
MARINE ECOLOGY PROGRESS SERIES 
Mar Ecol Prog Ser 1 Published March 28 

Spatial, temporal and ontogenetic patterns of 
habitat use by coral reef fishes (Family Labridae) 

Alison L. Green* 

Marine Biology Department, James Cook University of North Queensland, Townsville, Queensland 4812, Australia 

ABSTRACT: The continuous reef tract on the semi-exposed side of Lizard Island, northern Great Bar- 
rier Reef, can be divided into 6 habitat zones, which are distinctly different in terms of their physical 
(depth, slope and wave exposure) and biological characteristics (percentage of living cover, percentage 
cover of each substratum type, substratum diversity and complexity). Sixty-four labrid species were 
found to use these habitat zones In 5 surveys conducted over 3 yr. Thirty-eight species (1804 individu- 
als) were recorded in a single survey (area, 13500 m2), of which 8 were abundant (n > 5% of total num- 
ber of individuals), 6 were common (1 % < n < 5 % of total) and 24 were rare (n < 1 % of total) Seven of 
the abundant species showed strong patterns of habitat use, such that the assemblages of these species 
differed significantly among habitat zones (p < 0.0001). Only 1 abundant species, Labroides dimidiatus, 
occurred in sinular densities in all habitat zones. Depth appeared to be of overriding importance in 
determining habitat use, with most species occurring either in shallow or deep zones. Within depth 
ranges, the labrid assemblages differed among habitat zones in terms of the relative abundance of spe- 
cies. In contrast, no clear relationship was detected between labrid density or diversity and other habi- 
tat features such as percentage livlng substratum, substratum diversity or complexity. These patterns 
were consistent at each of 3 sites separated by > l  km and over 3 yr and 2 seasons (summer and winter). 
Only 2 of the 8 abundant species showed different patterns of habitat use by adults and recruits, sug- 
gestlng ontogenetic shifts in habltat use by these species. In contrast, the others showed no evidence of 
ontogenetic shifts in habitat use, ~nfer r~ng  that recruitment patterns may be important in structuring 
patterns of habitat use by these species. Further studies are now required to test this hypothesis. 
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INTRODUCTION 

An important goal of reef fish ecology is to determine 
the processes that are  important in structuring reef fish 
assemblages (see Doherty & Williams 1988, Williams 
1991). The first step toward understanding these 
processes is to obtain precise estimates of the distribu- 
tion and abundance of the assemblages under study, at 
a scale which is relevant in space and time (Jones 
1988, Mapstone & Fowler 1988, Fowler 1990). The 
intention of this study was to describe the patterns of 
habitat use by reef fishes, and to examine the 
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processes that may have been important in producing 
these patterns. 

Previous studies have demonstrated that reef fishes 
show discontinuous distributions at a range of broad 
spatial scales on the Great Barrier Reef (hereafter 
GBR), from among reefs across the continental shelf 
(Williams 1982, Williams & Hatcher 1983) to anlong 
exposures within reefs (Talbot & Goldman 1972, Gold- 
man & Talbot 1976, Eckert 1985). However, little is 
known of the fine-scale patterns of distribution and 
abundance of fishes among habitat zones within expo- 
sures. The primary objective of this study was to 
describe temporal and spatial patterns of distribution 
and abundance of reef fishes among habitat zones. The 
second objective was to determine if patterns of habi- 
tat association at this scale may be related to physical 
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and biological characteristics of the habitats them- design (Underwood 1981, Sale & Sharp 1983, Bell et al. 
selves. 1985, Andrew & Mapstone 1987, Fowler 1987, Lincoln 

Processes which establish observed patterns of dis- Smith 1988, 1989). 
tribution have been reviewed by Williams (1991), who 
suggested that adult distributions reflected recruit- 
ment events. However, the extent to which recruitment MATERIALS AND METHODS 
patterns are modified by ontogenetic shifts in habitat is 
unclear. The third objective of this study was to exam- This study was divided into 3 sections: (1) a detailed 
ine ontogenetic patterns of habitat use by reef fishes, description of each habitat zone, (2) an outline of the 
to determine the degree to which adult abundances pilot study of visual census techniques, and (3) a 
reflect spatial patterns of recruitment. description of the spatial and temporal patterns of dis- 

