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EXECUTIVE SUMMARY

The structure of fish communities in Port Phillip Bay was analysed by trawling at 22 depth-
stratified stations between 1990 and 1994.  Trawling was undertaken at depths of 7, 12, 17 and
22 m and differences between fish communities at each station were compared using Bray Curtis
dissimilarity indices, multidimensional scaling, ANOVA and MANOVA for the ten most
abundant species.  Stations formed four groups: a station in Corio Bay was distinct, all 7 m
stations formed a ÔshallowÕ group, all 22 m stations, three 17 m and one 12 m station formed a
ÔdeepÕ group, and the remaining 12 and 17 m stations formed an Ôintermediate depthÕ group.
These spatial differences in fish communities were similar to those of benthic communities and
sediment type.  Spatial variation in fish diets followed a similar pattern for several species of
fish.

Significant interannual differences in fish communities occurred but over the five year study
period these differences followed no trend, except for the increase in abundance of the little rock
whiting, a species whose spread appears to be linked to the spread of the exotic worm Sabella
spallanzanii.

Significant seasonal increases in the abundance of snapper, eagle rays and banjo rays occurred
during summer-autumn and of southern anchovy and pilchards during winter-spring.  These
seasonal increases are probably due to seasonal migration of these species into Port Phillip Bay.
Long-snouted flounder and greenback flounder appear to migrate into deeper Bay waters during
winter-spring and return to shallow waters during summer-autumn.

The diets of 35 species of fish were recorded in the four main depth regions in Port Phillip Bay.
The diets of many species differed between regions reflecting the different benthic communities
in each region.  Two species of recently introduced exotic organisms, the bivalve Corbula gibba
and the majid crab Pyromaia tuberculata, are now important items in the diets of many local
species of fish.  However no fish was observed to eat the abundant exotic worm Sabella
spallanzanii.

The pebble crab Philyra undecimspinosa was an extremely important prey for many species of
fish during the period of our sampling in March 1994.  The importance of this species at other
times remains to be determined.
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1.0  INTRODUCTION

The three major benthic habitat types in Port Phillip Bay are reefs, seagrass and soft sediments.
Reefs are restricted to the shallow perimeter (McShane et al. 1986) and seagrass (Heterozostera
tasmanica) is restricted largely to Swan Bay and regions shallower than 4-6 m in the Geelong
Arm (Bulthuis 1981).  Soft sediment habitats, consisting of fine sand and mud, are by far the
most extensive habitat in Port Phillip Bay (Beasley 1966).  This report to the Port Phillip Bay
Environmental Study (Task E8, Fish productivity) describes the distribution of fish and their
diets in this extensive habitat in Port Phillip Bay and identifies its major ecological sub-divisions.

Demersal fish are one of the most important resources in the Bay because of the popularity of
recreational angling and also because of the economic value of commercial fishing, which is worth
$2 million annually, excluding abalone and scallops. To ensure these valuable resources are
maintained in Port Phillip Bay it is important that fish stocks are monitored regularly. This
report summarises the first five years (1990-1994) of a monitoring program conducted by the
Victorian Fisheries Research Institute to detect long-term changes in fish communities in Port
Phillip Bay.  The influence of season, year, depth and location on the structure of fish
communities at 22 depth-stratified stations in the Bay are described.  In previous studies of the
distribution of demersal fish in Port Phillip Bay (Anonymous 1973) depth-related patterns were
not apparent because most samples were taken in depths near 15 m.

The diets of fish are described in detail as previous analyses of diets of fish in Port Phillip Bay
(Stroud 1975, Brown 1977, Edwards 1980, Winstanley 1983) have considered only a few species
from a limited depth range, and few of the prey were identified to species level.  The species
composition of the diets of all important demersal fish in the Bay are described to enable a food
web for Port Phillip Bay to be developed.  This food web is required for a variety of management
needs.  Those species of demersal fish most likely to accumulate toxins can only be identified
once the trophic structure is known.  While the direct effect of demersal fish on nutrient fluxes is
probably small, predation by fish may change benthic community structure and thereby alter
their capacity to remove nitrogenous nutrients from Port Phillip Bay (Wilson et al. 1993, Bird
1994).  The trophic structure also summarises many of the important interdependencies in the
Bay and will therefore assist in identifying factors responsible for changes to the ecology of the
Bay.  For example, it improves our ability to predict how benthic communities may change if the
abundance of a particular predatory fish were to change, and, conversely, it suggests which
species of fish may be most affected by a change in the abundance of a particular prey species.
A detailed food web also enables identification of those species which may be affected by the
addition of exotic species to the Bay.  By identifying those species which compete with, are
eaten by, or feed on the exotic species those species whose abundance may be most directly
impacted can be identified.

