fish community structure. A
priori tests were performed on the data matrix
to verify tha the data satisfy the assumptions
of parametric statistical methods.”® A log (x+1)
transformation, therefore, was applied to stabilize
the variance of the data set. This transformation
was also used to reduce the chance that a few
extremely dominant species would skew the results
of CDA. The CDA analysis was performed on the
centered data matrix using SPSS 7.5 for Windows.?!
The canonical structure of each species was used as
the “responsive” factor for the discrimination of sites
(ie the interpretation indicates fishes that would be
the most different between two sites). Angular
interpretation was thus used for the ordination plot
produced by CDA.

Community characteristics were described by
four parameters for the purpose of ANOVA: total
abundance, species richness, diversity, and evenness
indexes. The abundance of all fishes at each site
was calculated as the mean abundance from five
replicates. Therefore, mean abundance of all fishes
was expressed as individuals per 150 m?. Species
richness was a count of total species found in each
site. A Shannon-Wiener diversity index (H' = -Xp,
In p,) and evenness index (E = H/In S) were
calculated using natural logarithms throughout.?**
Computation of these community parameters
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(except total abundance) was executed on mean
abundance at each site rather than abundance at each
transect. These parameters were considered as semi-
quantitative variables rather than quantitative. For
example, the mean number of species of each site
calculated from replicate transects tends to under-
estimate the actual number of species found at each
site. The actual number of species of each site,
therefore, should be the cumulative total from each
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replicate rather than averaged. This is also the
problem when calculating the species diversity and
evenness indices.

ANOVA was used to test the hypothesis that there
are influences on community parameters by
sampling time, locality and habitat. Full factorial
three-way ANOVA was applied to the total abun-
dance, while three-way ANOVA without replicates
was applied to species richness, species diversity and

Sichang lslands

Khangkao Island

Gulf of Thailand ?

Fig 1. Map of Khangkao Island showing 4 study localities with profiles indicated 2 sampling habitats.
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evenness indexes. This is because these community
parameters are calculated from mean of each site,
and therefore lack replication. In this case, error
mean square does not exist and the second and third
order interaction MS is used as F-denominator.?* For
statistical hypothesis testing, a decision level of 0.05
was used throughout the study, but the lowest
probability level was also reported where appro-
priate.

ResuLts

Assemblage structure

A total of 139,764 fish were counted during the
study period. Eighty-three species belonging to 29
families were found. Species and mean abundances
associated with each habitat at four localities
around Khangkao Island are presented in Table 1.
Pomacentridae dominated this assemblage with 20
species and represented 76.9% of total abundance
(Table 2). Five families were represented as minor
components: Labridae, Apogonidae, Nemipteridae,
Carangidae and Chaetodontidae, each family
contributing 2-6 species and representing 2-6% of
total abundance. The families Serranidae, Siganidae
and Lutjanidae were each represented by 5-6 species.
Only 1 or 2 species from each of several families
were recorded. The relative abundance of these
poorly represented families was less than 1%.

According to ecological categories (Table 3),
omnivores and herbivores dominated the assemblage
represented by 32 species accounting for 81.5% of
the total abundance. Within these categories, small
site-attached herbivores (39.7%) and water column
feeders (39.6%) were the most dominant groups.
Remarkably, small site-attached fish were represented
by only 4 species dominated solely by Pomacentrus
cuneatus. In comparison, water column feeders
were represented by 13 species, dominated by
Neopomacentrus filamentosus, N. anabantoides and N.
cyanomos. Invertebrate feeders had the highest
species number, 35 species but representing only
about 17.5% of total abundance. Among this group,
Scolopsis spp. and Halichoeres spp. were the most
abundant. For the piscivores, 16 species were sighted
but their abundance was low, representing less than
1% of the total. Most of the piscivores found were
small, certainly under 15 cm. in total length such
as Cephalopholis boenack.

Species composition
The results from CDA illustrated spatio-temporal
variability in community structure of fish in the study
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area (Fig 2). The first two discriminant functions
explained 63.9% of total variance in the data set. It
is clear that the community structure of fish on the
reef flat and the reef slope is distinct. Community
structure of fish on the reef flat at all localities showed
less variation, and species characterizing this habitat
were Pomacentrus chrysurus, Abudefduf bengalensis
and Gerres filamentosus.