Wrasses (Family Labridae) were selected for this tribution and abundance of fishes among habitat 
study because they are a conspicuous and important zones. In this last section, I also examined the degree to 
component of the ichthyofauna on coral reefs through- which recruitment patterns appeared important in 
out the world (Thresher 1991). This is especially true structuring patterns of habitat use, by comparing the 
on the GBR, where they are the second most species- distribution and abundance of adults and recruits. 
rich family (Randall et  al. 1990) and one of the 6 most Description of study sites and habitat zones. This 
abundant families by weight (Williams & Hatcher study was done at 3 sites (separated by 0.5 to 1.5 km) 
1983). With one possible exception (Pseudodax moluc- on the fringing reef on the northeastern side of Lizard 
canus; G.P. Jones pers. comm.), labnds are exclusively Island, northern GBR (14" 38' S, 145" 24'E; see Fig. 1). 
carnivores and represent a dominant group of benthic I chose these sites because they were areas of well- 
carnivores on coral reefs (Williams & Hatcher 1983). developed continuous reef tracts where exposure to 
Thcy include both generalist species which feed G:: a the prevailing southeast winds and tidal currents was 
range of invertebrates (e.g. Thalassoma lunare), and 
specialist feeders such as the cleaner fish Labroides 
dirnidiatus and those which feed exclusively on coral 
polyps or mucus (e.g.  Labropsis australis and Labrich- 
thyes unilineatus; see Randall et al. 1990). 

In order to address the objectives of this study, I did 
a detailed survey of the distribution and abundance of 
wrasses in a range of habitats, locations and times 
using visual census techniques. Many types of visual 
census techniques have been proposed for describing 
the distribution and abundance of reef fishes (Brock 
1954, Jones & Thompson 1978, DeMartini & Roberts 
1982, Kimmel1985, Thresher & Gunn 1986), and meth- 
ods used vary with the aims of the project (Bellwood & 
Alcala 1988). I used strip transects in this study, 
because they have been demonstrated to provide good 
quantitative estimates of the distribution and abun- 
dance of many other families of mobile reef fishes, 
which are diurnally active and conspicuous in both 
colouration and behaviour (Choat & Bellwood 1985, 
Fowler 1987, Lincoln Smith 1988, 1989, McCormick 
1989). However, since previous studies have demon- 
strated that the precision of these techniques are 
dependent on the methods used and the nature of the 
study species (Sale & Sharp 1983, Fowler 1987, Bell- 
wood & Alcala 1988, Lincoln Smith 1988, 1989), a pilot 
study was done to determine the methods that were 
appropriate for censusing adult labrids. In this pilot 
study, I tested methods which have been described as 
im.pOrtant of bias in past studies' Fig. 1. Location of study sites at Lizard Island, northern Great 
transect dimensions, observer swimming speed, accu- Barrier Reef, and the posltion of 6 habitat zones on the reef 
racy of underwater size estimation and experimental profile at these sites (see ~nset) 
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Table 1 Phys~cal characteristics (depth and wave exposure) 
of 6 habitat zones at 3 study sites 

Habitat zone Depth (m) Wave exposure 

Inner reef flat 0.0-1.5 Low to high 
Outer reef flat 0.0-1.5 Low to high 
Crest 0.0-3.0 Low to high 
Reef slope 2.0-20.0 Low to moderate 
Reef base 5.0-20.0 Nil to low 
Sand flat 6.0-20.0 Nil to low 

moderate. Reef profile, aspect, exposure and topogra- 
phy of these sites have been described by Choat & 
Bellwood (1985). 

The reef at these sites can be divided into 6 recog- 
nisable habitat zones, which differ in their position on 
the reef profile, depth and degree of wave exposure 
(Fig. 1, Table 1). The inner reef flat is located immedi- 
ately adjacent to the shore of the island, and is littered 
with large granite boulders. The crest is defined as the 
seaward edge of the reef flat where the reef edge 
drops off into deeper water. The outer reef flat is situ- 
ated between the inner reef flat and the crest. The reef 
slope descends a t  a slope of 50 to 90" from the crest to 
the reef base, where it joins the sand flat which 
stretches away toward open water. 

The biological characteristics of these zones, which 
may influence habitat use by labrid fishes, were de- 
scribed in January 1992. To do this I used a modification 
of the point-basedmethod developed by Wiens & Roten- 
berry (1981), which provided an estimate of biological 
substratum characteristics (percentage cover of different 
substrata and substratum diversity) and surface hetero- 
geneity (substratum complexity). Five 50 m transects 
were laid consecutively in each of the 6 habitat zones at 
each site. At fifty 1 m intervals along each transect, a 2 m 
transect was run perpendicular to the tape. Three points 
were sampled along each 2 m transect, which yielded 
150 sample points per 50 m transect. 

