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Distribution and abundance of herbivorous 
grazing fishes in the central Great Barrier Reef. 

I. Levels of variability across the entire 
continental shelf 
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ABSTRACT Visual censuses were used to study the distribution and abundance of herbivorous 
grazing fishes (Acanthundae, Scandae, Sigan~dae) on reefs in the central region of the Great Barrier 
Reef Three locations on the continental shelf (inshore, mid-shelf, outershelf), 3 reefs within each of 
these locations and, for the mid- and outershelf reefs, 5 zones within each of these reefs were examined 
The assemblages of herbivorous fishes on inshore reefs were distinctive from those on mid- and 
outershelf reefs with sianificantlv fewer numbers of species and individuals of acanthunds and scands 
nshoro A major cumponeni i^f t h i  varidbiliiy in lhr- data I, withm-n P I  [holwof-n-/one, coriiporn~iii. 
The wnhin-rwf conip<.ncnt of variiihil~ly ussoci~itcd largely wit" diftc-ronces in the ds'semhldgfs with 
depth, is greater than that between mid- and outershelf locations and between reefs within these 
locations When zones are examined individually and compared with reefs inshore the majority of 
species display significant cross-shelf change in abundance irrespective of the zone examined, with 
cross-shelf change accounting for often 80 to 90 % of the variability in abundance For most species 
much of this variability is due to an absence or low abundance on inshore reefs 

INTRODUCTION 

The Great Barrier Reef (GBR) off the north-eastem 
coast of Australia comprises approximately 2,500 indi- 
vidual coral reefs (GBR Marine Park Authority, 
unpuhl ). Until recently studies of the structure of com- 
munities of fishes on these reefs have been concen- 
trated on only 3 reefs Heron and One Tree Reefs in  the 
southern GBR (approximately 23S0S) and Lizard 
Island Reef in the northern GBR (approximately 14's) 
Studies carried out in the central GBR near Townsville 
(approximately 19OS) represent the first concentrated 
and coordinated attempt to characterize the broad 
scale patterns of distribution and abundance of coral 
reef fishes (Williams, 1982, 1983; Williams and 
Hatcher, 1983) and other biota (hard corals: Done, 
1982, soft corals- Dinesen, 1983; calcified green algae: 
Drew, 1983) These studies have concentrated upon 
determining patterns of distribution and abundance of 
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organisms among reefs along a transect across the 
continental shelf from the mainland into the Coral Sea. 

Williams (1982) and Williams and Hatcher (1983) 
concluded that there were significant changes in the 
structure of the communities of coral reef fishes along 
this cross-shelf transect Their studies were carried out 
in  only one reef zone, the windward reef slope The 
aim of the present study is to determine whether cross- 
shelf changes in  community structure of a similar mag- 
nitude to those observed by Williams (1982) and Wil- 
liams and Hatcher (1983) occur in  other zones A group 
of 51 species of herbivorous grazing fishes belonging 
to the families Acanthundae, Scandae and Siganidae 
was studied These species comprise one of the more 
abundant groups of fishes on the study reefs, in terms 
of biomass and numbers (Williams and Hatcher, 1983) 
and their grazing activities on algal turfs contribute 
significantly to the tropho-dynamics of these coral 
reefs (e g Ogden and Lobel, 1978, Hatcher, 1982, 
1983) This study addresses also the more general 
question: how does variahility in  the structure of 
assemblages of fishes within reefs compare with that 
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between reefs at similar locations on the continental 
shelf and between reefs at different locations on the 
shelf? Patterns of zonation of herbivorous grazing 
fishes within reefs are described in greater detail in a 
companion paper (Russ, 1984). 

MATERIALS AND METHODS 

Study sites 

The study was conducted on 9 reefs on the continen- 
tal shelf in the central region of the Great Barrier Reef 
including the 8 studied by Williams (1982) (Fig. 1). 
Three reefs were located inshore, approximately 10 km 
from the coast (Pandora, Phillips, Lorne), 3 on the mid- 
shelf, approximately 50 km offshore (Rib, John Brewer, 
Lodestone), and 3 on the outershelf, approximately 
100 krn offshore (Myrmidon, Dip, Bowl). The gross 
morphology and environment of the study reefs have 
been described by Done (1982). 

