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Synopsis

The distribution and abundance of reef fishes in relation to habitat structure were studied within Bar Reef
Marine Sanctuary (BRMS) and on an adjacent reef, disturbed by destructive fishing techniques, in north-
western Sri Lanka, by visually censusing 135 species groups using fifty metre belt-transects. Two types of
continental shelf patch-reefs are found in the study area: coral reefs and sandstone reefs, which are divided
into distinct habitats, four for the coral reef (shallow reef flat, shallow patch reef, deep reef flat and Porites
domes) and two for the sandstone reef (structured sandstone-reef and flat sandstone-reef). Fish assemblages
varied in structure between reef types and among habitats within reef types. Functional aspects of habitat
structure and composition, such as available food and shelter, seemed to be important factors influencing
distribution patterns. The strongest separation in the organisation of fish assemblages in BRMS was between
reef types: 19% of all species were confined to the coral-reef patches while 22% were restricted to the sand-
stone reef patches and 59% were represented on both reef types. In terms of distribution among habitats, 21%
of all species were restricted to one habitat while only 1.5% were present in all. The highest density of fish was
in the coral reef habitats while highest species diversity was found in the most structurally complex habitat: the
structured sandstone-reef. This habitat also had the highest proportion of species with restricted distribution.
Planktivores were the most abundant trophic group in BRMS, and the species composition of the group varied
among habitats. The comparison of the disturbed reef with BRMS suggested that habitat alteration caused by
destructive fishing methods has strongly influenced the fish community. Within the fished area the structure of
the fish assemblages was more heterogeneous, fish abundance was lower by an order of magnitude and species
numbers were lower than in BRMS.

Introduction

There is, at present, a bias for certain biogeograph-
ical regions, reef types and habitats in studies on
tropical reef-fish ecology. Most research has been
carried out on the Great Barrier Reef and in the Ca-
ribbean (Sale 1991). Commonly studied reef types

are fringing coral reefs and barrier reefs including
lagoonal patch reefs (Williams 1991). There are rea-
sons to believe that this inclination towards these
regions and habitat types has caused researchers to
over-emphasise the importance of certain ecolog-
ical processes in reef-fish population dynamics, e.g.
little is known on the ecology and structure of reef-
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Figure 1. Map of Sri Lanka with study area indicated.

fish communities in the Indian Ocean and parts of
the Pacific. Tropical reef types that have received
less attention are atoll reefs, continental shelf
patch-reefs, platform reefs, rocky reefs and sand-
stone reefs.

The first step in studying reef fish ecology in a
new area should be to describe patterns in their dis-
tribution and abundance. This has been carried out
on a number of reefs (Hiatt & Strasburg 1960, Gos-
line 1965, Chave & Eckert 1974, Goldman & Talbot
1976, Clarke 1977, Harmelin-Vivien 1977, Gladfel-
ter & Gladfelter 1978, Bouchon-Navaro 1980, Bou-
chon-Navaro & Harmelin-Vivien 1981, Russ 1984b,

Russ 1989). In some of these studies it has been
found that species and functional groups can have
uneven distribution among habitats, with some spe-
cies closely associated with certain habitats and
others with widespread distribution. These patterns
may be determined by varied needs in food and
shelter requirements characterising different as-
semblages (Williams 1991). Such needs could ex-
plain correlations found in some studies between
fish population numbers and specific features of the
reef habitat such as structural complexity and the
proportion of live coral cover (Risk 1972, Clarke
1977, Luckhurst & Luckhurst 1978, Carpenter et al.
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Table 1. Number of censuses (transects) for each habitat and year.

Habitat 1993 1994 Σ

Disturbed Shallow Reef (DSR) 12 8 20
Shallow Reef Flat (SRF) 7 4 11
Shallow Patch Reef (SPR) 6 5 11
Deep Reef Flat (DRF) 0 6 6
Porites Dome Reef (POD) 3 8 11
Structured Sandstone Reef (SSR) 5 13 18
Flat Sandstone Reef (FSR) 0 6 6
Σ 33 50 83

1981, Bell & Galzin 1984, Bouchon-Navaro & Bou-
chon 1989, Grigg 1994). If fish assemblages are af-
fected by variation in habitat structure, physical dis-
turbance on the reef would then be expected to al-
ter fish numbers. Such impact may be the result of
human activities like the use of destructive fishing
techniques (McManus 1988, Samoilys 1988, Russ &
Alcala 1989, Russ 1991, Öhman et al. 1993).