At each point, the substratum was recorded as 
belonging to one of 15 categories: non-living (reef 
matrix, sand and rubble), crevice ( > l  m deep), massive 
coral, digitate coral, plate coral, branching coral, 
encrusting coral, soft coral, foliaceous coral, free-living 
coral, gorgonian, hydrozoan, sponge, macroalgae and 
others (zooanthids, ascidians and clams). The height of 
the substratum above the reef platform and the num- 
ber of contacts or 'hits' above the substratum on a ver- 
tical line through the object (Wiens & Rotenberry 1981) 
were also recorded at each point. In combination, 
these measures enabled me to describe the biological 
characteristics of each transect. Percentage cover of 
each substratum category was calculated as the per- 
centage of the points on each transect that were occu- 
pied by each substratum category, and substratum 

diversity (N,) was calculated as the diversity of cover of 
substratum categories, using the formula: 

where pi is the proportional coverage of the ith sub- 
stratum category (Wiens & Rotenberry 1981). Substra- 
tum structural complexity was calculated as the aver- 
age number of contacts per 10 cm above the basal 
substratum. 

The influence of site (n = 3) and habitat zone (n = 6) 
on percentage cover of living substratum, substratum 
diversity and substratum complexity was tested using 
a 2-way fixed factor analysis of variance for each char- 
acteristic. Benthic assemblages were then compared 
graphically among locations (habitat zones at each 
site) using a canonical discriminant analysis on the 
percentage cover of each substratum type. Confidence 
intervals for centroid means were calculated using the 
formula: 

( ~ ~ 2 . 0 . 0 5  G'] 

(Seber 1984), and structure coefficients were used to 
work out angles of contribution for the biplot. 

Pilot study of visual census methods for fish surveys. 
Sixteen combinations of transect dimensions (10, 20.30 
and 50 m lengths and 1, 2, 3 and 5 m widths) were 
tested on the crest at Site A (Fig. 1) in August 1990. Five 
replicate transects of each size were done by counting 
and estimating the total length of each labrid along the 
transect, while simultaneously measuring the length 
(using a 50 m tape) and width (using my known body 
proportions) of the transect. A standardised swimmlng 
speed of 60 S per 10 m2 was used, and all individuals 
<25 mm total length (TL) were excluded from the 
count. All counts were done between 08:00 and 17:OO h 
to ensure spawning times were excluded. 

The precision of labrid density estimations (number 
per 10 m2) for each transect size was calculated using 
the formula: 

precision = standard error/mean (3) 

(Andrew & Mapstone 1987). A 2-way analysis of vari- 
ance was then done to determine if the length or width 
of the transect had a significant effect on the recorded 
density of labrids using transformed data [,'(X + to 
homogenise variances. 

The influence of observer swimming speed on the 
precision of the counts was examined by comparing 
the precision of five 50 X 3 m transects, which I swam at 
each of 3 speeds: 30, 60 and 90 S per 10 m2. I also mea- 
sured the accuracy of visually estimating fish lengths 
underwater by first estimating the size of individuals, 
then capturing them with a small barrier net and mea- 
suring their actual sizes. 

After choosing the survey methods (see 'Results': 
five 50 X 3 m transects per habitat per site; speed = 60 S 
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per 10 m'), I tested the technique in 6 habitat zones at 
3 sites to determine if the desired level of precision of 
the technique was maintained in a variety of situations. 
The number of replicate transects required to maintain 
an acceptable level of precision (0.2; see Andrew & 
Mapstone 1987) of the technique in each zone at each 
site was then cal.culated using the formula: 

number of replicates = 

[standard deviation/(precision X mean)]' (4) 

(see Andrew & Mapstone 1987). 
Spatial, temporal and ontogenetic patterns of habi- 

tat use. Using methods selected in the pilot study (see 
'Pilot study' above), the spatial patterns of distribution 
and abundance of labnds were surveyed in 6 habitat 
zones at 3 sites in January 1992. Transects were the 
same as those used to describe habitat features (see 
'Description of study sites and habitat zones' above). 
Only adults were included in the analysis, which I 
defined as individuals that were more than one-third 
of the maximum TL of each species (as recorded in 
Randall et al. 1990). Most species could be identified 
by sigh: in the field, although one group of closely 
related species (Halichoeres margaritaceus, H. nebu- 
losus and H. miniatus) were difficult to separate, and 
were lumped together as Halichoeres spp. 

Labrid density and diversity were determined for 
each habitat zone at each site. Labrid diversity was cal- 
culated using the same formulae used to calculate sub- 
stratum diversity (see Eq.  1 above). The influence of 
site (n = 3)  and zone (n = 6) on labrid density and diver- 
sity was tested using a 2-way fixed factor analysis of 
variance for each characteristic. Data were trans- 
formed [log(x + l)] for labrid density to homogenise 
variances. The relationship between each of 3 substra- 
tum characteristics (percentage live substratum, sub- 
stratum diversity and substratum complexity) and 
labrid density and diversity was examined using Pear- 
son's correlation coefficients. 