The areas studied within reefs are shown in Fig. 2. 
The inshore reefs were small and lacked the distinctive 
pattern of reef zonation of the mid- and outershelf 
reefs. Most of the perimeter of both Phillips and Lome 
reefs and approximately one third of the perimeter of 
Pandora reef was censused and treated as one 'zone'. 
Depths of census dives varied from 3 to 8 m on these 
inshore reefs. The benthic communities consisted of 
macroalgae (Sargassum and Turbinaria) and the 
'Porites massive/branched' , 'Galaxea ', 'Montipora ' and 
'Goniopora' coral communities described by Done 
(1982). 

The reefs on the mid- and outershelf were larger 
than those inshore (Fig. 2) and displayed distinctive 
patterns of zonation (Done, 1982). Five zones were 

censused within each of the mid- and outershelf reefs: 
the windward reef slope, the windward reef crest, the 
reef flat, the lagoon and the back reef (Fig. 2). A brief 
description of each zone is given below and the loca- 
tions of these zones are represented schematically in 
Fig. 3 of Russ (1984). All zones on the upper part of the 
reef (crest, flat, lagoon) were censused within 2 h 
either side of high tide. This was the only constraint 
placed upon the time of day when censuses were 
taken. Considerable effort was made to ensure that the 
physical characteristics of the areas censused for any 
particular zone were as comparable as possible for all 
mid- and outershelf reefs. 

Windward reef slopes. All windward (south-east) 
reef slopes censused generally were steeply sloping, 
sometimes as steep as 70'. These slopes were censused 
at a depth of 12 to 15 m, often just above the level 
where the steep slope plateaued onto more level areas 
of sand and rubble at 15 to 20 m depth. The south- 
eastem faces of the outershelf reefs sloped away far 
more gently than those on the mid-shelf reefs and 
tended to lack a distinctive reef crest (see Fig. 5 of 
Done, 1982). To ensure that the reef slope (and reef 
crest) sites censused on the outershelf reefs were com- 
parable to those censused on mid-shelf reefs, the 
northern flank of Myrmidon reef and the eastern flank 
of Dip reef were chosen for the reef slope (and reef 
crest) sites (Fig. 2). These areas corresponded closely 
with those studied by Williams (1982). The reef slope 
zone corresponds on the mid-shelf reefs to the 'Acro- 
pora splendida/divaricata ' and 'Montipora/Pach yseris ' 
coral communities, and on the outershelf to the 'Acro- 
pora palifera/Porites' coral community described by 
Done (1982). The percentage cover of soft corals was 
comparable to that of hard corals in this zone (Dinesen, 

Fig. 1. Locations of study reefs in central 
Great Barrier Reef 
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Fig. 2. Areas studied within mid-shelf 
and outershelf reefs and around the 
perimeter of inshore reefs. Each line 
shows the general area where 4 non- 
overlapping replicate censuses were 
made on the respective reefs. (1) Reef 
slope, (2) reef crest; (3) reef flat; (4) la- 

goon; (5) back reef 

Myrmidon 

Lodestone John Brewer 4 
N 

Phillips 

Windward reef crests. The windward reef crests 
were censused at a depth of 2 to 3 m often directly 
above the general area of the censuses on the reef 
slope (Fig. 2). The crests of the mid-shelf reefs corres- 
pond to the 'Acropora paliferahumilis digitifera var- 
iant' coral community plus the upper part of the 
'Acropora tabulate/branchedV community described by 
Done (1982). The crests of the outershelf reefs corres- 
pond to the 'palmerae' and 'hyacinthus'variants of the 
'Acropora palifera/humilis'coral community described 
by Done (1982). The crests were characterized also by a 
high percentage cover of encrusting coralline algae. 
Filamentous, turfing algae was common within the 
territories of the acanthurid Acanthurus lineatus. 

Reef flats. The reef flats were censused at a depth of 
2 to 3 m approximately 75 to 150 m behind the area of 
the censuses on the windward reef crest (Fig. 2). This 
zone was characterized by a high percentage cover of 
filamentous turf algae (relative to all other zones). Live 
and dead coral heads generally were 30 to 45 cm in 
height and sand patches (1 to 5 m in diameter) often 
were common toward the back of the reef flat. On the 
mid-shelf this zone corresponds to the 'Faviid 4' and 
'Isopora/Seriatoporal coral communities described by 
Done (1982) and on the outershelf the 'hyacinthus' 
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variant of the 'Acropora paliferahumilis' coral com- 
munity (Done, 1982). 