In addition to describing the distribution and diets of fish in Port Phillip Bay this report
synthesises these data together with published information on sediment characteristics and
benthic infaunal communities to develop an ecological classification of the soft sediment
communities in Port Phillip Bay.  This classification is required to define the boundaries of
ecologically similar regions so that a realistic trophic model of each region can be developed.
These models will be described in subsequent reports, but these same regions should prove useful
to define the geographic boundaries for nutrient and other models of Port Phillip Bay.
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2.0  METHODS

Fish were collected using a wing trawl net (47 m long, 13 m wing spread, 5m opening height and
45 m between trawl doors) at 22 depth-stratified stations in Port Phillip Bay (Figure 1) between
1990 and 1994.  Sampling stations were located on 6 transects perpendicular to the coastline.
Two trawl shots were taken at depths of 7, 12, 17, and 22 m on all transects except those in the
Geelong Arm where depths permitted trawling only at 7 and 12 m.  The duration of each trawl
shot was 5 minutes, measured from the time load cell clamps were attached until the winch
commenced the retrieval of the net.  Data obtained using a netsonde indicated that the net was
probably fishing for an additional 2 minutes during its retrieval.  A Furuno GP 500 GPS
Navigator connected to a colour video plotter was used for all position fixing and was accurate to
within 15-25 m in 95% of fixes.  Where inaccuracy exceeded 25 m due to intentional degradation
of the system (selective availability) this was obvious on the plotter.  The speed of the net across
ground, 2.1-2.5 knots, was estimated from the latitude and longitude at the start and finish of
each shot and the duration of each shot.  During 1990 stations were sampled at quarterly
intervals (26 Mar-9 Apr 1990, 25 Jun-10 Jul 1990, 17-21 Sep 1990, 10-17 Dec 1990), but in
subsequent years stations were sampled annually between late February and early April (18-25
Mar 1991, 16-20 Mar 1992, 30 Mar-7 Apr 1993 and 21-25 Feb 1994).  Fish were sorted on deck
and the number and total weight of each species was recorded.

2.1  Fish communities

Spatial and interannual differences between fish communities at the 22 stations were examined
using Bray-Curtis (B-C) dissimilarity measures (Bray and Curtis 1957).  The B-C dissimilarity
measure is given by the following relationship:

where nij = the number of the ith species in the jth sample, nik  = the number of the ith species in
the kth sample and  = dissimilarity between the jth and kth samples summed over all s species.
This dissimilarity measure was chosen because it is not affected by joint absences, it gives more
weighting to abundant than rare species, and it has consistently performed well in preserving
'ecological distance' in a variety of simulations on different types of data (Field et al. 1982, Faith
et al. 1987).  Double square root (=N_) transformations were applied to all data before calculating
B-C dissimilarity measures.  These transformations were made to prevent abundant species from
influencing the B-C dissimilarity measures excessively (Clarke and Green 1988, Clarke 1993).

Multidimensional scaling (MDS) plots were used to ordinate B-C dissimilarity measures.  MDS
translates a measure of similarity between measurements into 2 or more dimensional space so
that distances between measurements correspond closely to their input similarities.  While the
computational algorithm for MDS is complex the graphical representation is easily communicated
(Clarke 1993) and ecologically meaningful patterns are made more apparent (Gamito and Raffaelli
1992).  The PATN computer package (Belbin 1990a, b) was used for the non-metric MDS
ordinations used in this study.
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The goodness of fit of each MDS plot is given by its stress value.  Stress values <0.1 correspond
to a good ordination, values >0.1 and <0.2 are useable, but those near 0.2 may mislead and values
>0.2 are likely to yield plots that are dangerous to interpret (Clarke 1993).

The species which contributed most to differences between groups identified in MDS plots were
determined using the Kruskal-Wallis statistic.  This statistic was calculated for each species by
ranking all observations from highest to lowest, summing the ranks for each identified group and
calculating the statistic from the following equation:
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Where ni is the number of observations in the i th sample, i = 1,...,k, n = Σni, and Ri is the sum of
the ranks for the i th sample.

This statistic is most commonly used to determine the statistical significance of differences
between groups based on ranks.  Our use of this statistic follows Belbin (1990b and personal
communication) and provides no estimate of statistical significance but instead recognises that
this statistic increases monotonically as groups become more different.  Thus species with larger
K-W values will contribute most to B-C dissimilarity measures based on the same groupings.

Spatial and Interannual variation.   The mean biomass and number of individuals were
calculated for each species in the 10 shots taken at each station (2 shots/year  5 years) between
February and April for the 5 years between 1990 and 1994.  B-C dissimilarities were calculated
for all 22 stations and incorporated into MDS plots for biomass and numerical abundance.
Kruskal-Wallis values were calculated for each species to determine which species contributed
most to the observed differences between regions of Port Phillip Bay.

To determine the statistical significance of the station groups recognised in the MDS plot
Anosim (Clarke and Green 1988, Belbin 1990b) was used.  Anosim determines the probability of
the arrangement generated by the MDS plot by comparing the observed grouping of stations with
randomly labelled sets of stations that define an equal number of groups.  As the overall pattern
of four groups was significant two further pair-wise comparisons were made for the groups that
were the least different.  The significance of the separation between shallow and intermediate
regions and of intermediate and deep regions were tested separately.  As there was only one
station in the Corio Bay ÔregionÕ it was not possible to reliably calculate the significance of the
difference between this region and the shallow region.

To determine interannual variation the mean biomass and number of individuals of each species in
the two shots taken at each station between February and April for the 5 years between 1990
and 1994 were calculated.  B-C dissimilarity measures were calculated for all 110 plot*date (22
stations  5 years) combinations and incorporated into MDS plots for biomass and numerical
abundance.