On the reef slope, by contrast, there were
variations between localities where N and NE had
similar structure while SW and SE had different
structures. Fishes characterizing reef slopes of
N and NE reefs were Halichoeres purpurescens,
Neopomacentrus filamentosus, N. cyanomos, N.
bankerii, N. anabantoides, Cheilodipterus quinque-
lineatus and Diploprion bifasciatus. The SE reef
slope is characterized by Neoglyphidodon nigroris,
Hemiglyphidodon plagiometopon and Pomacentrus
moluccensis. Apogon doederleini, A. cyanosoma and
Halichoeres nigrescens dominate the reef slope of the
SW reef.

CDA of species composition over the entire
sampling period showed a consistent pattern of the
same site aggregated in the same group on different
months. This result suggests that the community
structure of each site varies temporally in the major
fish components.

Community parameters

Total abundance varies over test factors, as there
was significant Time x Locality x Habitat interaction
(Table 4). Habitat, however, was a major source of
variation accounting for 61.6% while Locality and
Time explained less variation. As variation between
localities was not prominent, total abundance was
averaged across localities (Fig 3a). Fishes on reef
slopes (300-600 indiviuals/150m?) were more
abundant than those on reef flats (200 indiviuals/
150m?). However, fish abundance on reef slopes
exhibited fluctuations over sampling occasions,
while fish abundance on reef flat remained relatively
stable. Total abundance of fish on reef slopes was
highest in December-January and in July-September;
both maxima followed the influx of recruits the
previous month.?

Results from ANOVA suggested some variation
in species richness over test factors, significantly
Time x Locality and Locality x Habitat interactions.
The variance components, however, indicated that
Habitat (24.9%) and Time (22.2%) were the major
contributing sources of variation while other sources
contributed less than 10%. Locality, therefore, was
dropped and means are illustrated for Time and
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Table 1. Meun ubundunce +SE (no/150m?) by species of reef fishes observed on 2 habituts of 4 loculities ut Khangkuo
Island, inner Gulf of Thailund, during 1997-1998. (* detdil in Tuble 3, ** P — Permunent, V - Visitor)

Family

Species

Ecological
Guild* Residency™*

N NE

Flat Slope Flat Slope

SE
Flat Slope Flat

W
Slope

Pomacentridae  Abudefduf bengdlensis

Labridae

Apogonidae

Serranidae

Siganidae

Abudefduf sexfasciatus
Abudefduf vaigiensis
Amblyglyphidodon curacao
Amphivrion periderdion
Chromis cinerascens

Hemiglyphidodon plagiometopon

Neoglyphidodon melos
Neoglyphidodon nigroris
Neopomacentrus unubutoides
Neopomacentrus cyahomos
Neopomacentrus bunkieri
Neopomacentrus filumentosus
Pomdcentrus cuheutus
Pomdcentrus chrysurus
Pomdcentrus moluccensis
Pomacentrus fripunctatus
Plectroglyphidodon lacrymatus
Chelloprion lubiatus

Stegustes obreptus
Hdlichoeres chloropterus
Hdlichoeres purpurascens
Hdlichoeres higrescens
Hdlichoeres vrolikii

Hdlichoeres poecilopterus
Hemigymnus melupterus
Cheilinus fascictus

Choerodon schoenleinii
Apogon doederleini

Apogon cyanosomu
Archamid fucatu
Cheilodivterus uinguelineatus
Cheilodivterus macrodon
Chellodiuterus artus
Cephdlopholis boenak
Cephdlopholis formosu
Cephdlopholis cyanostigma
Evinephelus merra
Ewinephelus fasciatus
Ewinephelus malabricus
Sigunus guftatus

Slganus javus

Siganus virgatus

Siganus candliculatus

Siganus cordllinus

W W W W W O 0 0 0 © 0 ~ ~ ~ ~ ~J 4 O O O O O~ O O OO N O O — — — — DD DD DN OO N RO DN DN DN

< < < < < Y Y U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U O

36105 38£04 106£13 7009

09+03 051£02 04102
02+01 02£01 <01 03z01
01+01 0101 02201 03+02
09+09 98+48 08£05
02+01 04101 01£003 07z0.1
01+01 <01 -

01+01 0401 <01 04z01

120£44724£127 20409 6121142
06+06 340263 062006 441167
04+04 232£35 180£3.3
2231471562£19.724£13 9061104