The lagoon. A complex combination of habitats was 
censused within this zone. An area typical of that 
censused consisted of flat-topped bombies (patch 
reefs) 5 to 20 m in diameter and 10 to 30 m apart, 
separated from each other by sand covered areas (50 to 
90 % sand cover) with a water depth of 3 to 7 m. The 
tops of the bombies (depth approximately 2 m) gener- 
ally had a high percentage cover of live hard coral. The 
bases of the bombies and the sand covered areas often 
had staghom Acropora thickets. This complex of tops 
and sides of bombies, sand covered areas and Acropora 
thickets constituted the 'lagoonal zone'. The tops of the 
bombies correspond to the 'Acropora tabulate/FaviidV 
coral community (Done, 1982) on the mid-shelf and the 
'digitifera' variant of the 'Acropora palifera/humilis' 
coral community (Done, 1982) on the outershelf. The 
Acropora thickets in both mid- and outershelf lagoons 
correspond to the 'Acropora staghom' coral community 
described by Done (1982). The exact areas censused on 
each reef are shown in Fig. 2. 

Back reef. The bases of back reef bombies consti- 
tuted the back reef zone. This zone was censused to a 
depth of 8 to 12 m and consisted of the bombie bases 
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together with the areas between bombies. The bom- 
bies were separated by areas with a cover of 30 to 70 % 
sand. On the mid-shelf the coral communities of the 
back reef correspond to the 'Acropora splendidal 
divaricata' and 'Porites massivehranched' ones 
described by Done (1982), while on the outershelf they 
correspond to the 'Porites/Diploastrea' community 
(Done, 1982). Soft corals were often almost as abundant 
as hard corals, a condition seen also on the deep 
windward reef slopes. 

Methods 

Three families, constituting the vast majority of 
species of large, herbivorous fishes on coral reefs of the 
Great Barrier Reef, were studied: Acanthuridae, 
Scaridae and Siganidae. A monospecific family placed 
previously within the Acanthuridae (Zanclidae) was 
included in the study also. A total of 51 species was 
chosen for detailed examination and each species was 
assigned to a feeding guild as defined by Hatcher 
(1983) (Table 1). 

The assemblages of fishes were surveyed using a 
visual census technique similar to that used by Wil- 
liams (1982). A census dive consisted of a 30 min swim 
(using SCUBA) through a zone recording the abun- 
dance of each species on a log 3 abundance scale from 
1 to 7 (Table 2). All individuals within approximately 
5 m of either side of the diver were censused. The 
abundance of a species was recorded cumulatively 
throughout a census and all species were censused 

Table 2. Numbers of individual fishes contained within each 
abundance category 

Abundance 
category 

Number of 
fishes 

Table 1. Species surveyed, feeding guild to which each was assigned, and their presence at particular locations on the 
continental shelf. Feeding guilds are: SS = sand sucker, SFS = sucker of fine sediments, SC = small cropper, LC = large 
cropper, S = scraper, P = planktivore, SP = sponge feeder, C = coral feeder. Locations are: I = inshore, M = mid-shelf, 

0 = outershelf 

Species Feeding Location Species 
guild on shelf 

Feeding Location 
guild on shelf 

ACANTHURIDAE 
Acanthums dussumieri 
A. glaucoparieus 
A. hepatus 
A. lineatus 
A. 'ma ta ' 
A. nigricauda 
A. nigrofuscus 
A. olivaceus 
A. pyrofems 
A. thompsoni 
A. triostegus 
A. xanthoptems 
Ctenochaetus striatus 
C. binotatus 
Naso annulatus 
N. brachycentron 
N. brevirostris 
N. hexacanthus 
N. lituratus 
N. tuberosus 
N, unicornis 
N. vlamingi 
Zebrasoma scopas 
Z. velifemm 

ZANCLIDAE 
Zanclus cornutus 

ss 
sc 
sc 
LC 
ss 
ss 
sc 
ss 
sc 
P 
sc 
ss 

SFS 
SFS 
LC 
LC 
LC 
P 

LC 
LC 
LC 
LC 
sc 
LC 

SP 

IMO 
MO 
MO 
MO 
IMO 
MO 
MO 
MO 
0 
0 

MO 
0 

MO 
MO 
MO 
0 

MO 
0 

MO 
MO 
IMO 
MO 
MO 
MO 

MO 

SCARIDAE 
Scams bleekeri 
S. brevifilis 
S. dimidiatus 
S. flavipectoralis 
S. frenatus 
S. ghobban 
S. gibbus 
S. globiceps 
S. niger 
S. oviceps 
S. psittacus 
S. livulatus 
S. mbroviolaceus 
S. schlegeli 
S. sordidus 
S. spin us 
S. sp. (c. f .  lunula) 
Bolbometopon muricatus 
Cetoscams bicolor 
Hipposcams longiceps 
SIGANIDAE 
Siganus corallinus 
S. doliatus 
S. lineatus 
S. puellus 
S. punctatus 
S. vulpin us 

