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Abstract 

The exotic mosquitofish, Gambusia holbmoki Girard, has become established in 
fresh­water systems on sand islands of high conservation significance off the coast of 
southeast­ern Queensland, Australia. These freshwater systems support indigenous fish 
species with very restricted distributions and the mosquitofish has been listed as a 
threat to at least three rare species. This paper records the diet of G. holbrooki in an 
oligotrophic dune lake and explores the potential for competition for food between the 
mosquitofish, the Ornate Rainbowfish, Rhadinocenlnts ornatus (Melanotaeniidae), 
and the Firetail Gudgeon, H.ypseleotris galii (Eleotrididae). There was a high degree of 
similarity in mean population diets of R. ornatus and G. holbrooki (overlap index=0.83), 
moderate dietary overlap be­tween G. holbrooki and H. galii (overlap index=0.49) and 
low dietary overlap between R. omalu.s and H. galii (overlap index=0.18). In some 
months, the mosquitofish switched to feeding on aquatic invertebrates normally 
consumed by gudgeons, and levels of dietary overlap between these species increased 
markedly. The capacity of G. holbrooki to feed opportunistically on a wide variety of 
aquatic prey, confirmed again in this study, could ex­ert a significant pressure on smaU� 
populations of both indigenous fishes. Of the two spe­cies studied here, the restricted 
Ornate Rainbowfish appears to be particularly vulnerable to the effects of dietary 
interactions with the mosquitofish. 
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1986). The mosquitofish has been listed as one of the threats to these rare 
species (Wager and Jackson 1993). 

The mosquitofish is a very tolerant, competitive species with flexible feed­

ing and habitat requirements and a range of behaviors that may adversely 
affect other fishes (Arthington and Lloyd 1989; Meffe 1985). Previous research 
on the diet of the mosquitofish in Brisbane streams (Arthington 1989) has in­
dicated the potential for high levels of dietary overlap with fishes indigenous to 
Australia, especially small species with similar foraging behavior. This paper 
examines the diet of the mosquitofish and the potential for competition with 
two indigenous fishes in an extremely oligotrophic dune lake. One of these 
species, the Ornate Rainbowfish (Rhadinocentrus ornatus Regan; 
Melanotaeniidae), has been classified as "restricted" and is vulnerable to habi­
tat loss and water pollution (Leiper 1985; Wager and Jackson 1993). It has 
been suggested that additional pressure in the form of resource competition ex­
erted by G. holbrooki may be a deciding factor in the fate of small populations 
(Leiper 1984). 

Study Area 

Blue Lake is situated within a small National Park near the east coast of 
North Stradbroke Island, southeastern Queensland (Fig. 1). It is an oligotro­
phic water-table window lake of exceptional water clarity (Secchi disc depths of 
up to 11 m), low pH (4.9-6.5) and very low conductivity (81-91µ8 cm·') 
(Bensink and Burton 1975). There are relatively few lakes of this type in the 
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Fig. 1. North Stradbroke Island, southeastern Queensland. 
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Fish caught during each seine haul were identified and assigned to abun­
dance ranks, and the numbers required for laboratory study removed and stored 
on ice in an esky. Most of the other fish were returned to the water alive. 

Diet composition 

Freshly-caught fish were stored on ice and then frozen until they were 
measured and dissected. The standard length of all fish was measured to the 
nearest millimeter using Vernier callipers. Whole guts were removed and their 
contents emptied into a Petrie dish. Gut contents were separated into 27 food 
categories. Since gut volumes and food items were generally too small to per­
mit rapid volumetric or calorific analysis of the diet, an approximation of the 
volumetric method of Hellawell and Abel (1971) was used. The items within 
each food category were firmly squashed together to a depth approximating 
1mm and the area of each squash measured in mm2• This method resembles 
the indirect volumetric method of Hyslop (1980), which has been estimated as 
having an error of about 3.5%. It has been used successfully in other studies 
on the dietary ecology of small fish species (Arthington 1992; Pusey 1992). 