The reefs of Sri Lanka, the area of interest in this
study, have been little studied. There are no earlier
quantitative descriptions of the reef fish assemblag-
es from the reefs of this region. Dominant reef types
in this region are continental shelf patch-reefs. The
first aim of this study was to describe patterns in the
distribution and abundance of fish populations in
relation to habitat structure in a reef area of north-
western Sri Lanka. The second aim was to investi-
gate how destructive fishing techniques used in
these areas may influence the local reef-fish assem-
blages.

Methods

Study sites

This study was carried out in Bar Reef Marine Sanc-
tuary (BRMS) and on Kandakuliya Reef off the
Kalpitiya peninsula in the southern Gulf of Manner
region, north-western Sri Lanka (Figure 1). BRMS
covers an area of 306.7 km2 with the closest coral
patches ca. 2 km west off the north point of Kal-
pitiya peninsula. Although, the increased human
population in the region have posed a threat to Bar
Reef (Öhman et al. 1993) it is considered an undis-

turbed reef (Rajasuriya et al. 1995) which has, due
to its remoteness been protected over the years.
However, Acanthaster planci have had an impact in
some section of the reef area (Rajasuriya et al.
1995). Bar Reef was declared a marine sanctuary in
1992. Kandakuliya Reef, which has been heavily
disturbed by the local fishery (see Öhman et al.
1993), is situated south of Bar Reef ca. 2 km off-
shore of the fishing villages Kandakuliya and Kuda-
wa.

Reefs in this study are continental shelf patch-
reefs. The coral patches are separated by sand, rub-
ble and sandstone and vary in size from a few
square-metres to more than a hectare. There are
two types of reefs within the BRMS: shallow coral
reefs and deep sandstone reefs (west of the coral-
reef patches). On the basis of substratum composi-
tion and depth these reefs were a priori divided into
seven habitats. Six habitat forms were investigated
within the BRMS. The shallow coral reef flat (SRF)
contains shallow (average 3 m depth) reef-beds
with patches larger than a hectare. Branching
Acropora is by far the most dominant genus al-
though significant stands of Echinopora and Mon-
tipora are also present. The shallow patch reef
(SPR) is found on average 1–2 m deeper than SRF
and consist of smaller coral patches interrupted
with larger proportions of sand. The deep reef flat
habitat (DRF) is, as the former two, dominated by
branching Acropora corals, although, tabular
Acropora is also common. This habitat type is sit-
uated deeper (depth ca. 8 m) with patches that are
more continuous and cover larger areas than both
the SRF and SPR. The fourth coral reef habitat, the
Porites dome habitat (POD), occurs at ca. 10 m
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Table 2. The 135 species and species groups, in 19 families, which were counted within transects. Based on published material and field
observations they were divided into eight broad trophic categories determined by their preferred feeding habits including: piscivores (F;
incl. F/I), invertebrate and fish feeders (I/F), invertebrate feeders (I; incl. I/P), corallivoris (C; incl. C/I, C/O), planktovires (P; incl. P/O,
P/H), detritivores (D; incl. D/H), herbivores (H; incl. H/D, H/O, H/C, H/I), and omnivores (O; incl. O/I). Families in alphabetic order.