s 
s 
s 

SS? 
s 
s 
s 
s 
s 
s 
s 
s 
s 

SS? 
s 
s 
s 
c 
s 
s 

LC 
LC 
LC 
LC 
LC 
LC 

MO 
MO 
MO 
MO 
MO 
IM 

IMO 
IMO 
MO 
MO 
MO 
IMO 
MO 
MO 
IMO 
MO 
MO 
MO 
MO 
MO 

IMO 
IMO 
IM 
MO 
IMO 
MO 



Russ: Grazing reef fishes - variability across the shelf 27 

simultaneously. Juveniles (less than 5 to 8 cm total 
length, depending upon the species) were not counted. 
The 30 min period was chosen on the basis of prelirni- 
nary censuses of acanthurids in a variety of reef zones 
at various reefs. Number of species recorded was plot- 
ted against length of time of census with an asymptote 
being reached after approximately 30 min. All data 
were recorded onto prepared census sheets of water- 
proof paper and all censuses were made by the author. 
Census dives for the reef slope, reef crest and reef flat 
were unidirectional and parallel to the reef crest while 
those for the lagoons and back reefs followed a mean- 
dering path between bombies. The distance covered 
by a census dive varied with conditions of wave surge 
and current but generally ranged between 300 and 
400 m, so that the area censused varied between 
approximately 3,000 and 4,000 m2 (300 X 10 m and 
400 X 10 m, respectively). 

Four replicate, non-overlapping censuses were 
made once in each zone. Five zones were censused on 
each of the mid- and outershelf reefs and one 'zone' in 
each of the inshore reefs, making a total of 132 cen- 
suses. Censuses were carried out between July and 
October, 1982, with Lorne reef censused in February, 
1983. 

Analysis of data 

The 132 censuses, including all 51 species, were 
subjected to an agglomerative, hierarchical classifica- 
tion (Williams, 1971). Bray-Curtis similarity coeffi- 
cients (Bray and Curtis, 1957) were calculated between 
all 132 censuses, the 2 most similar censuses fused to 
form a cluster and the process repeated using Burr's 
incremental sum of squares strategy (Burr, 1970). The 
analysis was run using CSIRO's SAHN (ex-MULCLAS) 
program (Williams and Lance, 1977). 

Cross-shelf trends in species richness and abun- 
dance are presented graphically. In all graphical pre- 
sentations the most conservative estimate of abun- 
dance, the minimum number of individuals in an 
abundance category, was adopted. The minimum 
numbers of individuals per log 3 abundance category 
are shown in Table 2. The abundance of a family in 
any one census is simply the minimum number of 
individuals per abundance category summed over all 
species in the family. The conservative presentation of 
abundance adopted here does not bias comparisons of 
abundance between zones, reefs or locations on the 
continental shelf. 

Nested classification 1-factor analyses of variance 
were carried out upon the species richness and abun- 
dance category data. The fixed factor in the analysis, 
location upon the continental shelf, has 3 levels: 

Inshore, Mid-shelf and Outershelf. Three reefs are 
nested within each of these levels and an analysis was 
carried out for each zone separately. There were 
4 replicate censuses made in each zone so that each 
nested classification 1-factor analysis of variance had 
35 degrees of freedom. The inshore reefs lacked the 
distinct zonation of the reefs on the mid- and outer- 
shelf. It was considered that the most efficient method 
of comparing between shelf locations was to use the 
same set of data from the inshore reefs in a series of 
analyses for each separate zone. This approach seemed 
preferable to combining the data for all zones for each 
mid- and outershelf reef. The use of abundance 
categories (or in the case of a family, abundance 
categories summed over all species in the family) in an 
analysis of variance is justified on the basis that it is 
approximately equivalent to carrying out the analysis 
on log-transformed actual counts of individuals. 
Homogeneity of variance (p = .01) for all analyses was 
determined using Cochran's test (Winer, 1971). In 2 of 
15 analyses of species richness the data were trans- 
formed to logio(x+2) to overcome heterogeneity of 
variances. Variances were heterogeneous in 3 of 9 
analyses of abundance of individual species. A major 
cause of this significant heterogeneity was the fre- 
quent total absence of species on reefs, usually the 
inshore reefs. Analyses were carried out in these cases 
if the calculated Cochran's value did not exceed the 
tabulated value for the number of treatments (reefs) 
where the species in question was present. Multiple 
comparisons of means (at a significance level of 
p = .01) for each location on the shelf were carried out 
using the Student-Newman-Keuls (SNK) procedure 
(Winer, 1971). The percentage of the variability in the 
data accounted for by cross-shelf differences (the var- 
iance component) was calculated according to the pro- 
cedure of Sokal and Rohlf (1969, p. 263) and is pre- 
sented with the results of the multiple comparisons. 

