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ABSTRACT: Seven shallow-water sites in the western part of Moreton Bay, Queensland, Australia, 
were sampled by beam trawl on 7 occasions durlng 1987 and 1988. The sites differed significantly in 
their macrophyte and loose shell cover. The most abundant f ~ s h  species was cardinal fish Apogon fas- 
ciatus, followed by fan-bellied leatherjacket Monacanthus chinensis, leatherlacket Paramonacanthus 
otisensis, trumpeter Pelates quadnlineatus and pony fish Leiognathus moretoniensls. Other species 
were comparatively rare. Small juveniles of the 5 specles recruited to the area,  with all except L. 
moretoniensis being most abundant at the most vegetated site. Mean catch rates differed s~gn~flcant ly  
between s ~ t e s ,  and patterns of habitat use, seasonality and d ~ e l  behaviour varied between specles. 
There was evidenceof ontogenetic m~gration into deeper water in all specles, although this was weak- 
est for A. fasciatus. Diets of the 5 species were distlngulshed by gravimetric, numerical and occurrence 
techniques. P quadrilineatus and L. moretoniensis took large amounts of polychaetes and copepods, M. 
chinensis and P otisensis consumed more amph~pods ,  molluscs and vegetation, and A. fasciatus ex- 
ploited a wide slze range of prey, Including crabs, f ~ s h  and small crustaceans. Interspecific diet overlap 
was greater in larger fish, but was less than intraspecif~c overlap between slze classes. Daytime feed- 
ers dominated the assemblage, but catch rates were higher at night. Overall patterns of resource use 
suggested species partitioning, but strong evidence of niche separa t~on was obtalned only for L more- 
toniensis, which was distinct on all 3 major resource axes (food, habitat and time) Therefore, scope 
ex~s ted  for interspecific competition between members of the assemblage. 

INTRODUCTION 

There is some evidence that, in contrast to the situa- 
tion with terrestrial vertebrates, food partitioning is 
more important than habitat partitioning in fish assem- 
blages (Schoener 1974, Ross 1986). However, only a 
few fish studies have examined the relative irnpor- 
tance of habitat, food and temporal partitioning (Ross 
1986). More information is also needed on ontogenetic 
changes in resource use (Ross 1986). For example, de- 
spite the importance of shallow vegetated habitats as 
centres of fish recruitment, knowledge of links bet- 
ween habitats and trophic patterns is limited by the lack 
of quantitative fish community studies and trophic stud- 
ies in seagrass and mangrove habitats (Parrish 1989). 

This paper examines the roles of spatial, food and 
temporal partitioning in relation to ontogenetic 

changes in habitat preferences and diet of the 5 nu- 
merically dominant species of both vegetated and non- 
vegetated habitats in Moreton Bay, Queensland, 
Australia. Moreton Bay is a large, subtropical estuary 
supporting a diverse fauna and a n  important mixed 
fishery (Williams 1980, Stephenson & Wilhams 1981, 
Pollock & Wdliams 1983). These dominant fish species 
are also abundant in all northern Australian waters 
(Stephenson et al. 1982b, Rainer 1984, Blaber et al. 
1990). In spite of the role of the smaller benthic fish 
species as secondary consumers and as food for com- 
mercial fishes (Grant 1982), birds (Blaber & Wassen- 
berg 1989) and marine mammals (Wassenberg & Hill 
1989), studies of their ecology are  few and have been 
concerned mainly with descriptions of large-scale dis- 
tribution and seasonality (e.g. Young & Wadley 1979, 
Stephenson et  al. 1982a, b). 
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Fig. 1. Left: Study area in  moret ton 
Bay. SHI: St. Helena Island; GI: Green 
Island. Also shown are mangroves 
(m), known macrophyte beds (dashed 
area) and depth contours. Riqht: 

ence (general linear model, SAS). 
Population cohorts were separated by 
polymodal length-frequency analysis 
(Cassie 1954). Instantaneous rates of 
numerical decline were estimated as 
the slopes of regressions of log, (co- 
hort density) against time. Onto- 
genetic dietary trends were examined 
after individuals of each species were 
separated into 2 arbitrary size classes: 
'small' (< 5 cm) or 'large' (> 5 cm). Diets 
were classified bv cluster analysis 
using the Bray-Curtis dissimilarity 
measure and group-average sorting. 
Diet breadth was measured by Levins' 
(1968) formula, B = (E pi2)-', where pi 

Subitrate chaiacteristics of s t idy = the proportion of each prey category 
sites, showing standard errors about in the diet, R~~~~~~~ overlap was esti- 
means [volumetric measure: I (beam 

trawl haul) '1 mated using Sckoener's (1968) meas- 
ure, D = 1 - 0.5X Ip, -p, ,l, where n 

l =  1 
= no. of resource states, p , ,  = propor- 
tional use by species X of resource 
state i; and py, = proportional use by 

METHODS species yof resource state i. Unlike some other overlap 
measures, Schoener's D estimates overlap adequately 