1167 139+9 12044  83+6
18402 01+01 01201 122453
0.1£0.1 07+02
02+02 0101
<01 =
<0.1
<01 04+01 0201 <01
108+08 86108 96109 97407
13402 54+05 02+01 32+04
36104 651+05 63£05 49£03
03+02 0602
03101 0101 - <01
<0.1
06104 1609 56122
3122 26+10
03102
0.1£0.1 107+1.8 40£09
33110 03402
34417 04+04
09402 13+02 18203 03%0.1
<01 04+01 01£01 02+01
<01
<0.1 - <0.1
06t02 22+05 03£01 53+10
<01 10:07 <01 07+03
<0.1
06103

<01

04+27 72114 304431
<01 02+01 35%09
<01 - 0101

02+01 04401 <01

04+01 03£02 0501

09408

05+01 14402

0201 <01 <0.1

05+01 33403 <01

02402 94.6+165 1.8413

279459

326+43

7004132 <01
99+£5 130+7 13546

38+04 <01 05402

09+02

0101 - <01

<0.1
02+0.1
9.4+07
02101
67105

04401
85108
03+0.
41403
0.1£0.1

0101
9.9+0.7
50+05
43104
09+03
0101
<01 <01

<0.1

2211 06£06
06£06 0.1£01

0.1£0.1
68116
18409
06+01 15+02 21403
<01 0401 <01
<0.1
<01 - <01

25109 31405 0510.
1209 01+01 02401
<0.1
03403

[}

0604 <01
<01

264125
40£10
03201

02101

01201
46.1£9.5
16.1£4.6
25106
162138
156110
05£03

112£08
34+04
97407
03£0.1
03£0.1

<01
355163
118+3.0

112146

<0.1
<0.1

01201
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Table 1. Cont'd.
Ecological N NE SE W
Family Species Guild* Residency**  Flat Slope Flat Slope Flat Slope Flat Slope
Lutjanidae Lutjanus argentimaculatus 9 P <0.1
Lutjanus russell 9 P 04402 05+03 29+19 <01 <01
Lutianus viffa 9 P 0.1£0.1 18407 13107 05102
Lutjanus caruonotatus 9 P 0.1+0.1 0.5+0.2
Lutjanus fulviflumma 9 P <01 <01 <01
Nemipteridae  Scolopsis dubiosus 6 V 10402 06+02 0101 1.1+03 04+01 03+01 04+01 09402
Scolopsis margaritifer 6 % 22+04 12+02 23404 17+03 14403 15+03 02+01 1.1£03
Scolopsis ciliatus 6 V 57410 57+10 40£05 200£29 12+03 86+14 55+08 17.1£19
Scolopsis vosmeri 6 V 0.02+0.02 0.04+003
Carangidae Atule mute 5 V 18408 45+14 05+03 45+13 16+10 67+23 15£07 174£45
Selroides leptolepis 5 V 03£02 12+10 <01 01%0.1 03+02 03+02 20+10
Ghathanodon speciosus 5 V <0.1 <0.1 <0.1
Haemulidoe Plectorhynchus chaefodonoides 9 P <01 <01
Plectorhynchus gibbosus 9 P 0.1+0.1 <0.1 <0.1
Diagramma pictum 9 P 02+0.1 <0.1 <0.1 <0.1
Chaetodontidae  Chuetodon octofusciutus 6 P 80+16 7609 60+07 65£07 6606 60+06 52+05 65107
Chelmon rostratus 6 P 02+0.1 03+0.1 01+01 02401 02+01 01£01 03+0.1
Mugilidae Ellochelon vaigiensis 3 \ 01+01 02102 0101
Moolgardu seheli 8 % 14407 04402 07+06 <01 05104
Pomacanthidae  Pomacanthus anhularis 6 P <01 <01
Pomacunthus sexstriatus 6 P <01 02+01 <01 <01 0201 04101 0301
Dasyatidae Tueniurd lymma 6 P <01 <01
Gobiesocidae  Diudemaichthys lineutus 4 P <01 06+01 <01 01£01 03+01 <01 06%01
Holocentridae  Scargocentron rubrum 7 P <01 46+10 <01 27+08 <01 02+01 02+01 1.1+03
Centropomidae  Psummopercu waigiensis 8 P <0.1 <0.1 <01 <0.1 <0.1
Grammistidae  Djploprion bifasciatus 6 P 04£01 17+02 05£02 17+02 02+01 1603 01+01 18403
Leiognathidae  Leiognuthus equulus 6 \ <01
Caesionidae Cugsio cuning 5 V 0.1£0.1 08+04 18108 37+12 71£19
Gerreidae Gerres filumentosus 6 % <01 02+02 01£01 1808 03102 11.8+34 09+04
Mullidoe Upeneus tragulu 6 V 0201 <01 0201 43+20 02+01 0101 02+01 05201
Pempheridae  Pempheris oudlensis 7 P 42414 23107 HSERIN 9.6+2.6
Kyphosidae Kywhosus vuigiensis 8 V <01 0301 02+01 <01
Sphyraenidae  Sphyraena obfusatu 9 V 15£1.1 02102
Scaridae Scarus ghobbun 8 % <01 <01
Microdesmidae  Pfereleotris sp. 4 P 09+09 95+40 16116 280+65 0.1£0.1
Monacanthidae  Monacunthus chinensis 6 V <01 <01 <01 <0.1
Ostraciidae Ostracion cubicus 6 P <0, <01 <01 014006 <01 0.11+0050.18+0.06
Diodontidae Diodon liturosus 6 P <01 <01 <01 <0.1