RESULTS 

Fig. 3 is a dendrogram generated from the classifica- 
tion analysis. Each split of this dendrogram results in 
2 groups which are significantly different from one 
another (Test of Sandland and Young, 1979a, b). The 
first split in the data set places all censuses from 
inshore reefs in a group distinct from all censuses from 
mid- and outershelf reefs. The mid- and outershelf 
reefs split into a group containing all censuses from the 
deep zones (reef slope, back reef) and another contain- 
ing all censuses from the shallow zones (reef crest, reef 
flat, lagoon). Censuses from the deep zones split into a 
group containing all censuses from the mid-shelf reef 
slopes and back reefs, and another containing all cen- 
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suses from the outershelf reef slopes and back reefs 
(Fig. 3). The analysis did not differentiate between reef 
slope and back reef censuses on the mid-shelf reefs. 
There is a statistically significant split on the outer- 
shelf into a group containing all censuses from the 
back reefs of Dip and Bowl reefs and a group contain- 
ing all censuses from the outershelf reef slopes plus the 
back reef of Myrmidon reef (not shown in Fig. 3). 

Censuses from the shallow zones split into a group 
containing all censuses from reef flats (with the excep- 
tion of all 4 censuses from Myrmidon reef flat) and one 

and outer 
shelf ree fs  

I  deep zones 

reef slopes, 
back reefs)  

All 

All shallow zones 

inshore r e e f s  1 

A 

( 

(crests,  reef  
flats, lagoons) 

I 
Reef crests 

Reef flats dePt Myrmidon1 

Fig. 3. Dendrogram from classification analysis of 132 cen- 
suses. I: Inshore, M: mid-shelf, 0: outershelf, RS: reef slope, 

C: reef crest, RF: reef flat, L: lagoon, BR: back reef 

containing all censuses from the reef crests and 
lagoons (plus Myrmidon reef flat) (Fig. 3). The latter 
group splits into a group containing all the mid-shelf 
censuses and another containing all the outershelf 
censuses. The mid-shelf censuses split into a group 
containing all censuses from crests and another con- 
taining all censuses from lagoons (Fig. 3). The outer- 
shelf censuses split into a group containing all cen- 
suses from crests and another containing all censuses 
from lagoons plus those from the reef flat of Myrmidon 
reef (Fig. 3). The reef flats split into a group containing 

all censuses from mid-shelf reef flats and another con- 
taining all censuses from the reef flats of Dip and Bowl 
reefs (Fig. 3). 

Of the 51 species studied 12 were recorded inshore, 
46 on the mid-shelf and 49 on the outershelf (Table 1). 
All species recorded inshore occurred on the mid-shelf 
and 10 of these 12 occurred on the outershelf also. A 
total of 44 species were shared between mid- and 
outershelf locations. All species not shared between 
these locations were recorded rarely in the locations in 
which they occurred. Thus the species compositions of 
the assemblages of large, herbivorous fishes were very 
similar on mid- and outershelf reefs, with very few 
species recorded inshore. 

