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ABSTRACT: The benthic infauna in 3 areas along 50 km of the coast of Victoria, south-east Australia,
was investigated. Grab samples (0.1 m?] were collected from a depth range of 11 to 51 m at 12 to 14 sites
within each area. Sediments at the sample sites were medium to coarse sand. The distribution of the
fauna was related to depth and sediment type. Numbers of individuals and species increased as depth
increased and as sediments became more poorly sorted. Species diversity, H', increased as sediments
became more poorly sorted. Species diversity and evenness, J', were greatest at intermediate values for
mean grain size. The fauna was extremely species rich. The 104 samples (= a total sample area of
10.4 m?) yielded 60258 individuals and 803 species. Few species were highly abundant and 51 % of
species collected are apparently undescribed. The data show that species richness may be as high in

shallow water as in the deep sea.
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INTRODUCTION

The diversity of deep-sea benthic communities has
long been appreciated. Hessler & Sanders (1967) noted
that the paucity of animals in early deep-sea samples
had given the false impression that diversity was low.
Sanders (1968) analysed larger samples using rarefac-
tion methods to estimate total species numbers. He
found that ‘the deep-sea benthic fauna appears to pos-
sess a relatively high diversity of the same general
order as that present in the tropical shallow seas’ and
greater than that of temperate shelves. More recently,
Grassle & Maciolek (1992) also concluded, on the basis
of quantitative samples from depths of 1500 to 2500 m,
that species richness was higher on the continental
slope than on the adjacent shelf of the north-west
Atlantic Ocean. They generalised this finding to sug-
gest that, outside of the tropics, shallow-water marine
communities have relatively few species when com-
pared with deep-sea communities. The assertion that,
in temperate areas, species richness is particularly
high in deep-sea communities has, however, been
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questioned. Poore & Wilson (1993) showed that Grassle
& Maciolek's deep-sea data were atypically low on a
global scale and suggested that shelf faunas of south-
east Australia are also rich in species. Further, Gray
(1994) found that the same number of species as found
by Grassle & Maciolek in the deep sea can be captured
with fewer individuals on the Norwegian shelf.

During the late 1980s a number of companies ex-
pressed interest in establishing a pulp and paper mill in
East Gippsland, Vicloria, south-east Australia. Effluent
from the mill would be discharged into Bass Strait. Fed-
eral government guidelines require baseline and poslt-
impact monitoring studies to be undertaken at the dis-
charge and at 2 control sites in areas that are to receive
pulp mill effluents. Previous, but very limited, sampling
in the area had suggested that the fauna was extremely
diverse (Parry et al. 1990). The present study was un-
dertaken to provide preliminary quantitative data on
distribution, abundance and seasonal variation in the
benthos that could be used to plan subsequent work.
The study provided these data (Coleman 1996) but also
showed the area to be one of extreme species richness,
and so is relevant to recent discussions on marine spe-
cies richness (Grassle & Maciolek 1992, Gray 1994).
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METHODS

Survey area and design. East Gippsland (area
27861 km?, population 67000) is a sparsely populated
rural area fringing Bass Strait in Victoria, south-east
Australia (Fig. 1). The major industries are timber
(logging and saw-milling), agriculture, fishing and
tourism. At present there are no sewage or effluent dis-
charges from any part of the coast in this region.

The two most likely areas for effluent discharge from
a mill to Bass Strait are off Waygara (Site W), west of
the mouth of the Snowy River, and between Point
Ricardo and Cape Conran (Site C). Both areas were
sampled. A third area, east of Lake Tyers (Site T), was
also sampled, thus making provision for a second con-
trol site should one of the other two become the impact
site (Fig. 1).

Each area was defined by a 10 km square. Each
square was stratified (Strata A-D), by distance from
the shore, into 3 inner zones (2 km wide) and an outer
zone (4 km wide) and 5 stations were randomly allo-
cated to each stratum (20 stations per site). The stations
covered a distance ot 50 km along the coast and all
were on medium to coarse sediments at depths be-
tween 11 and 51 m,

In September 1990 each station was sampled to pro-
vide data on the distribution of benthos throughout the
sample areas. At Stns T3 and C18, 3 replicates were
taken; 9 replicates were taken at Stn W10 (to provide
data on variability within stations), and 1 sample was
taken at each of the remaining stations. Only 3 or 4
stations per stratum were subsequently processed
(because of time constraints), and only these stations
are shown in Fig. 1.