To further examine the statistical significance of regional and interannual differences in fish
communities a two-way fixed factor multivariate analysis of variance (MANOVA) was
conducted using the 10 most abundant species by biomass.
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The MANOVA model was biomass (Sp1-10) = year  station, and biomass data for each species
was subject to double squareroot transformation to reduce heteroscedasticity.  The same model
was used to test the statistical significance of the four regions identified in the MDS and for
pairwise comparisons contrasting Corio Bay and the shallow region, the shallow and intermediate
region and the intermediate and deep region.  As there is uncertainty concerning the most
appropriate significance test to use in particular circumstances (Johnson and Field 1993) the
results of all tests were reported (Appendix 1).

Spatial and interannual changes in the biomass of the 10 most abundant species were also
examined using two-way fixed factor (year, station) analysis of variance (ANOVA).
Homogeneity of variance was examined using Cochran's test and heterogeneity removed for 6 of
the 10 species using a double squareroot transformation.  This transformation was used rather
than a log (N+x) transformation as it was consistent with the transformations used in MDS
plots, it avoided the need for an arbitary selection of x and because the results of analyses using
log (N+x) and double squareroot transformations are rarely distinguishable (Field et al. 1982,
Clarke and Green 1988).  There was a significant year*station interaction for 5 species.
Therefore for these species the significance of the differences between stations and years was
tested against the year*station interaction.  The year*station interaction was used as an error
term to test for significant differences between individual stations using Tukey's test.

Seasonal variation.   During 1990-1991 trawling was undertaken at the 22 stations at 3 monthly
intervals.  Baywide measures of seasonal change in fish communities were obtained using the
average biomass and number of individuals of each species collected from all 22 stations in
autumn 90, winter 90, spring 90, summer 90 and autumn 91.  Bray-Curtis dissimilarity measures
were calculated for all 5 seasons and incorporated into MDS plots for biomass and numerical
abundance.

Seasonal variation was also examined for the four regions identified using MDS plots, using the
average biomass of each species/shot in each region obtained for the 5 seasons between March
1990 and March 1991.  B-C dissimilarity measures were calculated for all 20 region*season (4
regions  5 seasons) combinations and incorporated into an MDS plot.  The major seasonal
differences occurred between summer-autumn and winter-spring.  To determine whether any of
these seasonal changes were due to movement of species between depth zones Kruskal-Wallis
values were calculated for each species for shallow vs deep regions for the most contrasting
seasonal groupings (summer-autumn vs winter-spring).

2.2  Analysis of fish diets

During late February 1994 the gut contents of 20 sand flathead and 10 individuals of all other
abundant species were analysed from fish collected at the 22 trawl stations (Figure 1).  Where
fewer than 10 individuals of a species were caught the gut contents of all those collected were
analysed.  Stomachs were removed from larger fish as soon as possible after capture and placed in
buffered formalin.  The body cavities of smaller fish were opened on the vessel to ensure formalin
penetrated quickly into their digestive system which was removed later in the laboratory.  While
fish were stored by shot on the vessel they were re-sorted by species in thelaboratory to increase
the speed and accuracy of the identification of stomach contents.
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The number and total volume of individual prey items in each stomach were recorded for each
prey species.  Volume was estimated by evenly spreading each prey item over graph paper next
to an L-shaped perspex segment of known height (1.5 mm, 2.5 mm, 4 mm or 6 mm) and counting
the number of 2 mm by 2 mm squares covered by the prey (Windell 1971).

Species of prey were identified by comparison with an extensive reference collection of benthic
invertebrates from Port Phillip Bay.  The identity of each species in the reference collection was
confirmed by Drs G. Poore (Crustaceans) and R. Wilson (Polychaetes) and Ms S. Boyd
(Molluscs) from the Museum of Victoria.

Regional differences in the diets were summarised for five species of abundant fish.  For each
species B-C dissimilarities were calculated from the percentage of fish containing a prey item at
each station and incorporated into an MDS plot.  Plots were only calculated for five species that
had both a high biomass and were numerically abundant - sand flathead, eastern shovelnose
stingaree, sparsely-spotted stingaree, globefish and spiny gurnard.  For each species only stations
where enough individuals were collected were included in the analysis.  For sand flathead only
stations where the stomach contents of 20 individuals were analysed were included, while for the
remaining species only stations where the stomach contents of between 8 and 10 individuals were
analysed were included.

3.0  RESULTS

3.1  Spatial differences between fish communities

Spatial differences in fish communities determined from MDS plots (Figure 2) were similar
whether biomass or numbers of individuals were used.  The stress values for the plots were
greater than 0.1 but less than 0.2 (Figure 2), indicating that the plot was useful, but that too much
reliance should not be placed on the details (Clarke 1993).  The stations formed 4 groups which
corresponded closely to different depth strata in Port Phillip Bay (Figure 1).  The four groups
were a ÔshallowÕ depth group which consisted of all the 7 m stations except for Corio Bay which
formed a distinct group, an 'intermediate' depth group consisting of all the 12 m stations (except
for that in Hobsons Bay) and three of the 17 m stations and a 'deep' depth group consisting of
the remaining 17 m stations, all the 22 m stations and the 12 m station in Hobsons Bay (Figures 1
and 2).  These station groups are subsequently referred to as the Corio Bay, shallow,
intermediate and deep regions.