Fig. 4 and 5 show respectively the cross-shelf 
changes in mean number of species and abundance of 
individuals per census (k 95 % confidence limits) for 
each family of herbivorous fishes and for each zone. 
Note that one 'zone' only was sampled on inshore reefs 
so that the same set of data from the inshore reefs is 
presented in each histogram for each separate zone in 
Fig. 4 and 5. Cross-shelf differences account for a very 
high percentage of the variability in the data sets for 
the acanthurids and scarids but much less so for the 
siganids in all zones. Species richness and abundance 
always were significantly greater on mid- and outer- 
shelf reefs than on inshore reefs for both the acan- 
thurids and scarids. Acanthurids had a greater species 
richness on outershelf than on mid-shelf reefs in all 
zones but this difference was significant (at p = .01) 
for the reef slopes and reef flats only (Fig. 4). A more 
comprehensive analysis of this data (Russ, 1984) which 
excluded the inshore reefs showed that the trend of 
increasing species richness of acanthurids from mid- to 
outershelf reefs is understated by the Student-New- 
man-Keuls results presented in Fig. 4. Acanthurids 
were significantly more abundant on outershelf than 
mid-shelf reefs in all zones but the reef crest (Fig. 5). 
There were no significant differences in species rich- 
ness or abundance of scarids between mid- and outer- 
shelf reefs for any zone. There were no significant 
differences in species richness or abundance of 
siganids across the whole continental shelf for all 
zones but an analysis of this data which excluded the 
inshore reefs (Russ, 1984), showed a significantly 
higher species richness and abundance of siganids on 
the mid-shelf than on the outershelf reefs. 

When zones were examined individually and com- 
pared with reefs inshore the majority of species dis- 
played significant cross-shelf change in abundance 
irrespective of the zone examined, with cross-shelf 
change accounting for often 80 to 90 % of the variabil- 
ity in abundance. For most species much of this varia- 
bility was due to an absence or low abundance on 
inshore reefs. Fig. 6 provides examples of such cross- 
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F .  A c a n t h u r i d a e  
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Fig. 4. Cross-shelf changes in mean number of species per census (k 95 % confidence limits) for 3 families of herbivorous fishes 
in each of 5 zones. A nested classification 1-factor analysis of variance was performed for each family and zone. Percentage of 
variability accounted for by cross-shelf change (variance component) is shown, together with the result of SNK a posteriori 

comparison of means. I: inshore, M: mid-shelf, 0: outershelf 
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F A c a n t h u r l d a e  F .  S l g a n l d a e  

l ^ M  0 4 0 %  
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Fig 5 Cross-shelf changes in mean minimum number of individuals per census for 3 families of herbivorous fishes in each of 5 
zones Results of nested classification 1-factor analyses of variance on the abundance categories summarized as in Fig 4 
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shelf comparisons in abundance of species common in 
the lagoonal zone*. 

Cross-shelf change accounted for a large percentage 
of the variability in abundance of all but 1 of 9 species 
common in the lagoon (Siganus doliatus; Fig. 6 ) .  Acan- 
thums nigrofuscus and Hipposcarus longiceps were 
significantly more abundant on the outershelf, with no 
significant differences between the mid-shelf and 
inshore. A. 'mate' displayed a similar trend but the 
SNK result was complex (Fig. 6). Scams brevifilis 
increased significantly in abundance from inshore to 
mid-shelf and from mid- to outershelf. S. frenatus had a 
significantly lower abundance inshore, with no sig- 
nificant difference between mid- and outershelf. 
S. globiceps had a significantly lower abundance 
inshore, also, but the abundance on the mid-shelf was 
significantly higher than that on the outershelf (Fig. 6). 
S. rivulatus had a significantly lower abundance on the 
outershelf, with no significant difference between mid- 
shelf and inshore. The abundances of Siganus doliatus 
and Scarus sordidus did not change significantly 
across the shelf although the SNK analysis for the latter 
species appears very conservative, considering that it 
was virtually absent inshore (Fig. 6). 

DISCUSSION 

None of the studies of broadscale patterns of dis- 
tribution and abundance of coral reef fishes on the 
Great Barrier Reef (Anderson et al., 1981; Williams, 
1982, 1983; Williams and Hatcher, 1983) have esti- 
mated a within-reef (between-zone) component of var- 
iability and compared this with the variability attri- 
buted to that between reefs at nearby and widely 
separated sites. The present study has presented data 
on the species composition, species richness and 
abundance of large, herbivorous coral reef fishes at 
different locations on the continental shelf of the cen- 
tral GBR, at different reefs within each of these loca- 
tions and at different zones within each of the reefs in 
two of the locations. Several points can be made from 
the results. Firstly they confirm the findings of Wil- 
liams (1982) and Williams and Hatcher (1983) that 
there are significantly lower numbers of species and 
individuals of large, herbivorous grazing fishes on 
reefs inshore than on reefs of the mid- and outer conti- 
nental shelf. Secondly, herbivorous fishes occur in 
assemblages which are characteristic of several major 
zones (windward plus leeward slopes, reef crests plus 
lagoons, reef flats) and this pattern of zonation is con- 
sistent for all 6 mid- and outershelf reefs (Fig. 3). 