Acanthuridae Forcipiger longirostris I S. xenochrous I
Acanthurus bariene H Hemitaurichthys zoster P Pomacanthidae
A. blochii H Heniochus acuminatus O Apolemichthys xanthurus I
A. dussumieri H/D H. monoceros O Centropyge multispinis H/D
A. leucosternon H H. pleurotaenia O Pomacanthus annularis I
A. lineatus H H. singularis O P. imperator I
A. mata P Ephippidae P. semicirculatus I
A. tristis H Platax spp. I/P Pomacentridae
A. triostegus H Haemulidae Abudefduf vaigiensis P/O
A. xanthopterus D/H Plectorhinchus sp. 1 I Amphiprion spp. P
Ctenochaetus binotatus D P. sp. 2 I Chromis viridis P
C. striatus D P. obscurum I Dascyllus aruanus P/O
C. strigosus D P. vittatus I D. trimaculatus P/O
Naso annulatus P P. schotaf I Plectroglyphidodon dickii H/O
N. brevirostris P/H Kyphosidae P. lacrymatus H/O
N. hexacanthus P Kyphosus spp. H/O Pomacentrus chrysurus H/O
N. lituratus H Labridae P. similis O
N. unicornis H Anampses lineatus I Stegastes spp. H/O
N. vlamingii P Bodianus spp. I Scaridae
Zebrasoma scopas H Cheilinus spp. I/F Chlorurus sp. H/C
Z. desjardinii H C. undulatus I/F Cetoscarus bicolor H
Balistidae Coris spp. I Scarus atrilunula H
Balistapus undulatus O Epibulus insidiator I/F S. frenatus H
Balistidae spp. O/I Gomphosus caeruleus I S. niger H
Balistoides conspicillum O Halichoeres centriquadrus I S. scaber H
B. viridescens O H. marginatus I S. sordidus H
Odonus niger P H. leucoxanthus I Serranidae
Caesionidae Hemigymnus fasciatus I Aethaloperca rogaa F/I
Caesio caerulaurea P H. melapterus I Cephalopholis argus F/I
C. cuning P Labrichthys unilineatus C C. miniata F/I
Pterocaesio marri P Labroides dimidiatus I C. sonnerati F/I
P. tile P Thalassoma hardwicke I Epinephelus caeruleopunct. F/I
Carangidae T. janseni I E. fasciatus F/I
Caranx spp. F/I T. lunare I E. fuscoguttatus F/I
Chaetodontidae Lethrinidae E. hexagonatus F/I
Chaetodon auriga I Lethrinus harak I E. longispinis F/I
C. collare C/I L. nebulosus I/F E. merra F/I
C. decussatus O L. sp. I/F E. tukula F/I
C. falcula O Monotaxis grandoculis I/F E. undulosus F/I
C. gardineri O Lutjanidae Pseudanthias spp. P
C. guttatissimus O Lutjanus bohar F/I Plectropomus laevis F/I
C. kleinii O L. decussatus I/F P. maculatus F/I
C. lineolatus C/O L. fulviflamma I/F Variola louti F/I
C. lunula O L. gibbus I/F Siganidae
C. melannotus C L. quinquelineatus I/F Siganus sp. H
C. octofasciatus C L. spp. I/F S. stellatus H
C. plebeius C Macolor niger P S. javus H
C. rafflesi C/I Muraenidae S. lineatus H/I
C. triangulum C Gymnothorax spp. F/I Sphyraenidae
C. trifascialis C Nemipteridae Sphyraena spp. F
C. trifasciatus C Scolopsis bimaculatus I
C. unimaculatus C S. vosmeri I
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Figure 2. Multidimensional scaling ordination of Bray-Curtis
similarity matrix of √√ transformed abundance data (number of
individuals for all species per transect). Different symbols repre-
sent different habitats indicated in the figure: DSR = Disturbed
Shallow Reef, SRF = Shallow Reef Flat, SPR = Shallow Patch
Reef, DRF = Deep Reef Flat, POD = Porites Dome, SSR = Struc-
tured Sandstone Reef, FSR = Flat Sandstone Reef.

depth and is made up of large Porites domes sur-
rounded by sand and Acropora stands.

Two habitats were distinguished for the sand-
stone reef: the structured sandstone reef (SSR) and
the flat sandstone reef (FSR). The SSR patches
consist of rocky sandstone substrate at around 19 m
depth which rise off the substratum causing a struc-
tured reef with a significant topographic relief.
Patches are characterised by rocks and small hills as
well as fragmented plateau-like structures with
holes and crevices. The relief from the crest to the
trough varies between a few dm to several metres.
There are large areas west of the Kalpitiya Penin-
sula that could be characterised as having a flat
sandstone substratum. However, the habitat typi-
fied a priori as the FSR for this study uniquely con-
tained circular patches with depressions and holes.
This habitat, which is situated at around 22 m
depth, has a low coral cover and lacks prominent
structures.

The disturbed shallow reef (DSR) within the
Kandakuliya Reef area is made up of shallow reef
patches covered by coral rubble at the same depth
range as SRF and SPR. This area has been heavily
affected by intensive fishing where destructive fish-
ing techniques (bottom-set nylon-nets; see Öhman
et al. 1993) and anchor damage caused habitat de-
formation. There are also unconfirmed reports of
dynamite fishing. Earlier this area resembled the
shallow reef flat and the shallow patch reef of the
sanctuary with high proportions of live branching
Acropora (Rajasuriya & DeSilva 1988).

Field methods

This study was carried out during February and
March in 1993 and 1994 as part of a larger project
studying the ecology of the reefs in north-western
Sri Lanka (NARA-Sida SAREC Marine Science
Programme; see Rajasuriya et al. 1995). A total of
83 transects were censused within the Bar and Kan-
dakuliya reef areas. Thirty-three transects were
censused in 1993 followed by 50 in 1994 (Table 1).
Each transect (50 m long) was taken by randomly
laying a stretched fibre-glass measuring tape within
a given habitat.