To provide data on seasonal variation, 3 replicate
samples were taken in February and June 1991 from

Stns T3, T9, T18, W5, W10, W20, C2, C6 and C18. A
fourth cruise, planned to provide samples over a whole
year, was cancelled because the build-up of a sand bar
closed the port from which sampling cruises were con-
ducted.

Sampling methods. On the first cruise stations' posi-
tions were located using radar and on subsequent
cruises by Global Positioning System. Samples were
collected with a Smith-MclIntyre grab, which sampled
an area of 0.1 m? and were preserved in 10% neutral
formalin. At the Museum of Victoria, samples were
sieved through a 0.5 mm mesh, and the animals
retained were counted and identified to the lowest
possible taxonomic level. Species identifications were
made for Crustacea, Polychaeta, Mollusca, Pycnogo-
nida and Echinodermata (except Ophiuroidea). Epi-
faunal groups such as sponges, hydroids, bryozoa and
ascidians were not identified.

During the September cruise a sediment sample of
150 to 300 g was taken from each grab for grain size
analysis using settling tube analysis (George & Black
1991). The sediment was washed through a 63 pm
mesh to remove mud. The remaining sediment was
oven dried for approximately 24 h at 100°C. Any coarse
material (of pebbles and shell fragments) was sepa-
rated from the sand fraction by passing the sediment
through a 4.76 mm mesh sieve. Sand and coarse frac-
tions were analysed individually. Pebbles > 1 em and
shells and shell fragments > 3 cm, which were too
heavy to be released into the settling tube, were re-
moved from the coarse fraction. Few samples con-
tained mud. For the 6 samples which appeared muddi-
est, the total sample was dried and the mud content
was calculated as a percentage of the total dry weight.

Analysis of results. Numbers of individuals (n) and
species (s) were determined for each sample. For sta-
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Fig. 1. Sampling sites (T, W, C) showing sampling stations (1-20 for each site) and strata (A-D for each site)
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tions with replicates, numbers of individuals and spe-
cies summed over the replicates (per cruise) were also
determined. The Shannon-Wiener diversity index, H'
(H' = -Zp,;Inp, where p, is the proportion of individuals
in the ith species), was calculated for each station.
Evenness, J', was calculated using Pielou's formula
(J'= H'/Ins).

Relationships between fauna, depth and sediment
characteristics were investigated by regression analy-
sis using data from the September cruise. Where fau-
nal characteristics were related to 2 environmental
variables, partial correlation was used to evaluate the
relative importance of each. Numbers of individuals
per station were loq,, transformed for these analyses.

Fauna-sediment correlations were carried out on the
sand and coarse fractions separately.

To show the rate at which new species were col-
lected as more stations were sampled, species-area
curves (i.e. plots of total species collected against total
number of stations/samples sorted) were produced.
Data from the September samples were used. Plots
were produced for stations within areas and for all sta-
tions sampled. Only the first grab was used where
replicates were taken. For a given number of samples
the shape of the species-area curve may vary slightly,
depending on the order in which the samples are
added, although the total number of species collected
will not change. To take this variation into account in
generating the species-area curves, up to 100 random
subsamples of 1, 2, 3 ...n grabs were taken. The total
number of species was determined for each subsample
and then the mean and standard deviation for total
number of species was calculated for each set of sub-
samples. Species-area curves were similarly generated
for multiple samples taken at Stn W10 in September
and for multiple samples taken (at W10) over the 3
sampling cruises.

Two plots of cumulative number of species against
cumulative number of individuals were produced. For
direct comparison with plots appearing in Grassle &
Maciolek (1992) and Gray (1994), a plot of total species
against total individuals was produced. Stations sam-
pled in September (including replicates) were com-
bined in sequence from west to east starting with the
lowest numbered station at the Tyers site and finishing
with the highest numbered station at the Cape Conran
site, Stations sampled in February and June were then
added in the same sequence. To determine variations
in the number of species for a given number of individ-
uals, 100 random subsamples of 1000, 2000 ...23000
individuals were taken from the September samples
and the total number of species determined for each
subsample. The mean and standard deviation for total
number of species were calculated for each set of sub-
samples.