Fish sampling was carried out at 7 sites near St. over most of the potential range (Linton et al. 1981) and 
Helena and Green Islands in Moreton Bay. The study can be applied in the absence of resource availability 
area was small enough to minimise population isola- data (Hurlbert 1978, Wallace 1981). Overlap was taken 
tion yet large enough to provide significantly different to be significant when D > 0.6 (Zaret & Rand 1971, 
habitats. The sites were sampled every 2 mo between Mathur 1977) and the criterion for significant separa- 
August 1987 and August 1988 inclusive, close to the tion was taken to be D ~ 0 . 4 ,  following Ross (1986). Diet 
first lunar quarter in all but 1 instance (the June 1988 breadth and overlap calculations were only performed 
sampling was postponed to July). Hauls of 10 min du- on predator groups from which more than 50 diet 
ration were made with a beam trawl (3 m beam; head- individuals were obtained. The spatial and temporal 
line-codend distance 5 m; stretched inside mesh evenness of mean catches was represented using 
21 mm), operated from a 15 m trawler. On each trip Shannon's index (Pielou 1966). 
hauls were made at each site (A to G in order; Fig. l ) ,  
2 circuits being made by day and 2 by night (i.e. 
7 X 2 X 2 = 28 hauls per trip). The standard length of all RESULTS 
fish was measured. Subsamples of each species (up to 
30 for each site-trip combination, depending on abun- Study area 
dance) were promptly frozen on board and their gut 
contents later quantified gravimetrically, numerically Mean water depths at the times of sampling varied 
and in terms of the proportion of the predator popula- little between sites, ranging from 5.0 m at Site D to 
tion in which a given prey type occurred (Hyslop 7.6 m at Site F. Bottom temperature and salinity were 
1980). Most of the diet analysis was carried out by also consistent between sites (within 1 'C and 2 ppt 
1 person. Trawled macrophytes and shell debris were respectively), but showed distinct seasonal cycles. 
quantified volumetrically using a 2 l container. Mean temperature reached a peak of 26.3 "C in 

Catches were pooled to give 7 site-day and 7 site- February and a low of 18 "C in June-August 1988; 
night totals per trip. The numbers of individuals were salinity averaged 34 ppt in October-December but fell 
log-transformed [loglo (n + l ) ]  to stabilise the variance to 28.5 ppt by June-July. Sediments were largely of 
(Taylor 1953, Elliott 1977). Catch rates, gut fullness and muddy sand (Maxwell 1970 and pers. obs.), often cov- 
the abundance of each prey category in the gut by site, ered by scattered shell fragments. Material collected in 
trip and time of day were compared by 3-way ANOVA the trawls indicated that Site D had the densest cover 
and multiple range testing, using least-squares differ- of macrophytes (mainly seagrass Halophila spinulosa 
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Table 1. Mean catch per unit effort (no, haul- ')  for the 5 dominant f ~ s h  species by site, time of day and trip, with standard errors. 
Groups that did not differ significantly (ANOVA on log-transformed data,  Table 2) are given the same number in 

parentheses (low values = high mean catches) 

Species Site 
A B C D E F G 

Apogon fascia tus R 2.1 1 13.46 8.88 63.19 24.88 4.67 7.25 
SE 0.44 2.89 2.22 11.99 6.14 1.72 1.36 

(3) (2) (3) (1) (2) (3) (3) 

Paramonacan thus otisensis R 4.00 0.39 0.35 4.38 2.35 0.54 1.04 
SE 1.32 0.13 0.14 1.33 0.80 0.16 0.23 

(1) (2) (2) (1) (1) (2) (2) 

Monacanthus chinensis R 2.62 0.46 0.42 18.04 1.27 0.67 0.58 
SE 0.76 0.12 0.18 4.01 0.48 0.28 0.24 

(2) (3) (3) (1) (3) (3) (3) 
Leiogna thus moretoniensis X 1.04 7.14 3.92 4.08 2.58 1.50 3.82 

SE 0.75 3.12 2.26 2.69 2.01 0.83 2.54 
(3) (1) (2) (2) (3) (2) (2) 

Pelates quadrjljneatus B 2.15 1.07 10.96 27.96 0.85 0.08 0.13 
SE 1.23 0.96 5.68 11.03 0.54 0.08 0.09 

(3) (3) (2) (1) (3) (4) (4) 

Species Time of day 
Day Night Overall 

A. fasciatus R 17.12 19.04 17.99 
SE 4.24 3.84 2.88 

(2) (1) 

P otisensis R 1.54 2.27 1.87 
SE 0.40 0.56 0.33 

(1) (1) 

M. chinensis X 2.50 4.62 3.47 
SE 1.05 1.40 0.86 

(2) (1) 

L. moretoniensis X 1.22 6.22 3.50 
SE 0.44 1.69 0.84 

(2) (1) 

P quadrilineatu~ R 4.96 7.79 6.25 
SE 1.74 3.94 2.02 

(1) (1) 

Spec~es  Trip (date. 1987-88) 
31 Aug 27 Oct 23 Dec 24 Febr 28 Apr 24 Jul 17 Aug 

A. fasciatus - 
X 4.86 18.25 7.00 11.79 25.57 25.00 26.75 
SE 1.88 4.35 2.45 4.58 12.41 8.14 8.23 

12) (1) (2) (2) (1) (1) (1) 

P otisensis X 1.14 0.50 3.56 2.89 0.86 2.89 1.71 
SE 0.90 0.18 1.53 0.98 0.40 1.13 0.74 

(2) (2) (1) (1) (2) (1) (2) 

M. chinenns X 1.86 2.25 1.39 2.89 5.89 4.79 4.11 
SE 0.93 1.06 0 85 1.09 3.64 2.98 2.49 

(1) (1) (1) (1) (1) (1) (1) 

L. moretoniensis X 0.05 0.89 2.17 13.61 6.29 0.21 0.07 
SE 0.05 0.32 0.80 3.73 2.35 0.15 0.07 

(3) (3) (3) (1) (2) (3) (3) 

P quadrilineatus X 1.91 20.57 7.00 12.04 0.86 0.36 0.36 
SE 1.40 7.88 4.51 9.01 0.51 0.29 0.26 