The statistical validity of these groups was confirmed by Anosim and MANOVA using the 10
most abundant species.  Anosim indicated  that the probablility of the four groupings arising by
chance was <0.001 (no better representations occurred in 1000 random simulations).  Subsequent
pairwise comparisons of shallow and intermediate regions and of intermediate and deep regions
using Anosim gave probabilities of 0.001 and <0.001 respectively indicating that these groupings
were also distinct.  Significant differences between regions were also evident in two way (region
year) MANOVAs between all (4) regions and between the following pairs of regions, Corio Bay
and the shallow region, the shallow region and the intermediate region and the intermediate and
deep region (Appendix 1).
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Species making major contributions to the differences in abundance between the four regions were
identified by Kruskal-Wallis values (Table 1).  The Japanese goby, which was found only in
Corio Bay, made the greatest contribution to differences between regions (K-W value = 21.0,
Table 1).  Of the more abundant species, eastern shovelnose stingarees and globefish were
conspicuously less abundant in the deep region and in Corio Bay.  In contrast sand flathead and
spiny gurnard were less abundant at all shallow stations, including Corio Bay, but had a similar
abundance at all intermediate and deep stations.

The distribution patterns of many of the 30 most abundant species (Figures 3 and 4) reflected the
regional differences summarised in the fish community analysis in Figure 2.  The distribution
patterns of biomass of the 10 most abundant species were analysed more quantitatively (Table 2)
and showed similar patterns to those observed in the MDS plots (Figure 2).  Sand flathead were
significantly less abundant in the shallow region, eastern shovelnose stingarees and globefish were
significantly less abundant in the deep region, sparsely spotted stingarees were significantly less
abundant in Corio Bay and barracouta were significantly more abundant in the deep region (Table
2, Appendices 2 and 3).  The distribution patterns of the five remaining abundant species showed
no consistently significant differences between regions of Port Phillip Bay, although banjo rays
appeared to prefer the intermediate region.  Yank flathead were most abundant in Corio Bay and
eagle rays, snapper, smooth stingrays and barracouta were all most abundant in the deep region
(Table 2).  However, as CochranÕs test indicated that variances were heterogeneous for sand
flathead, snapper, smooth stingrays and barracouta, results for these species should be
interpreted cautiously.  The large variances in snapper and barracouta catches resulted from their
schooling behaviour and the large variance in smooth stingray catches resulted from their low
abundance (but very high biomass).  The heterogeneous variance of sand flathead resulted from
wide variation in catches at 12m and 17 m stations off Werribee where large catches of weed
periodically reduced the efficiency of trawling and consequently reduced the catches of all species
including the normally very abundant sand flathead.

The mean biomass of each species and the total biomass of fish differed between the four regions.
The total biomass of fish was lowest in Corio Bay and highest in the intermediate region (Figure
5, Appendix 2).  The biomass in the deep region was lower than in the intermediate region
primarily because of smaller catches of snapper and globefish in the deep region.  This difference
was partly due to one exceptionally large catch of snapper in the intermediate region (Figures 3
and 4).  The biomass of fish in the shallow region was lower than in the intermediate and deep
regions primarily because sand flathead were much less abundant at the shallow stations.

3.2  Interannual differences between fish communities

For the 10 most abundant species there were significant interannual differences in abundance for
eastern shovelnose stingarees (numbers only), sparsely spotted stingarees, globefish, snapper
(numbers only), banjo rays (numbers only), smooth stingrays and yank flathead (Appendix 4).
For eastern shovelnose stingarees, snapper and banjo rays, species in which significant
differences occurred in numbers only, differences were possibly the result of interannual changes
in recruitment success.  Variances in catches of smooth stingrays were heterogeneous so
differences between years may not be meaningful.  The other significant differences found for
sparsely spotted stingarees, globefish and yank flathead show no consistent trend between years
(Appendix 3).

The numerical abundance of all species varied between years, but very few species showed a
consistent trend over the 5 years (Table 3, Appendix 3).  Melbourne skate and crested flounder
were only found in 1990 and the abundance of the little rock whiting, a species found
predominantly in the Geelong Arm, increased significantly during the period 1990-1994
(Appendix 3).
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Long-term trends in fish community structure were also examined using MDS plots (Figure 6)
but no consistent temporal trend between stations was apparent.  Stress values associated with
these plots indicate that differences between stations approached a random distribution (Clarke
1993), although the spatial patterns apparent in Figure 2 can still be discerned.

3.3  Seasonal differences between fish communities

Seasonal changes in the numbers of individual species between autumn 1990 and autumn 1991 are
summarised in Appendix 5.  Seasonal differences in the community structure between autumn
1990 and autumn 1991 were examined using MDS plots for baywide (Figure 7) and regional
(Figure 8) changes in fish abundance.  Stress values for baywide and regional seasonal changes
were between 0.1 and 0.2 indicating that they provide a useful picture, but not too much reliance
should be placed on the details (Clarke 1993).  The largest seasonal differences appeared to occur
between summer-autumn and winter-spring (Figure 7) and as seasonal patterns appeared similar
in all four regions (Figure 8) most seasonal changes were probably the result of migration of fish
into and out of Port Phillip Bay rather than the movement of fish between regions.