Habitat (Fig 3b). It is clear that species richness on
reef slopes (22-32 species) was higher than that on
reef flats (15-20 species). The number of species at
both habitats over time had a similar pattern (non-
significant interaction for Time x Habitat). There
was some fluctuation over sampling times with
species richness being highest in December, keeping

stable until dropping sharply in May, before in-
creasing again with little fluctuation.

Habitat was also a major source of variation in
species diversity and evenness indices, with their
variance components representing 80.6% and
69.8% of total variance, respectively (Table 3). There
was a significant Locality x Habitat interaction on
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Table 2. Mujor cordl reef fish fumilies found ut Khungkuo Islund during 1997-1998 compuare with 198415,

1997/98 1984
Family No. species % abundance No. species* % abundance

Pomucentridue 20 76.9 10 54.1
Labridue 8 5.6 4 1.6
Apoyonidue 6 4.2 5 16.5
Serranidue 6 0.5 2 2.9
Sigunidue 5 0.9 - -
Lutjunidue 5 0.3 4 <1
Nemipteridue 4 3.2 - -
Carangidue S 1.7 1 <1
Hauemulidue & 0.02 - -
Chaetodontidue 2 2.1 2 6.9
Mugilidue 2 0.1 - -
Pomacunthidue 2 0.05 - -
Others 17 4.5 42 cu. 19
Total 83 100 70 100

* including cryptic species

Table 3. Composition of fish ussembluge on corul reef DISCUSSION

of Khunygkuo Islund clussified bused on
ecoloyicul guild.

Ecological guilds No. species % abundance

A) Herbivores 15 39.7
1. Site aftach 4 38.5
2. Gurdener 2 0.2
3. Homerunye 9 1.0
B) Omnivores 17 41.8
4. Wdater column 13 39.6
5. Pelagic 4 2.2
C) Invertebrate feeders 85 17.5
6. Substrate feeders 27 12.1
7. Nocturnul feeders 8 5.4
D) Predutors 16 0.9
8. Site uttach 7 0.6
9. Homerunye 9 0.4

Total 83 100

species diversity and evenness indices (Table 1). Fig
3b and 3c illustrate that reef slope had higher fish
diversity and more evenness than reef flat. Species
diversity at both habitats showed the same pattern
of fluctuations over time. The species diversity index
increased from October to a peak in January before
decreasing slightly to July and then increasing again.
For the evenness index, the fluctuation over time
was less prominent (no significant effects relevant
to Time were detected).

The prominent features of Khangkao’s reef fish
assemblages, in general, are low species richness and
absence of many reef fish taxa eg Acanthuridae. In
the previous records in 1986, fishes at Khangkao
Island were 49 species from 18 families.”” In 1986,
70 species from 31 families, including some cryptic
species, were reported.” This study in 1998 reports
83 species from 29 families. Thus, the total species
pool of reef fishes at Khangkao Island is estimated
at around 100 species. The reason for this low
diversity is its geographic location in the innermost
part of the Gulf of Thailand. The location of this
reef is comparable to near-shore reefs where the
structure of reef fish assemblages is less complicated
compared with offshore reefs.”® Furthermore, this
reef also has limited connection to nearby reefs. The
area of reef is also important, estimated at only 0.5
km?, while the total reef area of the Sichang Islands
is less than 1 km?. Species and area relationships
have been pointed out as important ecological
factors.”-2®

Most significant in the reef fish assemblages at
Khangkao Island is the dominance of individuals of
the family Pomacentridae, which is consistent with
the results from 1986."> However, the representation
of other families differed between the two studies.
Individuals of Pomacentridae and Labridae were
more abundant in the present study, while those
of Apogonidae, Chaetodontidae, Pempheridae,
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Atherinidae, and Serranidae were less abundant
(Table 3). This result suggests a shift in trophic
structure from benthic invertebrate feeders to small
herbivorous and plankton feeders.