(3) (1) (2) (2) (31 (3) (31 
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and algae such as Hypnaea sp., Laurencia pygmaea, Site D came from 1987 seagrass surveys (Hyland et al. 
Sarconema furcellatum and Caulerpa mexicana), 1989), satellite images and aerial photographs. 
while shell debris was most prevalent at Site A (Fig. 1). 
High turbidities precluded detailed visual assessment 
of substrate or vegetation. The 7 sites differed signifi- Overall abundance 
cantly in terms of macrophyte cover and shell debris 
(Kruskal-Wallis test; p < 0.001 for both). Multiple range The fish assemblage was dominated by 5 species: 
testing (least significant difference, SAS; p < 0,05) cardinal fish Apogon fasciatus (F. Apogonidae); lea- 
identified the following site groups, Listed in decreas- therjacket Paramonacanthus otisensis (F. Mona- 
ing order of abundance: D, EA, AFGC, FGCB (vegeta- canthidae); fan-bellied leatherjacket Monacanthus 
tion) and A, DFEGBC (shell). Independent evidence chinensis (F. Monocanthidae); trumpeter Pelates quad- 
for the existence of macrophyte beds in the region of rilineatus (F. Theraponidae); and pony fish Leiogna- 

thus moretoniensis (F. Leiognathidae). 
Of these, A. fasciatus was 2.9 to 9.6 
times more abundant overall than the 
other species (Table 1). 

Table 2. Catch per unit effort for the 5 dominant fish species by site, time of day 
and trip: 3-way analysis of variance. Significance levels: ' p < 0.05; ' ' p < 0.01; 
" ' ' p < 0.001; ns: not significant. Analysis of log-transformed numbers per haul 

Species Source of d f F P 
variation 

Apogon fasciatus Site 6 
Time 1 
Trip 6 
Site X Time 6 
Site x Trip 36 
Time x Trip 6 

Overall model 

Paramonacanthus otisensis Site 
Time 
Trip 
Site X Time 
Site X Trip 
Time x Trip 

Overall model 

Monacanthus chinensis Site 6 
Time 1 
Trip 6 
Site x Time 6 
Site X Trip 3 6 
Time x Trip 6 

Overall model 

Leiognathus moretoniensis Site 6 
Time 1 
Trip 6 
Site X Time 6 
Site x Trip 36 
Time X Trip 6 

Overall model 

Pelates quadrilineatus Site 6 
Time 1 
Trip 6 
Site X Time 6 
Site X Trip 36 
Time x Trip 6 

Overall model 

Site use and temporai variation 

Between-site variability exceeded 
between-trip variability in every spe- 
cies except Leiognathus rnoretonien- 
sis, which was highly seasonal in oc- 
currence. ANOVA revealed that the 
mean catches of all species varied sig- 
nificantly with site (Tables 1 & 2). L. 
rnoretoniensis was most abundant at 
the least vegetated site (B) .  All other 
species were most common at the most 
vegetated site (D); however, Para- 
monacanthus otisensis and Apogon 
fasciatus were much less restricted to 
this site than were Monacanthus chi- 
nensis and Pelates quadrilineatus 
(Table 1). The densities of all species 
except M. chinensis varied signifi- 
cantly between sampling trips and 
showed significant Site X Trip interac- 
tions (Tables 1 & 2). However, the sea- 
sonal patterns of elevated densities 
varied with species, these occurring in 
August 1988 (A. fasciatus), October (P.  
quadrilineatus), December (I? otisen- 
sis), February ( L .  moretoniensis) and 
April (M. chinensis). The relative 
abundance of A. fasciatus at the 7 sites 
varied with the season (Table 3), 
which, together with a significant site- 
trip interaction in mean length, sug- 
gests that A. fasciatus undergoes an 
ontogenetic migration within the study 
area (Fig. 2 ) .  Site-trip interactions in 
mean length were not significant in 
the other species. Mean catches of A. 
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Table 3. Apogon fasciatus. Catch matrix. Entries are mean loglo (no haul-' + 1) values. d .  day; n: night. Highest mean values for 
each site (day and night combined) in bold. Marginal values (n > d) indicate frequencies when night mean catch exceeded day 

mean catch. nc: not calculated 

Month Site n > d  
A B C D E F G 

d n d n d n d n d n d n d n 

A u ~  0.0 - 0.3 1.3 0.0 0.7 0.5 1.3 0.2 0.8 0.7 - 0.6 - 1.00 
Oct 0.7 0.5 1.4 1.6 1.4 1.3 1.8 1.5 1.3 l .  0.5 0.2 1.2 1.0 0.14 
Dec 0.0 0.7 1.0 0.9 0.7 - 1.4 - 1.1 - 0.0 - 0.7 - nc 
Feb 0.5 0.6 1.0 1.2 0.2 0.8 1.8 1.4 1.0 1.4 0.0 0.2 0.9 0.6 0.71 
Apr 0.5 0.5 0.9 1.0 0.0 1.0 2.2 2.0 1.5 1.1 0.8 0.9 0.7 1.0 0.71 
Jul 0.2 0.4 0.9 1.5 0.8 1.1 1.8 2.0 1.9 1.4 0.3 1.0 0.9 1.3 0.71 
Aug 0.2 0.8 0.9 1.1 1.2 1.3 1.9 2.0 1.8 1.7 0.7 1.3 0.5 0.9 0.86 

n > d 0.83 0.86 0.83 0.33 0.33 0.80 0.60 

fasciatus, L. moretoniensis and M. chinensis were sig- 
nificantly higher by night than by day (p<0.05) 
(Tables 1 & 2). 

Recruitment 

Patterns of catches of small fish ( < 5  cm standard 
length, SL) indicated that recruitment to the area was 
seasonal in Pelates quaddineatus and Leiognathus 
moretoniensis (October or earlier, and December- 
February respectively), but protracted in Monacanthus 
chinensis and Apogon fasciatus (February-August 
and December-August respectively) (Fig. 3).  Small 

5.07 
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a 
L . 5 . F  / , 

Apri l  1 
\ / 

\ / 

5.00 ' 
m 

July /August 

Fig. 2. Apogon fasciatus. Possible local ontogenetic migration 
pattern. Values shown at each site are overall mean standard 
lengths (cm, means of haul means) for the whole year. Months 
when highest mean densities were recorded in each area are 
also shown (enclosed zone is where highest densities oc- 
curred in October). SHI: St. Helena Island; GI: Green Island 

(4 to 5 cm) Paramonacanthus otisensis were present 
throughout the year, which suggests continuous re- 
cruitment. 