RESULTS
General

A total of 104 samples, equivalent to an area of
10.4 m?, were sorted. These yielded 60258 individuals
and 803 species. All specimens have been retained and
species lists are available from the authors. Of the spe-
cies collected, 51 % (409) are apparently undescribed.
The number of individuals per grab (0.1 m?) ranged
from 33 to 2824 (mean = SD, 580 + 394) and the number
of species from 17 to 198 (mean + SD, 97 + 40). Species
diversity, H', ranged from 1.8 to 4.6, (mean + SD, 3.6 =
0.5) and evenness, J', from 0.4 to 0.9 (mean = SD, 0.81 =
0.08). Polychaetes, molluscs and crustaceans together
provided 99% of the individuals and 98% of the spe-
cies collected. When all the individuals collected are
considered, no species showed a high degree of nu-
merical dominance. Nineteen species each contributed

% or more of the total. The most abundant of these
was the polychaete Prionospio nirripa (5.5 % of individ-
uals collected). Within individual stations the degree of
dominance by the most abundant species was up to
70%, but was generally less than 20 %.

Stations sampled in September
Analysis by stratum

The 38 stations sampled in September gave 18509 in-
dividuals and 619 species (Table 1; for stations with repli-
cates, values are for the first grab only so that all stations
are compared on the same basis). Evenness at all stations
was high, reflecting the fact that the samples were not
dominated by a few highly abundant species. Of all the
individuals collected, 21 species (3.4 % of the total) each
contributed >1%, and of the individuals collected in any
one area, 39 species (6.3%) each contributed >1%
(though generally <5%). The most abundant species
was the polychaete Prionospio nirripa which provided
10% of all the individuals collected and 20% of the in-
dividuals at the Tyers stations. Within individual stations,
dominance ranged from 5.4 % (for Exogoninaesp. 517 at
station W10) to 70% (for Prionospio nirripa al station
T18) but was generally less than 20 %,

The mean number of individuals per station within
strata ranged from 275 to 846 and the number of spe-
cies ranged from 56 to 147 (Table 2). Polychaetes pro-
vided the highest mean number of individuals in 9 of
the 12 strata and crustaceans provided the highest
mean number of species in all strata.

Sixty-six species (10.6 %) were of relatively frequent
occurrence in that they were found at 50% or more of
all the stations. Eighty species (12.9%) occurred at
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Table 1. Number of individuals (n), number of species (s), and

species diversity (H') and evenness (J'] at stations sampled in

September. Each station is represented by 1 grab sample

(0.1 m?). Only the first grab is included for those stations with
replicates (T3, W10, C18)

Stratum  Stn Depth(m) n s H' Jr
TA T1 i 48 23 2.79 0.89
T2 30 (79 83 3.37 0.76
T3 11 260 46 3.15 0.89
T4 25 335 70 3.50 0.83
B T6 28 239 44 2,84 075
T8 32 493 84 3.68 0.83
T9 37 477 94 3.52 0.77
110 36 343 77 3.60 0.83
i I e T11 38 490 96 3.81 0.83
Ti2 40 470 106 396  0.85
T15 40 578 106 334 072
D Ti6 42 815 94 3.57 0.79
T18 43 1151 87 1.76 0.39
T20 44 499 (E15] 1.81 0.43
WA W1 27 401 87 377 084
w3 24 347 72 346 081
W5 17 211 45 269 071
WB W6 31 511 113 4,05  0.86
wsa 27 404 103 4.02 0.87
w10 29 315 86 4.06 0.91
wWC W11 36 390 125 422 087
W13 32 556 98 3.91 0.85
Wi5s 32 1267 109 3.44 0.73
WD W16 46 617 107 334 071
w18 34 284 73 3.33 0.78
wa2o 45 694 156 4.30 0.85
CA C1 23 219 55 3.28 082
c2 23 324 39 256 070
5 33 321 83 382 086
CB 6 26 182 60 363 089
c8 43 301 82 340 078
10 49 925 187 4.48 0.86
cC C11 51 1446 168 3.37 0.66
C13 50 537 129 421 0.87
15 50 554 143 417 0.84
CD C16 48 239 85 379 085
C18 50 212 73 3.86 0.90
C20 50 375 98 3.75 0.82