Kruskal-Wallis values, calculated to determine which species contributed most to seasonal
changes in both shallow and deep regions for each species, indicated that five species were major
contributors to seasonal changes in both shallow and deep regions (Table 4).  Of these southern
anchovy were most abundant in winter-spring, while snapper, eagle rays and banjo rays were all
most abundant during summer-autumn in both shallow and deep regions.  As the abundance of
these four species increased in shallow and deep regions simultaneously changes in their
abundance was most probably the result of migration into the Bay.  In contrast long-snouted
flounder were most abundant in shallow regions during summer-autumn and most abundant in
deep regions in winter-spring (Table 4) which suggested that they migrate seasonally between
these regions.

There were a further 13 species which showed a pronounced seasonal change only in the shallow
or deep regions.  In the shallow region catches of mosaic leatherjackets, yank flathead, spiny
gurnard, sand flathead, butterfly gurnard, eastern shovelnose stingarees, six-spined leatherjackets
and cardinal fish were all greater during summer-autumn (Table 4).  Of these species mosaic
leatherjackets, six-spined leatherjackets and cardinal fish were rarely found in deep regions (Table
4, Appendix 5).  Catches of yank flathead, sand flathead, spiny gurnard, butterfly gurnard,
eastern shovelnose stingarees and red mullet did not differ greatly between seasons in the deep
region and we suspect that seasonal changes in catches of these species in the shallow region were
due primarily to seasonal growth of the 0+ age-class in shallow water which made this cohort
most susceptible to trawling during summer-autumn.

In deep regions catches of common gurnard perch and seven-gilled sharks were greatest in
summer-autumn, while catches of pilchards, greenback flounder and toothbrush leatherjackets
were greatest in winter-spring.  Neither common gurnard perch nor seven-gilled sharks were
caught in shallow regions during winter-spring (Table 4, Appendix 5) so it appears that these
species migrate into the Bay during summer-autumn.  Pilchards were not caught in the shallow
region during summer-autumn and it is clear that this species, like the southern anchovy, migrates
into the Bay during summer-autumn.
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The large seasonal change in toothbrush leatherjackets in the deep region may be the result of
seasonal changes in growth changing the susceptibility of the 0+ age-class to trawling because this
species was mostly found in shallow regions where seasonal changes in abundance were less
conspicuous (Table 4).  The abundance of greenback flounder was greatest in the deep region
during winter-spring and greatest in the shallow region in summer-autumn (Appendix 5).  This
suggests that the greenback flounder shows a similar seasonal migration between depth zones as
the long-snouted flounder.

3.4  Fish diets

The diets of 35 of the most abundant species of fish in Port Phillip Bay are summarised for each
of the four regions in the Bay in Table 5.  Most of the previously published information on diets
of fish in Port Phillip Bay only distinguish between prey items at broad taxonomic levels and so
limit the detail with which comparisons can be made with our data.

Analysis of the stomach contents of 400 sand flathead indicated they primarily consumed
crustaceans (45-67%), molluscs (16-31%, 3% Corio Bay) and polychaetes (0-10%) in the
shallow, intermediate and deep regions.  Fish (87%) was the principle diet in Corio Bay.  These
data are similar to those found by Andrews (1988) who analysed stomach contents of 545 sand
flathead taken from 6 stations, all at 15 m depth, collected at approximately monthly intervals
between October 1984 and December 1985.  He found that diets consisted of 38% crustaceans,
22% fish, 21% molluscs and 15% polychaetes.  However some differences between the prey
species consumed in both studies were apparent.  Andrews (1988) found that the spider-like crab
Halicarcinus rostratus was the most important prey item (22% by volume) while the pebble
crab Philyra undecimspinosa was relatively unimportant (2% by volume).  In our study P.
undecimspinosa was the most important prey particularly in the deep region (6-37%, by volume,
excluding Corio Bay) and H. rostratus was relatively unimportant (3-11%, by volume).  The
opisthobranch mollusc Philine angasi was similarly important in both studies (14% vs. 3-11%)
as was the scallop Pecten fumata (5% vs. 6% in the intermediate region).

Analysis of the stomach contents of 151 eastern shovelnose stingarees indicated that they
primarily consumed polychaetes (83-96%).  Earlier studies by Stroud (1975) of the gut contents
of 59 fish trawled at 16 stations, mostly in depths near 15 m during April 1975, also indicated
polychaetes were the dominant prey (59% by volume) but he found actinarians were also
important.  Stroud (1975) recorded Glycera, Clymenella, and oligochaetes (which were probably
misidentified Lumbrineris) which were three of the four most important prey in our study.
Artacamella dibranchiata, the second most important prey in our study, was not recorded by
Stroud (1975) and recent benthic surveys suggest that the abundance of this species has increased
markedly in Port Phillip Bay since the 1970s (Currie et al. in prep.).

Analysis of the stomach contents of 55 eagle rays indicated that they mainly consumed
crustaceans (6-92 %), ascidians (0-47 %) and molluscs (4-92 %). There were large differences in
diet between fish taken in different regions of the Bay, although, because of the small number of
stomachs analysed, it is unclear whether these differences reflect regional or temporal differences.
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Analysis of the stomach contents of 209 sparsely spotted stingarees indicated they consumed
mostly crustaceans (74-94 %), except in Corio Bay where mostly polychaetes (53 %) were
eaten.  Earlier studies of the diet of sparsely spotted stingarees (Stroud 1975, Edwards 1980) also
found that crustaceans were the main prey for this species.  Stroud (1975) analysed the stomach
contents of 101 fish trawled in April 1975 at 16 stations, mostly near 15 m depth, and found
crustaceans comprised 76% of the prey by volume.