Emigration 

The extent to which the density of fish in different 
cohorts declined with time suggested that the study 
species (except perhaps Apogon fasciatus) migrated 
through the area. Pauly (1981) compiled values of nat- 
ural mortality (M) for 175 fish stocks, and his list may 
be used to derive first order estimates of the probabil- 
ity of observing Mabove a given value. Although rates 
of natural mortality should be relatively high among 
juveniles, the rates of numerical decline noted here 
were very high relative to most recorded values of M 
(Table 4), and therefore probably reflected emigration 
as well as mortality. As the area was closed to commer- 
cial trawling, fishing mortality was not believed to be 
significant. The rate of decline was particularly high 
for Leiognathus moretoniensis, indicating that its mean 
residence time may have been lower than for the other 
species. 

Diets 

Gravimetric and numerical assessments of diets gave 
complementary results. In terms of weight, the main 
diet types were: Apogon fasciatus: carid and penaeid 
shrimps, isopods, polychaetes, brachyurans, teleosts; 
Paramonacanthus otjsensis: bivalves, ophiuroids, poly- 
chaetes, unidentified crustaceans; Monacanthus chi- 
nensis: vegetation, polychaetes, gastropods, bivalves; 
Leiognathus moretoniensis: polychaetes, ophiuroids, 
calanoid copepods; Pelates quadrilineatus: poly- 
chaetes, bivalves, calanoids, amphipods (Table 5). In 
numerical terms, the main diet types were: A. fascia- 
tus: amphipods, calanoids; l? otisensis: calanoids, am- 
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phipods; M. chinensis: calanoids, gastropods, amphi- 
pods; L. moretoniensis and L? quadrilineatus: calan- 
oids, harpactacoids (Table 6).  In terms of percentage 
occurrence, the main components of the diet were: A. 
fasciatus: amphipods, polychaetes, calanoids, isopods; 
P otisensis: amphipods, calanoids, polychaetes, bi- 
valves, ophiuroids; M. chinensis: vegetation, gastro- 
pods, calanoids, amphipods; L. moretoniensis: poly- 

Months 

Table 4. Calculated instantaneous rates of numerical decline for population 
cohorts, with estimated probabilities that the observed rates are attributable to 
natural mortality (M). Probabilities (i.e. the proport~on of all fish stocks having 
M values greater than an observed rate of decline) are based on frequencies of 
M tabulated by Pauly (1981) and are indicative only. Cohorts are numbered as 

in Fig. 3 

Species Estimated rates of decline P(M) 

Cohort Cohort 
1 2 3 1 2 3 

Le~ognathus moreton~ensis 9 1 1 1  6 - 0 0 - 
Pelates quadrilineatus 3.2 5.8 - 0.04 0.01 - 
Monacanthus chinensis - 3.7 - - 0.03 - 
Apogon fasciatus - 2.3 - - 0.06 - 

L I 
A S O N D J  F M A M J  J A S  

Months  

Fig. 3.  Apogon fasciatus, Paramona- 
canthus otisensis, Monacanthus chi- 
nensis, Leiognathus moretoniensis, 
Pelates quaddineatus. Recruitment 
patterns and seasonal changes in 
mean length (standard length, cm) 
and density [log (no. haul-')] of 
cohorts separated by modal analy- 
sis. Population percentage length- 
frequency compositions are also 
shown; scale bar (top left) represents 
50 % contribution. Cohorts are indi- 

cated by numbers 

chaetes, calanoids, ophiuroids, harpactacoids, bi- 
valves; l? quadrilineatus: calanoids, ostracods, amphi- 
pods, gastropods, bivalves (Table 7). 

Cluster analysis of the percentage occurrence and 
gravimetric data indicated that the diets of the 2 mon- 
acanthid species were relatively similar, and that they 
were closer to the diet of Pelates quadrilineatus than to 
those of the remaining 2 species (Fig. 4).  However, the 

numerical diet analysis differed in giv- 
ing 2 main clusters, namely Apogon 
fascia tus/Pararnonacanthus otisensis 
and P quadrilineatus/Leiognathus 
moretoniensis, these groups having 
affinities with large and small 
Monacanthus chinensis respectively. 
A. fasciatus had the most distinctive 
diet and ate a wide size range of prey 
(including other fish, such as gobies 
and leiognathids). Cluster analysis of 
the same data sets, but after omission 
of the 'unidentified' food category, 
yielded results very similar to those 
described above. 

Cluster analysis also revealed that, 



Warburton & Blaber: Recruitment patterns and partitioning in a fish assemblage 

in general, interspecific differences in diet were 
greater than differences between size classes of the 
same species (Fig. 4 ) .  Mean intraspecific dietary 
overlap was greater than mean interspecific overlap, 
which did not exceed 60 % (Table 8). Interspecific 
dietary overlap (weight-based) was greatest between 
larger fish (Table 8). Ontogenetic diet shifts were 
most marked in Leiognathus moretoniensis and 

Monacanthus chinensis (Fig. 4).  In all species there 
was a reduction in the relative consumption of cope- 
pods (mainly calanoids, but harpactacoids also in the 
case of L. moretoniensis) a s  body s ~ z e  increased 
(Tables 5 to 7). At the same time, dependence on 
alternative prey types rose, notably polychaetes 
(Paramonacanthus otisensis, Monacanthus chinensis), 
amphipods (P  quadrilineatus, L. moretoniensis), crabs, 