Fish counts were carried out during mid-day us-
ing the belt transect method (Fowler 1987, McCor-
mick & Choat 1987, English et al. 1994). To min-
imise divers impact each fish census commenced 5
to 10 minutes after the tape had been laid out. The
fish were recorded by swimming along the transect
within a 50 x 10 m corridor (500 m2).

Most fish were identified to species level, al-
though some of the less common or taxonomically
difficult were only identified to a higher taxonomic
level. To verify species identification specimen
were collected and investigated by the Swedish Mu-
seum of Natural History (NRM). Cryptic species
and those regarded as rare were excluded from the
study. Altogether, 135 species groups belonging to
19 families were included in the survey (Table 2).
The abundance of common species that occurred in
high numbers was estimated within nine abundance
categories (Williams 1982, Russ 1984 a, b) in a log3

scale (1, 2–3, 4–9, 10–27, 28–81, 82–243, etc.). Com-
mon species included Pseudanthias spp., Odonus
niger, Labrichthys unilineatus, and Sphyraena spp.
as well as all species belonging to the families Acan-
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Figure 3. Mean and standard error of total fish abundance, spe-
cies numbers, and Shannon-Weiner diversity index in the 7 reef
habitats.

thuridae, Caesionidae and Pomacentridae. Species
were classified into feeding categories based on
published material (Allen 1985, 1991, Russ 1984 a,
1989, Myers 1989, Randall et al. 1990) and field ob-
servations. The effects of fishing activities in the

area was investigated by comparing fish numbers in
the disturbed Kandakuliya Reef with the BRMS.
The original design was to compare with more repli-
cate reef-areas in the region, unfortunately this was
hindered by civil unrest in the area. Prior to the ex-
tensive use of damaging fishing methods in the end
of the 1980s the shallows of Kandakuliya Reef had a
similar structure to the SRF and SPR on Bar Reef
(Rajasuriya & DeSilva 1988). Since such habitat
characteristics found on Bar Reef were no longer
distinguishable for Kandakuliya Reef the shallow
part was treated as one unit (DSR) and compared
with the shallow habitats of Bar Reef (SRF, SPR).
All fish censusing was done by the same person
(M.C.Ö.).

Statistical analyses

Differences in density estimates among reef hab-
itats were investigated by means of Kruskal-Wallis
rank tests and Mann-Whitney U tests (Sokal &
Rohlf 1995). Species diversity was assessed by using
the Shannon-Wiener information function (H′) us-
ing log2 (Shannon & Weaver 1949). Fish species
abundance data (i.e. number of individuals or mid-
point of abundance categories) were double
square-root transformed and subjected to multidi-
mensional scaling ordination (MDS) using Bray-
Curtis similarity index. The ANOSIM randomisa-
tion test (Analysis of Similarities) was used to test
for differences in fish assemblage structure (War-
wick et al. 1990 a, b, Clarke 1993).

Results

Multivariate analysis

The multivariate analysis demonstrates clearly that
the structure of reef fish assemblages varied among
habitats (Figure 2). The MDS shows that transects
taken within the pre-defined habitats aggregate,
with significant differences between all pairs of
habitats (ANOSIM, p < 0.05). Tighter clusters in-
dicate more similarities between transects. Hence,
the fish assemblages within the Acropora dominat-
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Figure 4. Mean and standard error of abundance (number of fish per transect) for different families within different habitats. The figure
for Serranidae excludes Pseudanthias spp.
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ed habitats (SRF, SPR, DRF) were less variable
than in other habitats (Figure 2). The DRF and the
SSR appeared to have a more variable fish fauna.
Furthermore, the aggregates were nested in 3 larger
groups: (1) SRF + SPR + DRF + POD; (2) DSR; and
(3) SSR + FSR. The first group includes all the coral
dominated habitats, the second group represents
the disturbed reef and the third aggregate includes
the two habitats within the sandstone reef.

Univariate analysis

The univariate data analysis showed significant var-
iation in fish numbers among habitats (Kruskal-
Wallis, p < 0.05). Highest fish densities were found
within the coral dominated habitats (SRF, SPR,
DRF, POD: Figure 3). Lowest abundance was
found in the DSR with an average of less than 400
adult fish per transect which is an order of magni-
tude lower than corresponding non-fished habitats
(SRF & SPR). Also, the SSR had in comparison a
low abundance of fish but, as fish individuals were
generally larger than in other habitats biomass was
still high. The Shannon-Wiener diversity index
showed different trends from the abundance mea-
sures (Figure 3). The structurally complex SSR had
the highest diversity. The DSR had a similar diversi-
ty index as the SRF on Bar Reef. Species richness
(Figure 3) also varied among habitats with least
number of species found in areas of low habitat
complexity i.e. the FSR and the DSR.