Statistical analysis 

Fish guts with a fullness index of >20% were used in statistical analyses 
of diet composition and dietary overlap. Empty and near-empty guts were ex­
cluded to avoid bias in the estimation of diet diversity and proportional contri­
butions of prey. The quantitative importance of each food type in the diet of 
each fish species was expressed as the mean proportional contribution of a cat­
egory of food to the diet of all fish in a sample (defined by sampling site and 
date), and as the incidence of each food category expressed as the number and 
proportion of fish consuming it. 

Fish diets were also described by the Shannon-Weaver indices of diversity 
and evenness; the proportional contribution of unidentified material was ex­
cluded from the latter calculations. Shannon-Weaver diversity was used as a 
measure of dietary niche breadth (after Pusey 1992). 

Seasonal comparisons of diet composition and overlap in Blue Lake fish 
were based on 20 or more individuals of the three fish species. In order to 
provide larger sample sizes for analysis of dietary overlap, the data for indi­
vidual sampling dates were collapsed down into 1990 and 1991 collections, on 
the basis of similarities in diet composition within each of these six-month 
periods. 

Seasonal and inter-annual variations in diet composition were examined by 
ordination of the mean diet of each species on each sampling occasion, using 
Detrended Correspondence Analysis (DECORANA) (Hill 1979). Unidentified 
material was excluded from this analysis and the mean diet adjusted to 100% 
prior to analysis. All options in this analysis were set to the default. Mean diet 
composition of each fish species on each sampling occasion was plotted in the 
ordination space defined by the first two principal axes; the positi,,n of each 
food category w·as also plotted in the same ordination space. 







Table 2. Composition of the diet of H. galii from Blue Lake in 1990-1991. 

Food Categories Mean S.E. Incidence Proportion 
1990 1991 1990 1991 1990 1991 1990 1991 

Aquatic 

Crustacea 
Copepoda 0.0516 0.0276 0.050 0.042 29 10 0.23 0.08 
Cladocera 0.1795 0.1167 0.090 0.095 71 37 0.56 0.29 
Decapoda 
C01·idi11a sp. 0.1300 0.3796 0.115 0.185 21 55 0.17 0.43 

Insecta 
Trichoptera, larvae 0.0249 0.0686 0.050 0.094 7 13 0.06 0.10 
Chironomidae, larvae 0.2148 0.3092 0.098 0.160 73 60 0.57 0.47 
Chironomidae, pupae 0.0230 0.1080 0.041 8 0.06 

Other aquatic invertebrates 0.0301 0.0297 0.045 0.058 12 7 0.09 0.05 
Filamentous algae 0.0218 0.0013 0.044 0.006 6 1 0.05 O.Ql

Terrestrial 
Insecta 

Diptera 0.233 0.0088 0.051 0.034 4 2 0.03 0.02 
Other Insecta 0.0128 0.0530 0.024 0.019 7 2 0.06 0.02 

Plants 

Other plant tissues 0.0026 0.012 1 0.01 

Mixed aquatic and 
terrestrial material 

Acarina 0.0755 0.0375 0.050 0.048 53 22 0.42 0.17 
Unidentified Insecta 0.0017 0.007 1 0.01 
Unidentified material 0.2110 0.0130 0.108 0.026 60 6 0.47 0.05 

diversity = 0.9128; evenness = 0.6614; S.E. = standard error 

..... 
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H. galii in both years of study and in each month of survey except December

1990 (Table 3).