Cross-shelf variability across the central Great
Barrier Reef has also been illustrated, in which
planktivores and benthivores form a major com-
ponent of inshore reefs while algal feeders represent
less than 10%.” In contrast, reef fish assemblages
from pristine reefs of Hawaii had benthic invertebrate
feeders as the major component (57%) while algal
and plankton feeders represented 22% and 10%,
respectively.'’ The three most species-rich families
were Labridae, Acanthuridae and Chaetodontidae,
and the three most abundant families were Gobiidae,
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Apogonidae and Pomacentridae. Food availability
is also a factor structuring fish assemblage in each
reef system at Hawaii."! The assemblage structure
of fishes at Khangkao Island is quite different from
that in Hawaian reefs. The geographical position
and influences from land may contribute to this
difference.

Spatial variation

Zonation patterns of fish assemblages on coral
reefs are common.®** This study indicated that reef
habitat is the main contributing factor to zonation
pattern. Although the reef framework is less developed,
and distance and depth ranges among habitats are
relatively short, the assemblages of fish on the reef

a) b)
6
® Centroids APODA
47 v
SW-Slope
< HALNIG'BOS roolEoRL e SHALPER
1) 21 ¥ SW-Flat ABUSEX ¢ lchu?‘o
) oack .
8 * SE-Slope AECBEN® A PavpuL MTOR
N 01 I GHFFT 3 | NPOBAN © |
a) © SE-Flat Colgros  °SIGAUT
O 04 i 04
21 “ NE-Slope S MvoL
£ NE-Flat HEMPLA ¢
4 " N-Slope
-6 ‘ : ‘ ‘ hd ‘ P N-Flat NEONIG &
6 4 2 0 2 4 6 8

CD 1 (43.4%)

Fig 2. Ordination plots from Canonical Discriminant Analysis illustrated spatio-temporal variability of fish assemblages on coral reef
at Khangkao Island; a) Site scores and b) Canonical structures of species (only some species are labeled due to overcrowding).

Table 4. ANOVA table showing testing factors effect on four community parameters. ABC interaction is used us F
denominator for species richness, Diversity and Evenness Index. * significant ut P <0.05 and hs — hot significunt.

sov Total abundance Species richness Diversity Evenness

Df MS F %VC MS F %VC MS F %VC MS F %VC
Time (A) 10 018 1043 37 69.88 895 222 11.80 338 034 610 2,12 248
Locudlity (B) 3 0.12 7.12* 0.1 80.76 10.34* 95 2.20 0.63 - 1.38 0.48m -
Habitat (C) 1 15.03 871.44* 61.6 305257 390.95* 249 1253.60 358.99* 80.57 50400 175.61* 69.84
AB 29 0.14 7.93* 10.8 15.43 1.98* 109 5.41 156 285 403 141 3,57
AC 10 0.09 543* 35 9.74 1.25 1.4 1.40 040 - 1.81 0.63 -
BC 3 0.11 627 15 4202 538 89 2810 805" 634 1420 495 7.76
ABC 29 004 208" 34 7.81 22.3 3.49 990 288 17.75
Error 344 0.02 15.6 = = = = = = = = =
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flat are distinct from those on the slope with respect
to both species composition and community para-
meters. Results from CDA illustrated that patterns
of species composition of fish on the reef flat were
similar over four localities. In the ANOVA, locality
variation was detected only for total abundance and
species richness, but this factor contributed less
variation than habitat and month.

In general, the assemblages of fish on the reef flat
have relatively few individuals and numbers of species,
in agreement with several other studies.>*** Low
species diversity and evenness indices suggest that
fish assemblages on the reef flat are dominated by
afew species. This is shown by data on species com-
position where only P cuneatus was very abundant
on the reef flat (80-150 individual/150m?), but was
not detected by CDA because of its wide distribution
over both habitats. The consistent pattern of fish
assemblages on the reef flat over four localities can
be explained by habitat structure, as all localities have
a sandstone platform with boulders, except North
reef which has some sandy bottom.'® Coral cover is
relatively low and dominated by massive or
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submassive forms especially Porites lutea and Pavona
spp.. This also suggests that wind and wave action
from monsoons have lettle influence on variability
of fish assemblage on reef flats.