Species distribution among habitats

Habitat partitioning among the fish assemblages in
BRMS was further apparent in the distribution pat-
terns of different species. Some species (21%)
seemed to be more specialised, being associated
with only one habitat type, while others could be
characterised as generalists showing an ubiquitous
distribution. Seventeen percent of the species were
present in 5 habitat types and only two species, La-
broides dimidiatus and Thalassoma lunare, were
found in all habitats. Most of the species with a re-
stricted distribution (61%) were only present in the

SSR. The FSR-patches had a sparse fish fauna with
only 26% of the species present. The ten most abun-
dant species in each of the habitats are listed in Ta-
ble 3. There was an apparent separation between
the two reef types. Nineteen percent of all species
investigated were confined to the coral-reef patches
while 22% were restricted to the sandstone-reef
patches (the remainder being represented on both
reef types).

Families showed differences in density and spe-
cies composition among habitats (Figure 4). Chae-
todontidae were most abundant on the SRF, which
had the highest live coral cover, and least abundant
in the DSR and on the deeper FSR. The pomacan-
thids were found in higher numbers in the deeper
habitats. Some species of this family were unevenly
distributed being generally confined to one or two
habitats. This included Centropyge multispinis
which showed a preference for POD and SSR and
Apolemichthys xanthurus which was generally re-
stricted to the two sandstone habitats. Others such
as Pomacanthus imperator and P. semicirculatus
were more evenly distributed occurring in five dif-
ferent habitats.

Depth variation and the presence of branching
coral seemed to be important factors influencing
Pomacentridae. Highest abundances of the family
was found in Acropora dominated areas (SRF,
SPR, DRF) and the dominant species in these hab-
itats was Chromis viridis (Table 3). Other common
species were Dascyllus aruanus, Stegastes spp., and
Pomacentrus chrysurus. Pomacentrus similis was
found in high numbers in the disturbed area. Al-
though different species of pomacentrids showed
different habitat type preferences most species
were present in most of them (4 or more). However,
some were restricted in their distribution such as
Amphiprion spp. which were only present in the
sandstone areas, the only area with noticeable pres-
ence of sea anemones. Labrids were most numer-
ous in the SRF and least abundant in the DSR.
Some species were restricted in their distribution,
such as Anampses lineatus and Halichoeres leucox-
anthus, which were confined to the sandstone areas
and Thalassoma janseni which rarely occurred out-
side the shallows. Four of the seven scarids investi-
gated were present in at least four zones. The family
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was most common at intermediate depths (DRF,
POD). The most abundant scarid was Scarus sordi-
dus being among the ten most abundant species in
the coral reef habitats (Table 3).

Acanthuridae showed interesting distribution
patterns with highest numbers in two very different
habitats: the SRF and the SSR. However, the spe-
cies composition between them was different. Some
acanthurids were most abundant in the shallows
(SRF, SPR) including Acanthurus lineatus, A. trios-
tegus and A. blochii while others were mainly con-
fined to the deeper sandstone reefs such as A. ba-
riene, A. dussumieri, A. mata, A. tristis and some
Nasinae. Siganidae were mostly represented on
shallow reefs with between 20–30 individuals per
transect.

Serranidae occurred in highest numbers on the
FSR with the planktivorous Pseudanthias spp. oc-
curring at around 1000 individuals per transect (Ta-
ble 3). This group occurred in large schools above
the circular depressions characterising this habitat.
Larger carnivorous serranids were most abundant
on SSR and least numerous in the shallows (Figure
4). Species which were relatively widespread (pre-
sent in 4 or more habitats) included Aethaloperca
rogaa, Cephalopholis argus, Epinephelus fuscogut-
tatus, E. merra and Plectropomus laevis. Those ser-
ranids only noted in the sandstone habitats were
Plectropomus maculatus, Variola louti, Epinephelus
longispinis, E. hexagonatus, E. undulosus and Pseu-
danthias spp.