50 % or more of the stations in at least one area. Many
of the most abundant species were also amongst the
most frequently occurring, but many frequently occur-
ring species were not amongst the most abundant. One
hundred and sixteen species (18.7%) were repre-
sented by only 1 individual, and 163 species (26.3 %)
occurred at only 1 station.

Relationships between fauna depth and sediment

Sediments at the sample sites were predominantly
medium to coarse sands. Mean grain sizes ranged from

0.30 to 0.93 mm and from 0,72 to 2.1 mm for the sand
and coarse fractions respectively. Mud content, only
determined for 6 stations, ranged from 0.7 to 4.7 %.

n, s, H' and J' correlated significantly with depth and
with characteristics of the sand fraction (Figs. 2 to 4).
Log,,n and s increased with depth and in more poorly
sorted sediments, and H' increased in more poorly
sorted sediments (described by linear regression). H'
and J' peaked at intermediate values for grain size.
The use of a second degree polynomial rather than a
linear regression to relate H' and J' to mean grain size
produced a substatial increase in r values (from 0.25 to
0.36 for H' and from 0.20 to 0.34 for J').

Depth and sediment characteristics are themselves
interrelated and the effect of these interrelationships
on correlations with the fauna was evaluated. Partial
correlations (Table 3) showed the major factors associ-
ated with the fauna to be depth, sediment sorting (a
measure of the spread of grain sizes around the
median) and mean grain size. Correlations between
the fauna and (sediment) skewness and kurtosis
became non-significant when the effects of depth or
sorting were removed by partial correlation, but
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removing the effects of skewness and kurtosis had
little effect on correlations with depth and sorting.

The number of individuals per station (Table 3,
Figs. 2 & 3) was correlated with depth and sorting.
Removing the effects of depth or sorting rendered cor-
relation with the remaining variable non-significant.
The number of species per station was correlated with
depth and sorting. The correlation with depth became
non-significant when the effects of sorting were re-
moved, but that with sorting remained significant
when the effects of depth were removed. Species
diversity was correlated with mean grain size and sort-
ing, and the correlation with each remained significant
when the effects of the other was removed. Evenness
was related only to mean grain size.

Stations with replicates

A total of 9 stations were sampled with 3 replicates
per station. Of these 9 stations, 3 were sampled during
all 3 cruises and 6 were sampled only in February and
June (Table 4). These 63 samples provided 40377 indi-
viduals and 708 species. There were no highly abun-
dant species; only 19 species each provided 1% or

Table 2. Mean values (+SD) for numbers of individuals and species of the major
taxa at the stations sampled in September. Stations are grouped by stratum.
Only the first grab has been included for those stations with replicates

more of the total individuals on at least one sampling
cruise. There was also little consistency in the identity
of those species which were most abundant; only 7
species provided 1% or more of the individuals at a
station 10 or more times out of a possible 21 occur-
rences. The most abundant species was an un-named
syllid polychaete (3.8% of individuals collected), and
Prionospio nirripa was second in abundance (3.6% of
individuals collected). At individual stations the per-
centage dominance by the most abundanl species
ranged from 5.8 to 26.8 bul was generally less than 15.

There were large seasonal differences in species
composition at the stations. For example, 76 of the spe-
cies found at Stn C2 in February were not found there
in June, and 35 of the species found in June were not
found in February; and 9 grabs taken at Stn W10 in
September provided only 210 species while 9 grabs
taken between September and the following June
gave 432 species (see Fig. 6).