Spatial patterns of habitat use were examined for 
each of the 8 most abundant species (see 'Results'), 
because they were present in sufficient numbers to 
provide powerful estimates of their patterns of distrib- 
ution and abundance. These species were then used to 
compare the labrid assemblages graphically among 
locations (habitat zones at each site) using a canonical 
discriminant analysis (see Eq. 2 above). 

Temporal patterns of habitat use were examined by 
repeating the habitat surveys at 2 sites (Sites A & B; 
Fig. 1)  on 5 occasions over 3 yr, encompassing both 
summer and winter austral seasons (August 1990, Jan- 
uary 1991, July 1991, February 1992 and February 
1993). A correspondence analysis was then used to 
graphically determine if patterns of habitat use by 
abundant species were consistent through time. This 

analysis used chi-squared distances to separate habitat 
zones by species, and was used because of the large 
numbers of zeros in the data set where species did not 
occur in some habitats through time (Greenacre 1984, 
B. McArdle pers. comm.). 

Ontogenetic shifts in habitat use were examined by 
comparing patterns of distribution and abundance of 
adults and recruits of each of the 8 abundant species. I 
did thls by repeating the surveys for both adults and 
recruits in all habitats and sites in February 1992. Nar- 
rower transects (50 X 1 m) were used for the recruits 
because they were smaller and more cryptic than 
adults. Recruits were identified by their appearance 
(size and colouration) and cryptic behaviour. 

RESULTS 

Description of habitat zones 

Biological characteristics differed among habitat 
zones. Percentage cover of living substratum and sub- 
stratum diversity were each significantly different 
among habitat zones but not among sites (Table 2, 
Fig. 2). Both measures varied in a unimodal gradient 
from the inner reef flat to the sand flat, and were low 
on the inner reef flat, reef base and sand flat, and high 
on the outer reef flat, crest and reef slope. Multiple 
comparisons (Tukey's test) revealed that each of these 
charactenstics differed among all zones, except the 

Table 2. Two-way fixed factor analysis of variance testing of 
the influence of site and zone on 3 habitat characteristics: per- 
centage cover of living substratum, substratum diversity and 
substratum complexity. Data were transformed [log(x+ l)] to 

conform with the assumptions of the analysis 

Source df MS F P 

Percentage cover 
Site 2 0.0010 2.52 0.0856 
Habitat zone 5 0.0700 169.58 <0.0001 
Site X Zone 10 0.0007 1.94 0.0525 
Error 72 0.0004 
Total 89 
Diversity 
Site 2 0.0022 1.00 0.3746 
Habitat zone 5 0.4175 193.91 <0.0001 
Site X Zone 10 0.0036 1.67 0.1048 
Error 72 0.0022 
Total 89 

Complexity 
Site 2 0.0182 7.47 0.0013 
Habitat zone 5 0.0301 12.35 <0.0001 
Site X Zone 10 0 0075 3.09 0.0026 
Error 72 0.0024 
Total 89 



Green: Patterns of habitat use by coral reef fishes 5 

100 
percent cover of living substrate 

substrate diversity 
8 ' O  I 

1 substrate complexity 

Fig. 2.  Mean (t SE) percentage cover of living substratum, 
substratum diversity and substratum complexity of each habi- 

tat zone at each site (n = 5) 

inner reef flat and the reef base. In contrast, there was 
a significant interaction among sites and habitats for 
substratum complexity. This was because substratum 
complexity was high at the reef base at Site A, and low 
in this habitat at the other 2 sites. 

The benthic assemblages within habitat zones were 
distinctly different. This was confirmed by the canoni- 
cal discriminant analysis which found that the per- 
centage cover of 13 substratum types differed among 
locations (Pillai's Trace = 3.3461, p < 0.0001). Most of 
the variation among locations appeared to be associ- 
ated with habitat zone, since locations grouped 
together into groups by habitat zones rather than by 
site (Fig. 3). The percentage cover of living substra- 
tum types differed among each of 3 habitat zones: 
crests, outer reef flats and reef slopes (see Fig. 4 also). 
Crests were characterised by a moderate cover of dig- 
itate and branching coral, as well as plate coral at Site 
A only. Outer reef flats were also characterised by a 
low cover of digitate, branching, plate and massive 
coral, except at Site C, where soft coral was also 
important. Reef slopes were characterised by massive 

inner reef flat . . 
outer reef flat 

i crest * reef slope 
reef base 
sand flat ---p, 

-I., 7 
1 - 3  

- , can. var. 1 
-10.0 , 10.0 62.5% 
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digitate coral 
plate coral 
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;7non-living 

.1.0 

sponge 

"""I0"' massive coral foliace us coral 

Fig. 3. Canonical discriminant analysis of substratum types at 
6 hdbitat zones at each of 3 sites. Points are centroid means for 
each habitat per site, and bars represent 95% confidence lim- 
its (n = 5). Biplot shows the magnitude and direction of the 
contribution of each substratum category towards the separa- 

tion of groups 

coral, encrusting, soft and branching coral. The inner 
reef flat, reef base and sand flat all differed from the 
other habitat zones, because of their dominance by 
non-living substratum. 