Table 5. Two-way diet classification (percentage composition by dry weight) based on cluster analysis. Groups are separated ar 
dissimilarity levels of 0.35 (predators) and 0.80 (prey). Species abbreviations; lower case, small fish; upper case, large fish; Af: 
Apogon fasciatus; Lm: Leiognathus moretoniensis; MC Monacanthus chinensis; PO: Paramonacanthus otisensis; Pq: Pelates 

quadrilineatus; Unid.: unidentified 

Prey type Predator group 

af A F PO PQ pq mc MC po LM lm 

0.60 0.44 - 0.05 - - - 0.20 - 0.08 
0.98 0.32 - 0.14 0.10 0.38 0.14 0.21 - - 
2.22 1.04 - 0.22 - 0.02 - 0.02 - - 
1.14 1.22 - - - - - 

0.48 1.72 0.10 - - 
- 0.29 - - - - 

Sergestids 
Tanaids 
Mysids 
Thalassids 
Stomatopods 
Sponges 

Gastropods 
Sediment 
Plant material 
Bivalves 
Ophiuroids 
Amphipods 
Unid. crustacea 
Calanoids 
Polychaetes 

Brachyurans 
Carids 
Penaeids 
Teleosts 
Isopods 

Unid. matenal 
Amphineurans 
Cumaceans 
Crab larvae 

Unid. mollusca 
Opisthobranchs 
Cirripedes 

Harpactacoids 
Ostracods 

Anthozoans 
Ctenophores 

Insects 
Squid 
Fish scales 
Octopus 
Pteropods 
Forams 
Echinoids 
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carids and teleosts (Apogon fasciatus), gastropods (l? 
quadrilineatus) and ophiuroids (L .  moretoniensis) 
(Tables 5 to 7). 

The results of gut content analysis for some fish spe- 
cies suggested that densities of prominent prey types 
varied significantly between sites: e.g. bivalves were 
taken by Paramonacanthus otisensis mainly at Sites A,  
B and C (p <0.01), and polychaetes were taken by 
Apogon fascjatus mainly at Site B (p < 0.05). Feeding 
intensity, as indicated by gut fullness, was greater by 

day than by night in Leiognathus moretoniensis, l? oti- 
sensis and A. fasciatus (p < 0.05) in each case). This 
was reflected in higher daytime numbers of important 
prey types: e.g. calanoids (for L. moretoniensis, l? oti- 
sensis and A. fasciatus; p < 0.05 in each case). amphi- 
pods (for Monocanthus chinensis and A. fasciatus; 
p < 0.05 in both cases) and bivalves (for l? otisensis; 
p < 0.01). 

The diet breadths of Leiognathus moretoniensis and 
Pelates quadrilineatus varied little through the year, 

Table 6. Two-way diet classification (percentage composition by number) based on cluster analysis. Groups are separated at dis- 
similarity levels of 0.35 (predators) and 0.80 (prey). Abbreviations as in Table 5 

I Prey type Predator group I 

I Herpactacoids 0.09 0.09 - - - - 12.42 - - 25.52 
Calanoids 8.44 34.94 20.51 27.44 37.06 88.63 55.83 57.82 44.45 49.81 
Amphipods 31.74 28.05 26.48 32.32 18.73 0.95 7.78 6.58 5.56 0.28 
Unid. material 6.43 3.31 10.39 11.59 11.44 5.95 3.84 7.06 16.67 14.60 
Gastropods 1.56 0.29 20.79 6.10 10.10 0.54 5.90 16.22 - 0.19 

Mysids 
Teleosts 
Sergestids 
Isopods 
Carids 
Brachyurans 
Ophiuroids 
Bivalves 
Unid. crustacea 
Polychaetes 

Plant material 
Sediment 
Forams 
Tanaids 
Ostracods 
Pteropods 

Penaeids 
Thalassids 
Stomatopods 
Sponges 
Crab larvae 

Ctenophores 
Fish scales 
Anthozoans 
Cirripedes 
Squid 
Octopus 
Echinoids 
Unid. mollusca 

Opistho branchs - 0.09 - 
Cumaceans 0.14 0.08 - 
Insects - 0.01 - 
Scaphopods - - - - - - 0.02 - - 
Amphineurans - - - - - - 0.03 - - 
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but the diets of the leatherjackets were broadest in 
summer (Fig. 5). For most species, diet breadths varied 
little between sites, although they were greater (by 
weight) at  Site A (Fig. 6). However, weight-based 
Apogon fasciatus diets tended to broaden where those 
of the other species narrowed [product-moment corre- 
lation, r = -0.900; p < 0.01 (weight); r = -0.524; p < 0.10 
(number); n = ? j  (Fig. 6) .  In all species except 
Paramonacanthus otisensis, diets broadened with in- 
creasing body size (Table 9). 

Patterns of resource use 

Plots of food and habitat resource use (Fig. 7)  sug- 
gested niche complementarity. Species with similar 
diets (Pelates quadrilineatus /Leiogna th us moretonien- 
sis; Monacan th us chinensislParamonacanthus otisen- 
sis) had different spatial distributions. The peak den- 
sities of F! quadrilineatus and L,  moretoniensis were 
seasonally distinct (Table 1). In contrast, Apogon fas- 
ciatus was relatively generalised in terms of diet, sea- 

Table 7. Two-way diet classification (% occurrence) based on cluster analysis. Groups are separated at dissimilarity levels of 
0.35 (predators) and 0.80 (prey). Abbreviations as in Table 5 

Prey type Species 

po PO mc MC P 4  PQ af AF lm LM 

Sponges - - - - - - - 0.1 

Fish scales - 0.5 - 0.2 - 
Sergestids 0.8 - - 0.2 2.3 1.0 0.2 
Penaeids 0.4 - - 0.4 0.3 1.5 - 