Edwards (1980) analysed stomach contents of 120 fish collected during 1977 near Werribee at a
depth of 6 m and found crustaceans comprised 35-90% of prey by dry weight, although
crustaceans were less important and polychaetes more important in larger fish.  The major prey
species recorded in our study were the pebble crab P. undecimspinosa, the amphipod Byblis
mildura, and the crabs Phlyxia intermedia and Halicarcinus rostratus.  Stroud (1975) also found
Byblis, P. intermedia, H. rostratus and H. ovata were common prey but he did not record P.
undecimspinosa, the most important prey in our study.

Analysis of the stomach contents of 181 globefish indicated that they mainly consumed molluscs
(34-64%, excluding Corio Bay) and crustaceans (32-49 %), however the echinoid Echinocardium
cordatum was important in Corio Bay (58%).  Molluscs and crustaceans were also the major
prey for this species in eastern Bass Strait (Parry et al. 1990).  The most important prey for
globefish, particularly in deep regions, was the exotic bivalve Corbula gibba.

Analysis of the stomach contents of 67 snapper indicated that they mainly consumed molluscs
(0-42% by volume), crustaceans (28-63%) and fish (21-26%).  Differences in diet were apparent
between regions but as the number of fish analysed was small it is difficult to be certain that
differences reflected real spatial differences.  Winstanley (1983) recorded percentage occurrence
of prey in the stomach contents of 427 snapper, most of which had been caught by anglers over
reefs between 1946-1956.  He found that molluscs (30-70% occurrence), particularly Philine
angasi, Electroma georgiana and mussels (Mytilus edulis planulatus), crustaceans (15-45%
occurrence) and fish (10% occurrence) were the main components of the diet and that
polychaetes were only important for small fish (<30 cm).  In our studies P. angasi, E. georgiana
and fish remained important but Philyra undecimspinosa was also important, particularly in deep
water.  No M. edulis planulatus were found in the stomachs of fish we examined, but most of our
sampling stations were distant from reefs.

Analysis of the stomach contents of 83 banjo rays indicated they mainly consumed crustaceans
(60-97% by volume, excluding Corio Bay where only 2 fish were caught) but also fish (0-30%,
excluding Corio Bay).  Philyra undecimspinosa was the most abundant prey species, particularly
in deep regions.

Analysis of the stomach contents of 100 yank flathead indicated that they consumed
predominantly fish, including spiny gurnard and sandy sprat.
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Analysis of the stomach contents of 166 red mullet indicated that this species consumed
predominantly crustaceans (31-77%), polychaetes (11-39%) and fish (4-28%).  The most
abundant prey species were isopods (Sphaeromid spp.) in shallow regions and the amphipod
Byblis mildura in deep regions.  However, small amounts of a large number of species of
crustaceans were consumed.

Analysis of the stomach contents of 28 elephant shark indicated that this species consumed
predominantly molluscs (28-64%) and crustaceans (6-35%).  The most important molluscs in the
diet were the bivalves Anadara trapezia, Corbula gibba (an exotic species) and the scallop Pecten
fumata.

Analysis of the stomach contents of 165 spiny gurnard indicated that this species consumed a
large number of species of crustaceans (94-100%).  The most important species in the diet were
the amphipod Byblis mildura, the isopod Heteroseriolis australiensis, the crabs Phlyxia
intermedia and Philyra undecimspinosa and the mysid Tenagomysis sp1.

Analysis of the stomach contents of 38 long-snouted flounder indicated that this species feeds
predominantly on echinoderms and polychaetes.  The greenback flounder (N=107 stomachs)
consumed predominantly crustaceans and polychaetes.  Polychaetes (56%) were mostly
consumed in shallow regions and crustaceans were mostly consumed in deep regions (95-100%).
The most important prey of greenback flounder was the amphipod Byblis mildura.

Analysis of the stomach contents of 56 King George whiting indicated that the most important
prey were polychaetes, echiurans and crustaceans, although echinoderms and molluscs were
important locally or periodically.

It is clear from Table 5 that diets of many species of fish differed between the four regions of
Port Phillip Bay.  To illustrate spatial variation in diets the habitats of all prey species that were
eaten by at least 6 species of fish were classified as: shallow, shallow-intermediate depth,
intermediate depth, intermediate-deep depths and widely distributed, based on data in Poore et
al. (1975) (Table 6).  Pecten fumata and Artacamella dibranchiata which were consumed by less
than six species of fish and other prey species not recorded by Poore et al. (1975) but which
were consumed by at least six species of fish are also included in the Table 6.  Prey were most
frequently found in the stomachs of fish caught in the same habitat type.  For example, the crab
Litocheira bispinosa was usually found in shallow regions and it was only a common component
of the diet in fish feeding in shallow regions (Table 6), whereas the polychaete Goniada cf.
emerita is usually found in deep regions or regions of intermediate depth and it was in regions of
intermediate depth that this prey item was most frequently found in the diets of fish.  The only
exception to the above correlation between spatial distributions of prey and their spatial
representation in diets was Philyra undecimspinosa.  Poore et al. (1975) indicated that P.
undecimspinosa was found mainly in shallow regions and regions of intermediate depth, but in
our study it was generally most abundant in fish taken from deep regions (Table 6).