Pilot study of visual census methods for fish surveys 

The pilot study identified methods which were most 
appropriate for surveying wrasses: 5 replicate 50 X 3 m 
transects per habitat zone, done at an observer swim- 
ming speed of 60 s per 10 m2. All 16 transect sizes 
showed an acceptable level of precision (2 0.2), with 
the greatest precision (0.07) attained by 4 transect 
sizes: 10 X 3, 20 X 3 , 5 0  X 3 and 50 X 1 m. Transect width 
had a significant effect on the density of labrids 
counted but transect length did not (Table 3).  Of these 
sizes, 50 X 3 m transects were selected for 2 reasons. 
First, a width of 3 m was chosen because it showed 
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inner reef flat reef slope Smith 19881, but slow enough to min- 
imise the disturbance to the study species 
(Brock 1982, Fowler 1987). 

40 

20 o LL fish I also sizes confirmed could be that obtained reliable by estimates estimating of 

their sizes underwater, with a significant 

outer reef flat !':!]L- /L slope correlation = 1.01) (r2 detected = 0.9879, between n = 112, p estimated < 0.0001. 

and actual TL of 112 individuals of 10 spe- 
40 

U cies. Size estimation was closer to actual 
t 20 size for smaller individuals (c10 cm TL), 

0 
and became slightly less reliable as the size ''1 sand flat 
of the fish increased. However, when aver- 
aged over all individuals, the mean error of 
the technique was small when expressed as 
a percentage of the TL of the individuals 

20 (mean percent error = 3.6%, SE = 0.60, n = 
0 ; a + + ; ; ; x m m  a  

E L L . .  
c e e e m m  112). 
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c m.=Eramp.abrm: U C " =  " m P < $  : f a  E chosen methods maintained an accept- 
" m  U 

E  2 E 
2 :  ~1~~ " 5 "  able level of precision in most situations. 
= W  c A precision of <0.2 was attained for these 

methods in ail ol the 6 h~ibilat zones ai  
Fig. 4. Mean (i SE) percentage cover of each substratum type in each habi- each site, except for the inner reef flat at 

tat zone at  each of 3 study sites (n = 5) Sites A and B (precision of 0.26 and 0.24 
respectively). Five replicate transects 

consistently higher levels of precision (range = 0.07 to were adequate to attain the desired level of precision 
0.11) than did a width of 1 m (range = 0.07 to 0.20). Sec- in 5 of the 6 habitat zones. However, 8 or 9 replicates 
ond, a length of 50 m was chosen because larger study were necessary to attain this level of precision on the 
units are more likely to cover all microhabitats and inner reef flat at Sites A and B, because of the patchy 
include rare species (Kimmel 1985, A. Green pers. aggregations of abundant species such as Halichoeres 
obs.), as well as being larger in size than the home spp., and highly mobile groups of Stethojulis banda- 
range or spatial distribution patterns of most species nensis. Similarly, variation in precision among sites in 
(see Eckert 1985, Andrew & Mapstone 1987). other habitat zones (e.g. crest), was caused by patchy 

I selected an observer swimming speed of 60 s per aggregations of abundant species such as Thalassoma 
10 m2 for future surveys, because it provided a more hardwicke. Unfortunately, the number of transects to 
precise estimate of labrid density (precision = 0.05) be used in future surveys could not be extended to 9, 
than did the other 2 speeds I tested: 30 and 90 S per 10 because of time and space constraints (study sites were 
m2 (precision of 0.11 and 0.12 respectively). Precision <300 m long). So I decided to continue using 5 repli- 
was probably highest at  this speed because it was fast cates transects in future surveys, since they produce an 
enough to include all individuals and to avoid counting acceptable level of precision in most situations. As 
highly mobile individuals more than once (Lincoln such, it must be acknowledged that surveys of the 

inner reef flat may not yield precise estimates of labrid 
densities using the selected survey techniques, and 

rable 3. Two-way fixed factor analysis of variance testing of 
the influence of transect length and width on the density of should be interpreted with caution. 