Thalassids - - - 0.5 0.3 
Stomatopods - - 0.4 - - 0.5 0.8 

Ophiuroids 7.8 10.9 2.2 1.4 1.6 0.0 0.1 1.1 
Unid. crustacea 9.0 3.1 6.2 4.3 9.1 15.6 10.5 1.7 
Amphipods 14.5 14.1 13.8 16.1 27.4 29.8 22.5 0.7 
Polychaetes 4.7 15.6 6.7 11.4 18.3 11.0 12.6 12 7 
Bivalves 8.6 10.9 4.9 11.4 24.3 2.7 5.0 2 2 
Unid. material 32.5 29.7 40.9 34.6 69.0 8.2 10.8 10.3 
Calanoids 12.5 9.4 21.3 9.5 43.9 10.1 3.4 9.6 
Plant material 6.7 3.1 24.9 28.9 5.3 - 0.7 
Gastropods 8.6 7.8 27.6 17.5 26.9 0.3 0.4 0.4 
Harpactacoids - - - - 12.7 0.1 0.1 7.4 
Ostracods 2.4 - 3.1 4.3 22.7 0.6 0.3 2.0 
Forams 3.9 1.6 0.0 3.3 14.9 0.1 0.3 0 4 
Tanaeids 1.6 - 7.6 1.9 4.2 2.4 1.0 - 

Sediment 2.7 3.1 4.0 6.2 0.9 0.5 0.1 0.7 
Teleosts 1.6 3.1 1.3 1.4 0.2 1.7 2.8 - 

Isopods 3.5 3.1 1.8 0.9 1.1 6.8 5.0 0.4 
Mysids 0.4 - 0.4 - 2.7 5.2 5.3 
Carids - 1.6 - 5.1 3.3 5.2 - 

Brachyurans - 1.6 - 0.5 2.7 1.8 5.6 0.7 

Amphineurans - - 0.7 - - - 

Opisthobranchs 1.6 
Cumaceans 1.1 - 
Insects 0.2 - 
Crab larvae - 0.2 0.1 

Pteropods - 0.9 0.7 - - 
Echinoids 0.4 1.4 - - - 

Unid. mollusca 0.4 1.4 0.4 0.1 0.3 
Anthozoans 0.4 0.5 0.2 - 
Cirripedes - 0.5 0.2 - 
Squid - 0.5 - - 
Octopus - - - 0.5 - - - - - 
Ctenophores - - - 0.5 - - - - - - 
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sonality and distribution. However, signifi- 
cant overlap in interspecific resource use 
was more prevalent than was separation 
(Table 10). Instances of separation involved 
L. moretoniensis (from A. fasciatus in terms of 
food, from M. chinensis in habitat and from P: 
quadrilineatus in time). 

DISCUSSION 

Weight Number 

0.2 

0 7 

0 6. 

0.L 
,. - - 
L 
m '  - - 
c 
g 02. 

01 The abundant species in this study have 
also featured strongly in other ecological 

po rnc pq a f  Im a f  PO pq MC LM AF MC po PO LM 
PO MC PO AF LM AF PO rnc p0 Irn af PO pq mc Im 

Occurrence 0-8 

0.6. 

0 L. 

0.2- 

0-  

Intraspecific 
Small-Large 66.20 + 5.51 

Flg. 4. Relationships revealed by cluster analysis of frequency of occur- studies Moreton and 
rence, gravimetric and numerical diet data. Af: Apogon fasciatus; Lm: Australia. In Moreton Bay. Leiognathus 
Leiognathus rnoretoniensis, MC: Monacanthus chinensis; PO: Para- moretoniensis, Paramonacanthus oblongus 
rnonacanthus otisensis; Pq: Pelates quadrilineatus. Lower case: small (= otisensis) and Apogon fasciatus were the 

fish (standard length < 5 cm); upper case: large fish 
most common species recorded by Ste- 
phenson et al. (1982b). and all 5 species 

Table 8. Inter- and intra-specific dietary overlap (Schoener's except Monacanthus chinensis were prominent (in 
D) between small and large fish (means and standard errors), similar proportions to those in local trawler catches) in 

based on gravimetric and numeric diet analyses the diets of local piscivorous birds examined by Blaber 

strongest for Monacanthus chinensis and Pelates 
quadrilineatus, and similar preferences have been 
recorded for these species by Larkum (1976), Bell et al. 
(1978), Young & Wadley (1979) and Blaber & Blaber 
(1980). However, there was evidence that fish emi- 
grated from the area as they grew. Adult J? quadriline- 
atus, Leiognathus spp., Paramonacanthus otisensis and 

Comparison Gravlmetric Numeric 
(xi. SE) (X* SE) 

Interspecific 
Small-Small 38.90 f 5.92 56.20 + 3.20 
Large-Large 51.60 f 6.54 51.00 ? 4.26 
Small-Large 44.20 k 4.37 50.65 + 3.85 

Weight 

& Wassenberg (1989). The same or related species are 
also abundant in the southeast Gulf of Carpentaria 
(Rainer 1984, Blaber et al. 1990). 

The importance of subtidal macrophyte beds as hab- 
itats for young marine fish is indicated by 4 of the 5 
study species occurring in greatest densities at the 
most vegetated site. This habitat association was 

O- * b i i i i t  
S i t e  

Months Fig. 6. Site-related variations in diet breadth (Levins' B), 
Fig. 5. Seasonal variations in diet breadth (Levins' B), based based on numerical and gravimetric diet analyses. For clarity, 
on numerical diet analyses (0) and gravirnetric analysis (a). values for all species except Apogon fasciatus have been 

Species abbreviations as in Fig. 4 boxed (see text). Species abbreviations as in Fig. 4 
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M. chinensis occur in deeper or offshore waters (Blaber 
& Blaber 1980, Rainer 1984, Blaber et al. 1990). In con- 
trast, Lovamia fasciata (= A. fasciatus) is largely con- 
fined to relatively shallow water (5 to 9 m) (Rainer 
1984), a finding which supports the impression that 
this species was the least migratory of those studied: 
there were signs of a local ontogenetic migration, but it 
was less clearly depth-related than in the other species 
and could result from changing habitat preferences 
with age.  Increased residence time may also contribute 
to the relatively high abundance of A.  fasciatus. 