Diet of G. holbrooki 

The diet of G. holbrooki in Blue Lake was composed of aquatic inverte­

brates, filamentous algae, terrestrial Insecta, Arachnida, fragments of fruit and 
other plant tissues (Table 4). As for R. ornatus, over 50% of the diet in both 

years was comprised of items found at the water's surface (aquatic prey such 
as chironomid pupae, Arachnida and terrestrial insects). There was inter-an­

nual and monthly variation in the mean diet of G. holbrooki. Copepoda, 
Cladocera, Formicidae and unidentified aquatic and terrestrial insects made up 
a greater proportion of the diet in 1990, whereas filamentous algae, Trichoptera 
larvae, adult Diptera and Arachnida were more important in 1991. However, 

the dominant dietary item in both years was adult Diptera (>20%). Overall, G. 
holbrooki had the most diverse diet among the species found in Blue Lake 

and indices of diversity were higher than those recorded for R. ornatus in all 

months except in May 1990, and in March and May 1991 (Table 4). 

Comparison of fish diets 

The similarities and differences and the seasonal variations in fish diets in 
Blue Lake are further clarified in the ordination plot of individual species' diets 

on each monthly sampling occasion (Fig. 3a). Axes 1 and 2 accounted for 

60.11% and 19.34%, respectively, or a total of 79.45%, of the explained varia­

tion in diet composition and hence are the only ones plotted. The distribution 

of food categories in the same ordination space is shown in Fig. 3b. 
Axis 1 of the ordination clearly separates H. galii from R. ornatus and G. 

holbrooki, largely on the basis of the gudgeon's consumption of aquatic inver­

tebrates, which are arrayed to the right of Axis 1 in ordination of prey taxa in 
Fig 3b (i.e. Acarina, Cladocera, Copepoda, chironomid larvae, Caridi,ia sp., 
Trichoptera larvae and other aquatic invertebrates). The high degree of similar­
ity in the diets of R. ornatus and G. holbrooki is shown clearly by the cluster 
of points representing the diets of these two species in ordination space (Fig. 

3a), driven by the consumption of terrestrial insects, Araneae, chironomid pu­
pae, plant parts and filamentous algae (Fig. 3b). 

A further comparison of dietary similarity was achieved by calculation of 

indices of dietary overlap for the entire study period (Table 5). Over all sam­

pling occasions, there was a high degree of similarity in the population diets of 
R. ornatus and G. holbrooki (overlap index=0.83) and very low overlap be­
tween R. ornatus and H. galii (overlap index=0.18). Mean overlap between G.

holbrooki and H. galii was somewhat higher (0.49) as a consequence of the

higher diet diversity in the Mosquitofish and, hence, the consumption on some

occasions of certain aquatic taxa which are normally the province of H. galii

(Table 5).

A more detailed analysis computed indices of overlap between fish species 

pairs for each sampling occasion. Levels of dietary overlap between R. ornatus 
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Table 5. Jackknifed estimates (±:95% c.i.) of Morisita's index of dietary overlap 
for fish species pairs in Blue Lake, 1990 - 91 (all data combined). 

G.h. H.g. R.o. 

G.h. 0.49 0.83 
±0.08 ±0.06 

0.18 

H.g. %0.05 

G.h. = G. holbrooki (275 individuals), H.g. = H. galii (260 individuals), R.o. = 
R. ornatus (275 individuals).
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Fig. 3. a) Ordination plot 
of spatial and temporal 
variation in diet.s of fish 
from Blue Lake, 1990-
1991. Each point repre­
sents the mean diet of 
each species collected on 
a particu lar date to 
demonstrate the seasonal 
spread of variation in diet 
composition. b) Ordina­
tion plot of prey taxa with 
taxon groups indicated. 

and G. holbrooki varied with time of year and were >0.6 on all sampling oc­
casions except in July, November and December 1990, and January 1991 (Fig. 

4a). At these times, and in May 1991, the diets of G. holbrooki and H. galii 

showed greater similarity, with exceptionally high indices of overlap for this 
species pair in December 1990 and May 1991. R. ornatus and H. galii in con­

trast had very dissimilar d iets and low indices of dietary overlap in all months 
of 1990 and 1991 (<3.6 1:o as low as 0.01; Fig. 4a). 'the endemic species con­
sistently partitioned food resources despite seasonal and temporal variations in 

dietary diversity (Fig. 4b). 