Carangids were most common at intermediate
depths (DRF, POD) or deeper above the structured
sandstone patches. Lutjanidae were most common
in the SSR dominated by Lutjanus quinquelineatus
and L. fulviflamma. Although predominant in the
shallows, Lutjanus decussatus and Lutjanus spp.
were present in all habitats except the FSR. One lut-
janid, Macolor niger, was mainly found in the Po-
rites area. Caesionidae was by far most abundant in
the Porites dome habitat (Table 3) than anywhere
else (ca. 2400 individuals per transect). Haemulidae
were also common in the Porites dominated areas as
well as on the SSR. However, Plectorhinchus vitta-
tus was more common on the coral reef. Lethrinidae
occurred in low numbers in all habitats. One nemip-
terid, Scolopsis bimaculatus, was present in most

habitats while Scolopsis xenochrous was confined
to the sandstone areas. Barracuda (Sphyraenidae),
was only seen in the deeper Acropora areas (DRF)
where they occurred in large schools. Muraenids
were only noted in the characteristic depressions
within the FSR (ca. 11 individuals per transect). Bal-
istidae were very common in deeper areas (Table
3).

Trophic groups

Fish belonging to different trophic groups distrib-
uted unevenly among habitats. Coral feeders dom-
inated in high live-coral cover habitats (Table 4).
Common coral feeders were species belonging to
Chaetodontidae as well as the labrid Labrichthys
unilineatus. Herbivores were most abundant on the
shallow reef flat. They were a diverse group com-
prising, together with invertebrate feeders, most
species in all habitats. Invertebrate feeders were
abundant on the SRF, SPR, SSR and FSR. Plank-
tivores were the most dominant trophic group mak-
ing up for 72–96% of all individuals in the different
habitats of Bar Reef. However, the composition of
the group varied among habitats: Pomacentridae
dominated the Acropora habitats, while Caesioni-
dae were the most abundant family in the Porites
habitat. On the sandstone reefs the planktivorous
Odonus niger was the most numerous species. De-
tritivores such as Ctenochaetus striatus, were most
abundant on the SRF. Piscivores were most abun-
dant in the deep Acropora area. However, if barra-
cuda was excluded, the highest numbers of pisci-
vores were present on the sandstone reefs. The in-
vertebrate-and-fish-feeders were most abundant
on the SSR due to large numbers of lutjanids. On
the DSR omnivores were most dominant (46%)
followed by the planktivores (28%) and herbivores
(20%).

Discussion

Fish distribution patterns

Fish assemblages on coral reefs commonly show zo-
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nation patterns, with the number of zones/habitats
varying between different reefs. For example five
zones are common for the mid-shelf or outer shelf
reefs of the Great Barrier Reef (Goldman & Talbot
1976, Russ 1984a, 1984b, Williams 1991) while four
zones are evident for the fringing reefs of Moorea,
French Polynesia, and Gulf of Aqaba, Red Sea
(Bouchon-Navaro & Harmelin-Vivien 1981, Galzin
& Legendre 1987). Harmelin-Vivien (1989) com-
pared reefs at Tulear in the Indian Ocean with reefs
at Moorea in the Pacific. She noted stronger sep-
aration in fish-assemblage structure among zones in
the reef area with higher species richness (Tulear)
than the reef area with fewer species (Moorea). It
has been suggested that a comparison between Ca-
ribbean reefs and reefs in the Indo-Pacific would
show similar patterns, with more distinct zonation
among fish assemblages on Indo-Pacific reefs which
generally have higher species richness (Williams
1991). If species richness increases among-habitat
variation, distinct habitat partitioning of the reef-
fish assemblages in Sri Lanka could be expected.
The total number of reef-fish species in Sri Lanka is
yet to be determined. On a global scale Harmelin-
Vivien (1989) calculated a strong positive correla-
tion between coral and fish species richness (y =
− 13.63 + 3.92 ×, r = 0.97, p < 0.01). If such correla-
tion is applicable for Sri Lankan reefs, where 183
coral species (68 genera) have been recorded (Ra-
jasuriya et al. 1995), the total number of reef-fish
species would be around 700. This would be consid-
ered a rich fish fauna taking into account the exten-
sion of Sri Lanka’s reefs. Hence, reef fish assem-
blages of Sri Lanka would be expected to be clearly
separated in composition among habitats.

In this study the multivariate analysis of the fish
abundance data showed that the fish community in
BRMS was divided into six distinct assemblages:
two with a distribution limited to the sandstone reef
and four confined to the coral reef. A high number
of species with a restricted distribution (21% in one
habitat) and a low number with a ubiquitous distri-
bution (1.5% in all habitats) verify habitat partition-
ing even further. Similar patterns may be seen on
other reefs. For example, at Moorea Galzin & Leg-
endre (1987) and Galzin (1987) calculated that 45%
of the species were confined to one habitat and

5.4% were ubiquitous. Goldman & Talbot (1976)
found that 48% of the species were restricted and
6.6% widespread among five habitats on reefs at
One Tree Island in the Great Barrier Reef. These
workers included all species found in their study. If
rare species of low abundance are included chances
are that they will only be present in one habitat
which would increase the proportion of restricted
species.