The seasonality of Pelates quadrilineatus and 
Leiognathus moretoniensis was very pronounced, with 
the highest numbers occurring in October-February 
and February-April respectively. Young & Wadley 
(1979) and Young (1981) also found strong seasonality 
in P quadriljneatus, with a November-March peak. 
However, Blaber & Blaber (1980) recorded a 
January-March P, quadrilineatus peak and Blaber & 
Wassenberg (1989) found that piscivorous birds 
showed little seasonal variation in P quadrilineatus 
consumption. Similarly, the abundance of L. moreto- 
niensis peaked in different months in previous studies 
[e.g. early September (Stephenson et  al. 1982b); 
January (Blaber & Wassenberg 1989)l. Such differ- 
ences presumably reflect variation in recruitment tim- 
ing and the location and selectivity of sampling. 

The 5 species shared a benthopelagic feeding habit, 
taking infauna (e.g. polychaetes and bivalves), epi- 
fauna (e.g. ophiuroids, isopods and amphipods) and 
zooplankton (e.g.  calanoid copepods). Monacanthus 
chinensis also ate vegetation [the main dietary compo- 
nent by weight; see  also Bell et  al. (1978)j. The species 
differed in terms of the size of prey taken: Pelates 
quadrilineatus and Leiognathus rnoretoniensis concen- 
trated on small or narrow-bodied items like calanoids, 
harpactacoids and polychaetes, M. chinensis and 
Paramonacanthus otisensis took more amphipods and 
molluscs, and Apogon fasciatus ate a wide size range 
of prey, including epibenthic shrimps, crabs and fish a s  
well a s  amphipods and other small crustaceans. In 
general, dietary analysis by the frequency of occur- 
rence method emphasised most of the prey types 
revealed a s  important by the numeric and gravimetric 
methods. However, it did not stress certain prey types 

0 
0.4 0.6 0.8 1.0 

Evenness of distribution 

Fig. 7.  Spacing of the 5 species along food, habitat and tempo- 
ral dimensions. Main axes are diet breadth (Levins' B) and 
evenness of distribution among sites (Shannon's index). 
Ellipses surround species with similar diets, as indicated by 
dissim~larity criter~a from cluster analysis of numeric (-, .) 
and gravirnetric ( - - - .  A , )  diet data (Fig. 4 ) .  Numbers in brack- 
ets indicate ranks of ~ncreasing temporal evenness in catch. 

Species abbreviations as in Fig. 4 

which were ranked highly by the gravimetric ap- 
proach, such as carids, penaeids, crabs and fish 
(Apogon fasciatus), polychaetes (Monacanthus chjnen- 
sis, Pela tes quadnlineatus) and bivalves (M. chinensis). 
In part, this may have reflected a patchier distribution 
and/or lower availability of preferred, relatively large 
prey types. 

Perusal of the groups delimited by the 3 cluster anal- 
yses of prey types (based on occurrence, numeric and 
gravimetric diet data; Tables 5 to 7) revealed the fol- 
lowing patterns of association among the dominant 
prey types. Polychaetes, bivalves and ophiuroids, all 
strongly bottom-associated prey types, always oc- 
curred in the same prey group and were represen- 
tative of prey vulnerable to sediment-feeding preda- 
tors. A second association, between amphipods, 
calanoids and gastropods (and less consistently, har- 
pactacoids), shared affinities with the first association, 
but appeared to reflect a more epifaunal or bentho- 

Table 9. D ~ e t  breadth (Levlns' B) for small and large fish, based on gravimetric and numeric diet analyses. Abbreviations as in 
Table 5 

Analysis Species 

af AF P O  PO m c MC lm LM P4 PQ 

Weight 5.45 8.51 4.51 2.46 3.60 3.72 2.75 3.73 1.76 2.97 
Number 4.63 6.86 4.94 4.88 2.69 6 02 2.96 3.86 1.27 2.92 
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pelagic habit. Vegetation tended to be grouped with 
either of these 2 associations. A third consistent asso- 
ciation involved relatively large, mobile, epibenthic 
prey types (carids, crabs, teleosts and isopods). The 
existence of these associations suggested that an abil- 
ity to exploit particular microhabitats and/or general 
prey characteristics was an important aspect of preda- 
tor foraging. Such a strategy could permit efficient, 
flexible predation behaviour. Many fish species are op- 
portunistic feeders, showing marked individual differ- 
ences in patterns of prey consumption (Bryan & Larkin 
1972, Bres 1989) and an ability to respond to changes 
in food availability (e.g. Robertson 1987, Brewer & 
Warburton 1988). There was evidence that the den- 
sities of important prey species such as bivalves and 
polychaetes varied significantly between locations. 
Pelates quadrilineatus took mainly polychaetes, cope- 
pods and bivalves, but elsewhere in Moreton Bay 
this species has been reported to concentrate on ostra- 
cods, amphipods, forams and tanaeids (Blaber & 
Blaber 1980). Such flexible tactics allow fish to effi- 
ciently exploit available food and not rely on particular 
resources, which may become limiting. In situations 
where a large number of diet combinations can pro- 
vide sufficient energy for growth and reproduction 
(Bres 1989), diet switching may be adaptive. 

Cluster analysis revealed that diets of the 2 size 
classes of each predator species were similar when 
the analysis was based on a frequency of occurrence 
basis, but less so when based on numeric or gravimet- 
ric data. This suggested that the choice of prey types 
by a predatory species was relatively consistent, but 

that the proportional contribution of each type varied 
with body size. The most noticeable ontogenetic diet 
shift was a reduced consumption of copepods and a 
correspondingly stronger reliance on larger prey 
types, which differed according to the predator 
species. 