labrids recorded on the crest at Site A. Data were transformed 
[,:-(X + 'h)] to conform with the assumptions of the analysis 

Source df MS F P 

Length 3 0.12 1.47 0.2309 
LV~dth 3 1.39 16.34 <0.0001 
Length X Width 9 0.10 1.19 0.3159 
Error 64 0.09 
Total 79 

Spatial, temporal and ontogenetic patterns 
of habitat use 

This study found that the biological characteristics of 
the labrid assemblages were distinctly different in each 
habitat zone. Both labrid density and diversity differed 
significantly among habitat zones (Table 4,  Fig. 5). Mul- 
tiple comparisons (Tukey's test) revealed that labrid 
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Table 4 .  Two-way fixed factor analysls of variance testing of 
the influence of site and zone on labrid density and diversity. 
Data for labrid density were transformed [log(x+ l ) ]  to con- 

form with the assumptions of the analysis 

I source df MS F P 

Density 
Site 
Habitat zone 
Site X Zone 
Error 
Total 
Diversity 
Site 
Habitat zone 
Site X Zone 
Error 
Total 

density was significantly lower on the reef slope than in 
either of the other 5 habitat zones, and significantly 
lower on the sand flat than it was on the outer reef flat, 
crest and reef base (but not on the inner reef flat or the 
reef slope). Multiple comparisons also revealed that 
labrid diversity was significantly different between the 
inner and outer reef flats only. Labrid density and di- 
versity each showed only weak correlations with per- 
centage living substratum (Table 5), substratum diver- 
sity (Table 5),  substratum complexity (Table 5) or with 
each other (r2 = 0.15, n = 90, p < 0,1718) 

labrid diversity 

Fig. 5. Mean (+ SE) density and diversity of labrids in each of 
6 habitat zones at 3 sites at Lizard Island (n = 5) 

Table 5. Pearson's correlation (r2) between labrid density and 
diversity and each of 3 substratum characteristics: percentage 
living substratum, substratum diversity and substratum com- 

plexity (n = 90) 

Percentage living Substratum Substratum 
substratum diversity complexity 

Labrid density -0.14 -0.22 0.06 
(p  < 0.1822) (p c 0.0380) (p < 0.6053) 

Labriddlversity 0.13 0.10 -0.02 
(p < 0.2100) (p  < 0.3503) (p < 0.8421) 

A large number of labrid species (64) were recorded 
in 5 surveys over 3 yr at Lizard Island. Thirty-eight spe- 
cies (1804 individuals) were recorded in a single sur- 
vey (February 1992) of all habitat zones (Fig. 6), of 
which 8 were abundant (n > 5 O/o of total), 6 were com- 
mon (l  % < n < 5 % of total) and 24 were rare (n < l "h 
of total number of individuals). 

Seven of the 8 abundant species showed strong pat- 
& ---- -cL-L:.-& ..-- ----- : - & - A  ... :.L A--&L (F:- 7 ,  1 2 - 1 .  
~ e ~ l l b  UI IICIUILCIL  US^ C I ~ L U C I C I L ~ U  WILII U ~ P L I I  (rly. r ) .  mall -  

choeres spp., Stethojulis bandanensis, Thalassoma 
hardwicke and T. jansenii were most abundant in the 
shallow habitats, while Coris schroederi, H. melanurus 
and T, lunare were most abundant in the deep habitat 
zones. Within depth ranges, species differed among 
habitats in terms of their relative abundance. Only 1 
species, Labroides dimidiatus, occurred in similar den- 
sities in all habitat zones. 

Each habitat zone had a distinctive assemblage of 
the abundant species. This was confirmed by the 
canonical discriminant analysis, which showed that the 
assemblages of these species varied among locations 
(Pillai's Trace = 5.07, p < 0.0001; Fig. 8). Most of the 
variation among locations appeared to be associated 
with habitat zone, since locations grouped together 
into groups by habitat zones rather than by site. Inner 
and outer reef flats differed from other habitats but not 
from each other, because they were both dominated by 
high densities of Thalassoma jansenii and Stethojulis 
bandanensis, as well as by Halichoeres spp. (especially 
the inner reef flat at Site C). However, the results for 
inner reef flats should be interpreted with caution, 
because the counts may be of low precision (see 'Pilot 
study' above). Crests differed from other habitats, 
because of a high density of T hardwicke. The reef 
base and sand flat differed from other habitats, 
because of the high densities of H. melanurus, T 
lunare and C. schroederi. These 2 habitats differed 
from each other at  2 sites, because of the higher and 
lower densities of H. melanurus and C. schroederi 
respectively on the reef base than the sand flat. In con- 
trast, reef slopes were distinctive because of the low 
densities of all of these species. 
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Ontogenetic changes in habitat use appeared to be 
the exception, rather than the rule. Most of the abun- 
dant species showed similar patterns of habitat use as 
both adults and recruits (Fig. 7 ) '  Cork schroederi, 
Halichoeres melanurus, Halichoeres spp., Stethojulis 
bandanensis, Thalassoma hardwicke and T. jansenii. 
However, 2 species did show ontogenetic shifts in habi- 
tat use, with recruits using a narrower range of habitats 
than adults. La broides dimidiatus was most abundant 
on the 2 deeper habitats (reef slope and reef base) as 
recruits, and used shallower habitats more as adults. T. 
lunare was also most abundant on the reef slope as 
srecruits, but used deeper habitats more as adults. 