These spatial differences in diets were evident for all fish species in which enough stomach
contents were examined from each region.  For example, sand flathead consumed more fish in
Corio Bay than in other regions, while in shallow regions Nectocarcinus integrifrons, Onuphid
sp.1 and Litocheira bispinosa were the most important prey.
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In regions of intermediate depth Phlyxia intermedia, Halicarcinus rostratus, cephalopods and
scallops (P. fumata) were the most important prey whereas Philyra undecimspinosa was most
important in deep regions.  These differences in diet reflect the known distributions of these prey
(Poore et al. (1975), Table 6) except for P. undecimspinosa.

Spatial differences in the diets of more abundant fish species were illustrated using MDS plots
(Figure 9).  Sand flathead diets showed no clear depth-related gradient in diet despite some
differences evident in Tables 5 and 6.  Most prey species were eaten at all depths or at only one
depth.  The clearest difference in sand flathead diets between regions was for Corio Bay (Figure
9) where fish were an unusually high component of their diet (Table 5).  Eastern shovelnose
stingarees in Corio Bay and the shallow region appeared to feed on different prey from those in
the intermediate and deep regions where dietary differences were minimal (Figure 9).  These
differences reflect the large amount of Terebellides sp.1 eaten in Corio Bay, the presence of
shallow habitat prey in fish from shallow regions (e.g. the polychaete Onuphid sp.1 and the
echiuran Anelassorhynchus porcellus) and of deeper habitat prey in the diets of fish from
intermediate and deeper regions (e.g. Artacamella dibranchiata, Philyra undecimspinosa, and
Byblis mildura, Tables 5 and 6).  The diets of sparsely spotted stingarees from shallow regions
differed from those in deeper regions and possibly from those in regions of intermediate depth
(Figure 9).  These differences were due partly to shallow habitat species (Onuphid sp.1 and the
crab Nectocarcinus integrifrons) occurring only in fish from shallow regions, but differences in
diets between regions were largely the result of changing proportions of particular prey in regions
of different depth (Table 5).  Similarly the diets of globefish in shallow regions differed from
those in deeper regions largely as a result of changing proportions of the same prey in regions of
different depth (Table 5).  Spiny gurnards showed minimal variation in diet between regions
(Figure 9), and both the prey consumed and their quantities were similar at all depths (Table 5).

The prey species recorded for all species of fish included in our study are summarised in Table 7.
This table enables the rapid identification of all predators of a particular prey and indicates which
prey are important for a number of species of fish.  During our survey it was clear that the
pebble crab Philyra undecimspinosa was an extremely important food for a large number of
species.

4.0  DISCUSSION

The geographic patterns of spatial differences in fish communities (Figure 2) were very similar to
patterns seen in benthic community structure and in sediment type (Figure 10).  The fish
communities that occurred in the Ôdeep regionÕ corresponded with benthic communities classified
as ÔCentral mudÕ communities by Currie et al. (in prep.) and with sediments classified by Beasley
(1966) as clay with various amounts of sand and silt (Figure 10).  Similarly fish communities that
occurred in the Ôintermediate regionÕ corresponded closely with the ÔIntermediate sedimentÕ
communities of Currie et al. (in prep.) and with sediments classified as silty sand and clayey sand
by Beasley (1966).  The fish communities that occurred in the Ôshallow regionÕ corresponded to
the ÔHigh diversity sandsÕ community described by Currie et al. (in prep.) and the sediments
classified as sand by Beasley (1966).  Corio Bay, which had a distinctive fish community (Figure
2), appeared to have less distinctive benthic communities and sediments, both of which resemble
those in the deep central basin (Figure 10).
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However benthic communities in Corio Bay may have changed since 1988 due to the
establishment of the exotic polychaete Sabella spallanzanii (Parry, unpublished data).  The
classification of benthic communities undertaken by Currie et al. (in prep.) was based on benthic
surveys conducted in the early 1970s (Poore et al. 1975), before this exotic species became
established.  Currie et al. (in prep.) recognised a further two benthic community types, Ôlow
diversity sandsÕ and Ôseagrass habitatsÕ, but fish communities were not sampled in either of these
habitats.

Currie and Parry (1995) sampled benthic communities along a 600 m transect perpendicular to
the coast near St Leonards and found a remarkably sharp gradient in benthic communities and
sediment type along a 300 m distance over a change in depth from 14 to 16 m.  The number of
species and number of individuals decreased several fold along this gradient.  Whilst the ecological
gradient near St Leonards is probably sharper than elsewhere due to the sharper than usual depth
gradient, it is at approximately this depth that a transition appears between distinctive shallow
and deep faunas.  The fish communities characteristic of the intermediate region were not
particularly distinct from either shallow or deep regions but rather they formed a transitional
region between quite distinct faunas at the two extreme depths.  This was reflected in the
different boundaries recognised by different species.  Sand flathead decreased in abundance near
the shallow-intermediate boundary while eastern shovelnose stingarees decreased in abundance
near the intermediate-deep boundary (Table 2).