Although fish often show marked ontogenetic 
changes in diet (Livingston 1988), ontogenetic varia- 
tion in the groups sampled was less obvious than inter- 
specific variation. Nevertheless, interspecific dietary 
overlap (by weight) was smaller in smaller fish, which 
were more abundant and presumably more concen- 
trated than the dispersed adults. Four species exhib- 
ited diet expansion with increasing size. Ontogenetic 
trends in diet breadth are not consistent between fish 
species (Pearre 1986, Ross 1986). 

Gut fullness and numerical diet analyses showed 
that feeding occurred mainly by day, die1 differences 
being sigfiificant in all species except Pelates quadri- 
lineatus. Conacher et al. (1979) reported Monacanthus 
chinensis as a daytime feeder in seagrass beds. It is 
unlikely that these fish undergo vertical movements 
i.nto the wa.ter column at night, since catch rates were 
significantly higher by night. Previous workers have 
recorded higher catch rates both by night (e.g. Salzen 
1957) and by day (e.g. Blaber et al. 1990). Die1 behavi- 
our appears to be habitat-dependent, at least in part: 
e.g. although many reef fish show clear lateral migra- 
tion into nearby seagrass beds to feed at  night (Ogden 
& Ehrlich 1977, Robblee & Zieman 1984), this is not 
necessarily true of fishes on shallow, seagrass-covered 
banks (Sogard et al. 1989). Possibly the species de- 

Table 10. Overlap in resource use (Schoener's D). Results for food overlap are  based on gravimetr~c and numeric analyses of d ~ e t s .  
Summary columns give means and standard errors. Abbreviations as in Table 5 

Food 
Number Weight Number 

Species Af PO MC Lm PS 
Af 0.627 0.519 0.393 0.439 0.437 k 0.027 0.495 f 0.052 

2 PO 0.410 0.773 0.541 0.587 0.579 ? 0.090 0.632 f 0.050 
.p MC 0.442 0.722 0.575 0.676 0.583 2 0.084 0.636 f 0.056 5 ~m 0.387 0.437 0.433 0.704 0.429 f 0.015 0.553 f 0.064 

PS 0.509 0.746 0.736 0.459 0.61 3 f 0 075 0.602 f 0.060 
Overall 0.528 ? 0 046 0.583 k 0.037 

Habitat and time 
Time (trips) Habitat Time 

Species Af PO MC Lm pq 
A f 0.669 0.803 0.402 0.473 0.637 f 0.032 0.587 f 0.092 

;;j U PO 0.688 0.731 0.450 0.510 0.556 ? 0.055 0.590 f 0.066 
S MC 0.677 0.595 0.523 0.525 0.619 + 0.095 0.646 It 0.072 
2 L m  0.547 0.507 0.374 0.372 0.459 ? 0.041 0.437 f 0.033 

p q  0.637 0.433 0.829 0.409 0.577 f 0.099 0.470 f 0.035 
Overall 0.570 f 0.045 0.546 f 0.045 



Warburton & Blaber: Recruitment patterns and partitioning in a flsh assemblage 125 

scribed here spend the day feeding in a range of habi- 
tats and settle demersally at night for shelter, resulting 
in high night-time catches. 

To some extent, observed changes in catch per unit 
effort will reflect changes in catchability rather than 
abundance. Catchability of these species is affected by 
differences in trawling technique (Warburton 1989). 
However, the influence of several important sources of 
catchability variation was minimised by operating the 
trawl from the same vessel at the same sites in a stan- 
dard fashion. Catchability may be affected by differ- 
ences in trawl visibility, but if visibility exerted a strong 
influence on catchability then it would be expected 
that mean catches would vary considerably by night 
and day. The ratios of night mean catch : day mean 
catch were 1.1 to 1.8 for 4 species and 5.1 for the fifth 
(Leiognathus rnoretoniensis) (from Table 1).  Similar 
ratios (highest : lowest) for mean catches by site and 
trip tended to be much larger (6.9 to 349.5 and 4.2 to 
272.2 respectively), suggesting that visibility exerted 
only a relatively minor influence on catches from dif- 
ferent sites and seasons. 

Niche overlap values (Table 10) showed there was 
some resource differentiation along the important 
dimensions of habitat, food and time. However, the av- 
erage overlap values for the 3 dimensions were similar 
and relatively high, so scope existed for conlpetitive 
interactions among members of the assemblage. The 
dynamics of resource overlap among these species 
await further investigation, since overlap can be both a 
cause and a consequence of interspecific competition 
(Holbrook & Schmitt 1989), and food niches may con- 
tract or expand in response to variations in prey abun- 
dance (Harmelin-Vivien et al. 1989). 

Responses to natural variation in prey availability 
may help explain why the diet breadths of Apogon fas- 
ciatus and more specialised species showed a n  inverse 
relationship: e.g.  where prey diversity and abundance 
are high, different species may adopt different feeding 
strategies (Harn~elin-Vivien et al. 1989). If, as seems to 
be the case, the feeding niche of A. fasciatus includes 
those of other species, the assemblage could include 
both specialists and generalists (Colwell & Fuentes 
1975). Given the potentially high food consumption by 
members of this community (e.g.  the removal of about 
50 % of the standing crop of gammarid amphipods and 
l 2  to 50 % of carid shrimps by Monacanthus chinensis 
in Posidonia australis beds; Conacher et al. 1979), the 
effects of resource depletion by predators should be 
examined in more detail. Although choice of habitats 
and foods by a fish species can be modified substan- 
tially by interspecific interactions (Werner & Hall 1979, 
Werner & Mittelbach 1981) - which may have impor- 
tant ecological and fisheries inlplications (Werner 
1980) - the significance and dynamics of such inter- 

actions remain almost unknown for most aquatic 
systems. 
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