Overriding patterns of habitat use by each of the 8 
abundant species were consistent throughout the 3 yr 
and 2 seasons of the study, although the density of 
individuals in 'preferred' habitats sometimes varied 
over time, e.g.  Thalassoma jansenii (Fig. 9 ) .  As a result, 
the assemblages that characterised each habitat zone 
were also consistent through time. This was demon- 
strated by the correspondence analysis, which showed 
that the labrid assemblages in each habitat zone 
grouped together through time (Fig. 10). 

DISCUSSION 

This study demonstrated that reef fishes (wrasses) 
show distinctive patterns of habitat use at a fine spatial 
scale. Most abundant species showed strong patterns 

abundant 1 common 1 rare 
I I 

Stethojulis bandanensis 
recruits adults recruits 

1 

Halichoeres melanurp 
adults recruits 

adults recruits 

Labroides dimidiatus 
adults recruits 

T 

Thalassoma hardwkke 
adults recruits 

T 

p a s s o m a  jansenii 
recruits 

Thalassoma lunare 
adults recruits 

Fig. 7. Mean (Â SE) density of adults and recruits of each of 8 
labrid species in 6 habitat zones at each of 3 sites (n = 5) 

Fig. 6. Relative abundance of 38 labrid species on the oblique fringing reef on the 
northeastern side of Lizard Island (n = 1804) 

of distribution and abundance 
among habitats, each being present 
in high densities in only 1 or 2 of the 
6 habitat zones studied. As a result, 
each habitat zone comprised a 
unique assemblage of fishes, which 
was maintained at several locations 
along the reef. These fine-scale pat- 
terns of habitat use have also been 
found to be consistent at other reef 
exposures, and on other islands of 
the GBR (Green unpubl. data). 

Depth appeared to be of overrid- 
ing importance in determining pat- 
terns of habitat use, with most spe- 
cies occurring in either shallow 
(inner reef flat, outer reef flat or 
crest) or deep (reef base and sand 
flat) habitat zones. Within depth 
ranges, species differed in their rel- 
ative abundance among habitat 
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&base 
sand flat Thalassoma hardwicke 

-1.0 

Halichoeres s p p  

-7.0 can. var. 2 
17.0% 

Fig. 8. Canonical discriminant analysis of the assemblages of abundant labrids in 6 habitat zones at each of 3 sites. Points are cen- 
troid means for each habitat per site, and bars represent 95% confidence limits (n = 5). Biplot shows the magnitude and direction 

of the contribution of each labrid species towards the separation of groups 

Coris schmederi Stefhojulis bandanensis 
20 1 summer winter 1 ~surnmer winter 

Halichoeres rnelanurus Thalassoma h a w k k o  

.- 
Halichoeres ~ p p .  Thalassoma jansenil 

U 

10 

5 

0 

Labfoides dimidialus Thalassoma lunare 
1 summer winter 1 summer winter 

-.'U' U' m m u o p n  m  
G E E o m C  
8 8 uznn 
E -8  ' 
L b .  ;E: 
g 2 
.E a 

Fig. 9.  Mean (* SE) density of each of 8 labrid species in 6 
habitat zones on 5 occasions over 3 consecutive years and 2 

seasons (n = 10) 

inner reef flal 

V 
outer reef fiat C 

r 

crest W 

m 

Halichoeres spp.  X 
Stefhojulis bandanensis X 

'?$: . . sand flat 

dim.1 54.1% 

A 
A 

reef slope 
A 

-1.5' dim. 2 19.8% 

Coris schroederi X 

Thalassoma jansenii X 
o e r e s n e l a n w u s _ x ,  

-1.5 fassoma lunare X C 1.5 

Thalassoma hardwicke X 

Fig. 10. Correspondence analysis of the relative abundance of 
8 labrid species in 6 habitat zones on 5 occasions over 3 con- 

secutive years 
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zones. Only 1 species, Labroides dimidiatus, was ubiq- 
uitous and occurred in low densities in all habitat 
zones. No abundant specles were present in high den- 
sities on the reef slopes, which may have been because 
the slopes were very steep in most places. 