The strongest separation overall in the fishes of
this study was between the different reef types: the
coral-reef patches and the sandstone-reef patches
(and the disturbed Kandakuliya Reef). The division
between sandstone reefs and coral reefs may be
analogous to how fish assemblages associated with
reef slopes separate from other zones on other
reefs. Goldman & Talbot (1976) and Galzin & Leg-
endre (1987) detected that around 15% of the fish
fauna were restricted to the reef slope which could
be compared to the 22% confined to the sandstone
reef in this study. Reef slopes have been character-
ised as having a higher proportion of larger fish
(Goldman & Talbot 1976, Russ 1989, Harmelin-Vi-
vien 1989, Williams 1991) which is in accordance
with our findings in the sandstone reef habitat
which had high numbers of large fish.

As different taxa or trophic groups have different
ecological preferences in terms of food and shelter,
habitat partitioning among fish assemblages within
a reef may occur. There are a number of ecological
processes that may determine these among-habitat
patterns including habitat selection at settlement
(personal observation, Sale et al. 1984, Eckert 1985,
Levin 1991, Wellington 1992, Booth 1992, Booth &
Beretta 1994, Carr 1994), migration (Robertson
1988, Lirman 1994), competition (Ebersole 1985,
Robertson & Gaines 1986), and predation (Hixon
1991, Caley 1993, Hixon & Beets 1993). Functional
aspects of reef-fish communities are commonly cor-
related with shelter and food (Williams 1991). In this
study the reef flat, with the largest proportion of live
coral, had most corallivores, while they were practi-
cally absent on the sandstone reefs; a pattern seen in
other studies where corallivorous chaetodontids
have been correlated with live coral cover (Bou-
chon-Navaro et al. 1985, Bell et al. 1985, Bouchon-
Navaro & Bouchon 1989). Herbivores, may also
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distribute according to food availability (e. g. Russ
1984a, Carpenter 1990, Robertson 1991; but see Wil-
liams 1986, Hart et al. 1996). In this study they were
most abundant in the coral reef habitat. Although
the live coral cover was high, especially on the reef
flat, turf algae were present growing within and be-
tween the branching structure of the Acropora col-
onies.

The coral reef habitats had a more abundant fish
community than the sandstone reefs. This was due
to the high numbers of planktivores. Planktivores
are commonly most abundant along the reef edge
(reef crest) near deeper water (Hobson 1991), a pat-
tern which has been explained by increased densi-
ties of plankton as the reef edge may act as a hydro-
logical front for up-currents. In this study the in-
crease in depth was gradual, hence plankton density
may be less variable over the continental shelf. This
could explain why planktivores differed little in
numbers among most habitats in this study. How-
ever, the species composition of plankton feeders
varied among habitats within the coral reef area; in
particular between Porites and Acropora habitats.
This pattern may have been influenced by a combi-
nation of habitat structure and depth. Branching
Acropora offer protection for more site-attached
deep-bodied planktivores such as the dominant
Chromis viridis and Dascyllus aruanus (Sale 1972,
Sweatman 1985, 1988). However, the schooling cae-
sionids which dominated the Porites dome habitat
are less dependent on such structures for protec-
tion. The zoo-planktivore Odonus niger dominated
the sandstone areas. This species is commonly asso-
ciated with outer reef-slopes on other reef types
(Randall et al. 1990). In this study it fed high up in
the water column but depended on the sandstone
reef habitat for protection using holes in the sub-
stratum.

Influences of fishing practises

Increased mortality and low fish densities is an ex-
pected consequence of fishing practises (Russ
1991). Reef fisheries have been found to negatively
influence larger predatory species because they are
usually directly targeted (Munro 1983, Russ 1985,

Samoilys 1988, Russ & Alcala 1989, Watson & Or-
mond 1994). The results of this study did not show
such patterns probably because the disturbed
patches were situated in the shallow reef with nat-
urally low numbers of large predatory fish species.