Differences in the diets of fish between regions (Tables 5 and 6) supported the ecological
boundaries suggested above.  The distinctiveness of Corio Bay was supported by the different
diets of sand flathead and eastern shovelnose stingaree in this region compared with elsewhere in
the Bay (Table 5, Figure 9).  The distinctiveness of shallow and deep regions was further
supported by the differences in the diets of eastern shovelnose stingaree, sparsely spotted
stingarees and globefish (Tables 5 and 6, Figure 9) between these regions.  However, the diets of
sand flathead, eastern shovelnose stingaree, globefish and spiny gurnard showed only minimal
changes in water deeper than 7 m.  The distribution of the preferred prey of these species is
likely to be an important factor in determining the depth distribution of fish species.  For
example, the absence of sand flathead and spiny gurnard from shallow water may reflect a lack of
suitable prey at these depths.  Spiny gurnards fed mostly on Byblis mildura (Table 5) which
occurs primarily in intermediate-deep regions (Table 6).  While the intermediate-deep distribution
of spiny gurnards may be determined by the distribution of their major prey, establishing a causal
relationship requires experiments beyond the scope of this study.

Trends in fish abundance over the 5 years of this study were minimal except for a clear increase
in the abundance of the little rock whiting in the Geelong Arm (Appendix 4, unpublished data).
This was probably the result of the spread of the exotic polychaete Sabella spallanzanii during
this 5 year period.  The little rock whiting is typically found swimming amongst Sabella tubes
(Parry, personal observations), but neither little rock whiting nor any other species of fish
appeared to eat Sabella (Table 7, unpublished data).  In contrast two exotic species that have
established in Port Phillip Bay in recent years, the bivalve Corbula gibba and the majid crab
Pyromaia tuberculata, were eaten by several local species of fish (Table 7).  C. gibba was eaten
by 9 species of fish and this prey now comprises more than half the diet of globefish in deep
regions (Tables 5 and 6).  P. tuberculata is now eaten by 8 local species of fish.
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The effect of these exotic species on fish communities are difficult to discern but they may
account for an increase in globefish abundance in deeper regions of Port Phillip Bay between
1970 and 1990 (Hobday, in prep.).

Seasonal changes in fish communities noted in this study need to be interpreted with some
caution as our study of ÔseasonalÕ changes spanned only one year.  Some changes deemed
seasonal may be merely periodic changes.  However the seasonal migration of snapper into Port
Phillip Bay during spring and their departure during late autumn (Table 4) has been well-
documented previously (Winstanley, 1981).  Our data (Table 4) also suggest that eagle rays,
banjo rays and probably common gurnard perch and seven-gilled sharks have similar seasonal
migration patterns to snapper as all were most abundant in the Bay during summer-autumn.  In
contrast southern anchovy and pilchards were most abundant during winter-spring.  Winstanley
(1979) has previously described the seasonally high abundance of pilchards in the Bay between
May and August.  Winstanley (1979) also noted that southern anchovies spawn in estuaries
during summer and that two and three year old southern anchovies are known to migrate out of
Lakes Entrance and Western Port during summer.  While these migrations have not been observed
in Port Phillip Bay (Winstanley, 1979), the relatively low catches of southern anchovies during
summer-autumn in our study suggests that a similar migration out of Port Phillip Bay may well
occur.  The long-snouted flounder and probably the greenback flounder appear to migrate into
deeper Bay waters during winter-spring and return to shallow water during summer-autumn.
These patterns of migration would explain the higher commercial catches of ÔflounderÕ (both
species combined) in shallow regions of Port Phillip Bay during summer (Hall and McDonald,
1986).

Different species of fish were expected to feed on different prey so it was remarkable to note the
extraordinary importance of the pebble crab Philyra undecimspinosa in the diets of so many
different species of fish, particularly in deep regions.  P. undecimspinosa was the most important
item in the diet of 8 of the 35 fish species examined in this study, including 5 of the 8 most
abundant species (Table 7).  This unexpected result is even more remarkable because during the
early 1970s P. undecimspinosa was found most commonly in shallow regions and in regions of
intermediate depth.  It seems that the deep regions of Port Phillip Bay have become a more
suitable habitat for this species since the 1970s or, alternatively, that P. undecimspinosa migrates
into deep water seasonally and becomes temporarily very vulnerable to a wide range of
predators.  It should be possible to determine which of these alternatives is most likely on
completion of our further studies on seasonal changes in diets and completion of PPBES funded
benthic studies of Port Phillip Bay.
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Figure 10. (a) Location of trawl sampling stations and classification of fish communities at these
stations into four regions based on multidimensional scaling (MDS) plots (Fig. 2). (b) MDS
ordination of benthic community types based on of data collected at 86 stations in the 1970Õs by
Poore et al. (1975) (described by Currie et al., in prep.). Stations are classified as:  Low diversity
sands,  High diversity sands,  Intermediate sediments,  Central muds. Shaded squares and
triangles are seagrass habitats. (c) The sediment distribution (from Beasley, (1966)) and 10 and
20 m depth contours are shown. The location of the benthic sampling stations in (b) are shown as
dots in (a) and (c).














































