No clear relationship was detected between labrid 
density or diversity and the biological characteristics of 
the habitat zones, including percentage cover of living 
substratum, substratum diversity and substratum com- 
plexity. These results are consistent with those of most 
previous studies, which have also failed to find a strong 
correlation between reef fish habitat association and 
specific substratum characteristics, except for some 
obligate corallivorous chaetodontids or small site- 
attached species (see review in Williams 1991). This 
may be because families such as labrids have large 
home ranges which may encompass a variety of habi- 
tat features, and may be unlikely to show strong asso- 
ciation with specific habitat characteristics (Roberts & 
Ormond 1987). 

In this study, spatial patterns of habitat use by reef 
fishes were found to be consistent over 3 yr and 2 sea- 
sons (summer and winter). Tenlporal variation in the 
assemblages associated with different habltats was 
limited to small-scale variations in the density of indi- 
vidual species within habitat zones, and did not affect 
the overall pattern of habitat use by these fishes. Such 
temporal consistency in patterns of habitat use has also 
been reported for other tropical and temperate families 
of reef fish (Choat 1982, Wi1liam.s 1986, Fowler 1990), 
and may represent a generalised pattern of reef fish 
distribution and abundance. 

Fine-scale spatial patterns of habitat use by reef 
fishes may be the result of a number of processes oper- 
ating at  this scale. In this study, the degree to which 
spatial patterns of habitat use by adults reflected pat- 
terns of recruitment varied among species. Ontoge- 
netic changes in habitat use were more the exception 
than the rule, with 6 of the 8 abundant species showing 
similar patterns of habitat use as adults and recruits. In 
the past it has been suggested that these results infer 
that recruitment patterns may be important in structur- 
ing patterns of habitat use by many reef fishes (see 
Williams 1980, 1991, W~lliams & Sale 1981, Eckert 
1985). However, similar patterns of habitat use by 
recruits and adults could also occur as a result of dif- 
ferential survival in different habitats, in combination 
with a subsequent redistribution of individuals among 
habitats. To date, it has not been possible to discrimi- 
nate between the relative importance of recruitment 
and post-settlement processes in i.nfluencing patterns 
of habitat use by wrasses, since little is known of their 
post-settlement ecology in different habitats. 

Nevertheless, the ontogenetic patterns of habitat use 
described in this study may provide some insight into 

the importance of these processes in determining habi- 
tat use by reef fishes. Many reef fishes show strong 
patterns of microhabitat selection as recruits (Sale et 
al. 1984), and ontogenetic shifts in habitat use, or 
the lack thereof, may reflect the availability of these 
'preferred' microhabitats in adult habitats (see Victor 
1986). In this study, the recruits of 2 species which 
showed ontogenetic shifts in habitat use, Thalassoma 
lunare and Labroides dimidiatus, are known to show 
mlcrohabitat selection for substrata which were not 
readily available in adult habitats. These recruits pre- 
fer live branching coral or the holes underneath plate 
corals (T. lunare and L. dimidiatus respectively; Eckert 
1985, Green unpubl. data), and these microhabitats 
were more abundant in the habitat used by recruits 
than they were in the adult habitats (Figs. 4 & 8).  As the 
~ndividuals of these species grow, their association 
with this type of microhabitat may weaken and the 
juveniles may move into adult habitats. Conversely, 
other species may not have shown ontogenetic shifts in 
habitat use because the microhabitats preferred by 
recruits were abundant within adult habitats. For 
example, Coris schroederi and Halichoeres melanurus 
recruits both show strong microhabitat selection for 
the macroalgae occurring within the territories of her- 
bivorous damselfish (Green 1992) and dead substra- 
tum (Eckert 1985, Green unpubl, data), both of which 
are abundant within adult habitats (Green 1992, this 
study's Figs. 4 & 8) .  Hence, there may be no require- 
ment for an ontogenetic shift in habitat use by these 
species. A similar argument can be invoked for T. 
hardwicke, T. jansenii and Halichoeres spp., whose 
recruits 'prefer' microhabitats that are readily avail- 
able in adult habitats (live branching and plate coral 
for T. hardwicke, and dead substratum for T. jansenii 
and Halichoeres spp.: Green unpubl. data, see this 
study's Figs. 4 & 8). However, since this conclusion is 
largely based on circumstantial evidence, a detailed 
study of the patterns of recruitment and post-settle- 
ment mortality and movement of these species in a 
range of habitats will be required to test this hypoth- 
esis. 
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