On reef slopes, in contrast, fish assemblages have
relatively higher community parameter values than
on reef flats. Overall, locality difference influenced
species richness and abundance, but the effect was
not significant. Species composition, however, was
a more obvious indication of locality difference.
Species composition on reef slope at North and
Northeast reefs was similar, with Halichoeres
purpurescens and Neopomacentrus spp. in the greatest
abundance. Both reefs have the highest wave
influence during the NE monsoon in winter. The
Southeast reef receives waves from the south wind
during summer. The main fishes characterizing reef
slope assemblages were Neoglyphidodon melas and
Hemiglyphidodon plagiometopon. The Southwest reef
receives waves from the influence of SW monsoon
during summer and its reef slope had more Apogon
doederleini, A. cyanosoma and Scolopsis ciliatus than
other reefs.

b)
o 40
n
3 30 ity tr.g
c ?
b 3
= 2 %§§®% %@gé
% 10 E $
_g & Reef flat
12 % Reef slope

%o %5754 %%,
,‘9@»7‘9%&0>09&,&90{9@&,090900/‘9%,‘990{9‘90

d)
D10
0]
<~ 8
+
C
g 6 §§%§§§§§§§§
s - o o
S 4l®eE i %0
3
€ 2 & Reef flat
[0
o 0.0 % Reef slope

A
%o féj'??%f(’(f@oo@/\/yob
2o 707670~ 70" %o, 7679 7o %0 7
os %0 %% 5 %0 %% %% % %

Fig 3. Community parameters: a) Total Abundance, b) Species Richness, ¢) Species diversity, and d) Eveness Index, of fish on coral
reefs at Khangkao Island indicated variation through time and between habitats.
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Temporal variation

There were no dramatic changes in the fish
assemblages during 14 months of this study. It
should be noted that widespread coral reef bleaching
occurred in the Gulf of Thailand during the study
(April —June 1998). At Khangkao Island, bleaching
resulted in the decline of living coral, especially
Acropora spp. and Porites lutea. About 40% of living
coral died after 6 months of the bleaching event
(unpublished data). The impact on coral feeders
was not prominent, as their diversity and abundance
in the study area were already low. There was also
no prominent change on other groups of fish. This
can be explained as the effect was relatively short
and physical structure of habitat did not change
during the study period. InJapan, after two years of
the destruction of coral reefs by Acanthaster planci,
coral feeders disappeared completely from the impact
area due to shortage of food supply.'® Other reef
fishes also decreased in both numbers of species and
abundance due to destruction of habitat.'® The effect
of coral reef bleaching is comparable to that from A.
planci infestation. However, long term monitoring
is needed to clarify the effect of habitat structure on
fish assemblage at Khangkao Island.

The most prominent fluctuation, however, was
in the total abundance of reef slope fishes. Most
studies have revealed that population changes through
time in reef fishes tend to be species specific®, and
some have found this to be less significant than
spatial variability*® In this study, members of two
genera of the family Pomacentridae, Pomacentrus and
Neopomacentrus, contributed the most to change in
total abundance at the reef slope. This result agrees
with the conclusion made from CDA that the
variation of total abundance over time is the result
of relatively few fish species dominating at each site.

In conclusion, small site-attached herbivores and
small water-column feeders dominated the
assemblage structure of fishes on coral reefs at
Khangkao Island. Pomacentrids characterized these
fish assemblages, with the highest number of species
and abundance. This indicates the influence from
terrestrial runoff, which supplies nutrients and
suspended food materials to the reef. Habitat or reef
zonation is the main contributing factor to variability
of fish assemblage structure. Spatial and seasonal
variations are less prominent. The absence or rarity
of piscivores may indicate intense fishing pressure
and also limited recruitment. Community parameters
suggest the fish assemblages to be relatively stable,
although the present structure is different from that
of earlier reports. This indicates a shift in the status
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of fish assemblages present over the past 10 -15 years,
as disturbances have increased. Processes determining
this shift include habitat structure, food supply,
predation, and recruitment. There is little in-
formation on the recruitment of reef fishes in this
area. Study of the role of recruitment in structuring
fish communities in this area is necessary to show
whether or not the larvae supply is limited by its
geographical position.
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