Indirect effects of fishing on the fish community
through habitat destruction caused by destructive
fishing techniques, has also been reported in a num-
ber of studies (see Russ 1991). Bottom-set nets has
been used intensively on Kandakuliya Reef. These
three layer nylon nets are laid over the corals and as
they are removed corals are broken which decreas-
es live coral cover and habitat complexity (Öhman
et al. 1993, Rajasuriya et al. 1995). Our findings sug-
gest that the difference in the fish assemblage struc-
ture between the disturbed reef and the sanctuary is
to a large extent the result of habitat alteration.
Fishing practises in the shallows of Kandakuliya
Reef has ceased since 1991 and fishermen are now
mainly targeting pelagic species offshore. Hence,
the fish community is not influenced directly by fish
removal. Different aspects of the fish assemblages,
which separated the disturbed reef from the sanctu-
ary, seemed to be related to habitat destruction in
terms of lack of food and shelter. For example,
planktivorous pomacentrids which dominated the
shallow non-disturbed area (Chromis viridis and
Dascyllus aruanus) were completely absent on
Kandakuliya Reef. With the destruction of branch-
ing corals the number of refuges available to these
species declined and they may have become more
vulnerable to predation. Furthermore, coral de-
struction appeared to have negatively influenced
corallivores. Russ & Alcala (1989) studied effects of
fishing pressure on fish assemblages in the Philip-
pines and also noted a decrease of coralivores (as
well as pomacentrids) which they attributed to hab-
itat modification. Sano et al. (1984, 1987) observed
that coral feeders disappeared completely on dead
and rubble reefs. Coral-feeding chaetodontids may
be less abundant on disturbed reefs with low live
coral cover than on reefs with high coral cover
(Hourigan et al. 1988). For this reason it has been
suggested that their relative abundance is a mea-
sure of the degree of disturbance on coral reefs
(Reese 1981, Hourigan et al. 1988). However, the
value of chaetodontids as indicator species has been
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criticised as some studies have not seen such corre-
lations (e.g. Roberts & Ormond 1987, Roberts et al.
1988). Possibly the usefulness of this family as a
measure of disturbance vary in different regions
and on different types of reefs. In this study butter-
flyfishes had low abundance in areas of low coral
cover. In particular the disturbed area showed low
numbers (and the non-disturbed SRF showed high
numbers). Hence, chaetodontids may be a useful in-
dicator of disturbance on coral reefs in Sri Lanka.

The lower abundance of invertebrate feeders on
the disturbed reef may also be attributed to lack of
food: Kohn & Leviten (1976) observed that reefs
with low habitat complexity supported less benthic
invertebrates. A large number of invertebrates are
commonly present among the branches of Acrop-
ora spp (Patton 1994). Omnivores were most abun-
dant overall on the disturbed reef with Pomacentrus
similis dominating. This group may be in a better
position in a disturbed environment due to their
high feeding adaptability compared to other more
specialised species. The higher numbers of Poma-
centrus similis on Kandakuliya Reef, as compared
with the sanctuary, may further be an effect of de-
structive fishing; the preferred habitat for this spe-
cies, as with the closely related P. coelestis (Myers
1989), is coral rubble. Hence, these species could
function as indicators of human disturbance, al-
though coral destruction is also caused by natural
processes such as storms and predation. Algal graz-
ers were less abundant on Kandakuliya Reef than
on other reef habitats despite of a high algal cover
(Rajasuriya et al. unpublished data). The explana-
tion for this may be that herbivores feed mainly on
turfs of filamentous algae (Williams & Hatcher
1983) and not on macroalgae (e.g. Halimeda and
Padina) which were common in the disturbed reef.
Also, an increase of turf algae, as a result of disturb-
ance, does not necessarily mean that the number of
herbivores will increase shortly after the impact
(Williams 1986, Hart et al. unpublished).

The multivariate analysis indicated that the dis-
turbed area had a more heterogeneous fish assem-
blage than the shallow undisturbed habitats. War-
wick & Clarke (1993) have noted, in a number of
studies on effects of environmental impact on ma-
rine fauna, that there is an increased variability

among samples within disturbed sites compared to
control sites. Shepherd et al. (1992) observed the
same effects in a study on the influence of coral
mining on reef fish assemblages in the Maldives.

The conclusions drawn from comparing Bar Reef
Marine Sanctuary and Kandakuliya Reef, in re-
gards to the effects of fishing activities, should be
taken with caution. Investigating the effects of envi-
ronmental impact by comparing disturbed and un-
disturbed areas is based on the assumption that they
only differ in the degree of disturbance. This is diffi-
cult to control for without pre-disturbance quanti-
tative data on the fish community which is lacking in
this study. However, with this in mind results do
suggest that fishing practises carried out on Kanda-
kuliya Reef has profoundly altered the fish assem-
blage structure.
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