Similar figures for reef slope, reef crest, reef flat and back 
reef zones are available from the author on request 

Thirdly, the outershelf reefs have assemblages of her- 
bivorous fishes which are characteristic of the reef 
slope, reef crest, reef flat, lagoon and back reef and 
these differ significantly from the corresponding 
assemblages on mid-shelf reefs (Fig. 3). Thus the study 
has confirmed that there are significant cross-shelf 
changes in the assemblages of herbivorous fishes in 
zones other than the windward reef slope examined by 
Williams (1982) and Williams and Hatcher (1983). 
Finally, the results emphasize that a major component 
of the variability in the species composition and 
abundance of these fishes is a within-reef (between- 
zone) component (Fig. 3). If the mid- and outershelf 
reefs are considered alone (Russ, 1984), the within-reef 
(between-zone) component of the variability is far 
greater than that between locations on the continental 
shelf and between reefs within these locations. 

Williams (1982) observed within-reef variability in 
the structure of communities of both fishes and corals 
around the perimeter of many of the reefs included in 
the present study. He noted that much of this variabil- 
ity was correlated with incident wave energy (see also 
Done, 1982) and suggested that the changes in the 
communities around the perimeter of the outershelf 
reefs were significantly greater than those around the 
mid-shelf reefs (Williams, 1982). The results of this 
study are in agreement with these observations. When 
the windward reef slopes and leeward back reef slopes 
of both mid- and outershelf reefs are compared, cross- 
shelf difference accounts for the major proportion of 
the variability (Fig. 3). Furthermore, no differences 
could be detected between front and back slopes of the 
mid-shelf reefs (Fig. 3) but a statistically significant 
difference between front and back reef slopes was 
recorded for the outershelf reefs. 

This degree of similarity between reef slope and 
back reef zones emphasizes that the major contribution 
to the within-reef (between-zone) variability in the 
present study is accounted for by differences between 
these deep zones and the shallow zones (reef crest, reef 
flat, lagoon). Several authors have reported distinct 
differences in the abundance and species composition 
of, and rates of grazing by, herbivorous fishes at diffe- 
rent depths within coral reefs (e.g. Goldman and Tal- 
bot, 1976; Bouchon-Navaro and Harmelin-Vivien, 
1981 ; Hay, 1981 ; Hatcher, 1982; Hatcher and Larkum, 
1983; Hay et al., 1983; Hay and Goertemiller, 1983). 
The shallow zones occur on a gradient of decreasing 
incident wave energy from reef crest through reef flat 
to lagoon. Despite the correlation of incident wave 
energy and the structure of communities of corals 
(Done, 1982) and assemblages of fishes around the 
perimeters of the outershelf reefs (Williams, 1982), the 
assemblages of large, herbivorous reef fishes on the 
reef crests are more similar to those in the lagoon than 
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on the reef flat (Fig. 3). This could be a result of the Williams (1982) and Williams and Hatcher (1983), in 
lagoonal zone including the tops of lagoonal bombies, studies of the windward reef slopes, reported that vir- 
which have a similar depth and assemblage of corals to tually all the species of coral reef fishes they examined 
that in the reef crest zone. Patterns of zonation of (146 and 323 species, respectively) were unevenly dis- 
herbivorous grazing fishes within reefs are dealt with tributed among inshore, mid-shelf and outershelf reefs 
in detail in a companion paper (Russ, 1984). on the central GBR. The present study has shown that 

LAGOON 

Acanthurus mata'  

I C O ,  6 9 %  

Scarus brevlfills 

I < M < 0 ,  90% 

ill,. 

INSHORE MIDSHELF OUTERSHELF 

Hlpposcarus longlceps 

I  = M < 0 , 9 3 %  

Scarus frenatus 

I < M = o ,  95% 

Siganus dollatus 

I = M = o ,  53% 

Fig. 6. Cross-shelf change in abundance of 9 species common in the lagoon. Each bar is the minimum number of individuals 
observed in a census; there were 4 replicate censuses per reef. Results of nested classification 1-factor analyses of variance on the 

abundance categories summarized as in Fig. 4 
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the majority of species of large, herbivorous fishes 
show significant cross-shelf changes in abundance 
irrespective of the zone examined (e.g. Fig. 6). For 
many species much of this variability was accounted 
for by an absence or low abundance on inshore reefs. 

Williams and Hatcher (1983) suggested that the low 
species richness of fishes on inshore reefs of the central 
GBR may be due to the different physical and biologi- 
cal environment (e.g. higher turbidity and sediment 
load, reduced levels of incident light, reduced wave 
energy and a high abundance of macroalgae on 
inshore reefs), a reduced supply of larvae, the rela- 
tively small size of the inshore reefs or to a lack of 
zonation and reduced habitat diversity (no reef crest, 
reef flat, lagoon or reef slope deeper than 13 m) or a 
combination of these factors. Surveys made recently by 
Williams (1983) have shown that the assemblages of 
herbivorous fishes on inshore reefs in the far northern 
GBR (approximately 1 lo S) are very similar to those on 
inshore reefs in the present study. These northern reefs 
are as large or larger than, and structurally zoned in a 
manner similar to that of the mid- and outershelf reefs 
off Townsville. It seems unlikely, therefore, that the 
small size and lack of zonation of the inshore reefs off 
Townsville account for their low numbers of species 
and individuals of herbivorous fishes (Williams, pers. 
comm.). It is of interest that Chave and Eckert (1974) 
reported a similarly depauperate assemblage of her- 
bivorous fishes in the turbid inner lagoon of Fanning 
Island relative to the clear outer reef slopes nearby. 

Williams and Hatcher (1983) reported also that one 
of the clearest changes in the abundance of a trophic 
category of fishes across the continental shelf was a 
low biomass of algal grazers on the inshore reefs. They 
suggested that changes in the availability of food to 
herbivorous fishes across the shelf may be a likely 
explanation for this pattern. These fishes feed primar- 
ily on small, filamentous brown, green and red algae, 
together with certain species of blue-green algae (e.g. 
Jones, 1968). These are referred to as algal turfs or the 
epilithic algal community (Hatcher, 1982). The 
assemblages of algae on inshore reefs differ consider- 
ably from those on mid- and outershelf reefs. There are 
high standing crops of macroalgae, primarily Sargas- 
sum and Turbinaria, inshore. The large thalli of these 
algae are presumably not very palatable to fishes 
although Jones (1968) recorded Sargassum as an abun- 
dant item in the diet of three species of Naso (Acan- 
thuridae) in Hawaii. One species of Naso only 
(N. unicornis) was recorded on inshore reefs and was 
observed rarely. Significantly, the only acanthurids 
observed commonly on the inshore reefs were 
2 species of sand suckers: Acanthums 'mate' and 
A. dussumieri. The assemblages of algae on the mid- 
and outershelf reefs are primarily highly productive 

turfs. Russ (in press) presented preliminary data which 
suggested that there is a greater availability of food on 
the shallow, windward reef slopes of a mid- and an 
outershelf reef relative to a similar zone on a reef 
inshore in the central GBR, due essentially to a higher 
productivity of turf algae. These results thus suggested 
a positive correlation between food availability and 
standing crop of large, herbivorous fishes. This infor- 
mation is consistent with a causal relationship 
between the availability of algae as food and the 
abundance of herbivorous fishes. Direct testing of this 
causal relation would require large scale field experi- 
ments in which the abundance of food across the shelf 
is manipulated and the effect on the abundance of 
fishes monitored. 

The likely proximal factors causing or maintaining 
differences in community structure of coral reef fishes 
across the continental shelf in the central region of the 
Great Barrier Reef have been summarized by Williams 
and Hatcher (1983). They suggest that the patterns of 
distribution and abundance could result from: (1) diffe- 
rential availability of larvae across the shelf; (2) pat- 
terns of settlement and habitat selection by post-larvae 
e .g .  in response to food availability, physical factors 
etc.); (3) differential survivorship after settlement. Dif- 
ferences in the availability of algae may be a proximal 
factor influencing habitat selection by postlarvae or 
differential survivorship after settlement. Since it is 
unlikely, however, that postlarvae can judge the 
potential productivity of algal turfs in a given area and 
it seems likely that the cross-shelf patterns are deter- 
mined prior to, or at the time of, recruitment (Williams, 
pers. comm.) the availability of algae is more likely to 
be an ultimate factor determining the distribution and 
abundance of herbivores. Differences in the availabil- 
ity of food maintained over (evolutionarily) long 
periods of time may have led to the selection of 
mechanisms related either to habitat selection or 
limited dispersal which ensure maximum recruitment 
of herbivores to mid- and outershelf areas. 
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