Species-area curves

Curves relating number of species to area sampled
in September (Fig. 5) show that species richness was
greatest in the Waygara area (Site
W), with 453 species taken from 1.2
m?, and least in the Tyers area (Site
T), with 371 species taken from 1.4
m?. Although the rate at which new

Stratum Polychaetes  Molluses  Crustaceans Other taxa Total species were collected _decreased a5
— - the number of samples increased, the
Individuals curves for each area were still rising
TA 202 £ 186 29+ 28 89 + 44 11+12 331 = 262 sharply after all the samples had been
TB 234 £ 61 23 +13 127 £ 79 D_t 8 388 + 120 included. On average !h(—! ]ast 2 to 3
TC 254 + 92 21+ 13 233 + 82 6+4 513 + 57 L : d
TD 456+ 380 103 351299 43 822326 grabs in each area each-added about
WA 161+103  24+10 12322 11+12 320+ 98 10 to 20 new species to the total spe-
WB 152 + 41 33+ 10 216 + 49 8+9 410 + 98 cies pool; but natural variation (as
wcC 182 £ 20 28.+19 517 = 441 11x7 738 = 465 indicated by the standard deviations)
WD 269 + 216 11+4 245+ 26 7+7 532 + 218 is such that the last 2 or 3 samples
CA 176 + 75 12+ 2 95 + 31 4+8 288 + 60 conld oach havs-addsidd Yo 50 nose
CB 159 + 150 16 + 4 290 + 254 4+2 469 + 399 e :
ce 415+293  52+64 369+ 162 9+5 846+ 520 species. The total number of species
CD 145 + 74 14113 102 £ 15 15+ 8 275 + 87 collected over the 3 areas, 619, is
Species much higher than the values from the
TA 21+12 8+3 26 £ 11 1+2 56 = 27 individual areas, which suggests
B 31+8 73 36 £ 16 121 75 %22 there are considerable differences
T 37+4 7+2 56 + 12 21 103 +£6 7 :
™ 17 4 412 59 £ 15 31 82+ 15 between the areas in species compo-
WA 24 £ 11 742 35+ 11 242 68 + 21 sition. This is confirmed by the curve
WB 30+ 6 8+3 60 + 8 3+1 101 = 14 for the 3 areas combined (Fig. 5d),
wcC 367 8+2 63+ 11 4+1 111 + 14 which was still rising steeply after all
WD ot 62 6515 31 112242 38 stations had been included.
CA 2220 7x2 902 14 11 59422 The 9 grabs taken at Stn W10 in
CB 3121 941 68 + 45 242 110 + 68 . =
cc 45+ 6 B+2 90 + 14 4£2 147 + 20 September (Fig. 6a) gave 210 species,
cD 32 4 6 4+3 47 €7 341 85+ 13 about half the number of species
taken in 9 grabs scaltered throughoul
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Fig. 3. Relationships between sediment sorting (sand fraction)
and number of individuals, number of species, and species
diversity

the Waygara area. Only 26 of the species at W10 were
not taken at the other Waygara stations. In contrast, 9
seasonal grabs taken at Stn W10 (i.e. the first 3 repli-
cates in September plus 3 replicates each in February
and June) provided 432 species (Fig. 6b), almost 200 of
which were not found at Waygara in September. Simi-
larly, the seasonal samples taken at the Tyers stations
included almost 200 species not taken in the area in
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Fig. 4. Relationships between sediment mean grain size (sand
fraction] and species diversity and evenness

September, and the seasonal samples at Cape Conran
added almost another 100 species to those taken in
September.

A curve of total species against total individuals col-
lected over all areas and times (Fig. 7a) shows some
levelling off at around 11000 to 13000 individuals,
which represents the addition of the 9 replicate grabs
taken from Stn W10 in September, begins to rise again
when individuals from the remaining stations at Way-
gara are added, and begins to level out again at around
40000 to 44000 individuals, when all the individuals
collected in September and about half of the individu-
als collected in the seasonal samples have been
included. To estimate the number of species in the
areas therefore requires sampling in both space and
time.

A plot of total species per randomly selected 1000s of
individuals (Fig. 7b) shows little variation in numbers
of species for a given number of individuals. Maximum
variation occurs at 1000 individuals with a standard
deviation (7.4) of 3% of the mean (250) number of
species.
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Table 3. Effects of partial correlation on relationships between fauna, depth and
sediment characteristics (sand fraction). First value (r) is the Pearson correlation

coefficient and second value (p) 1s probability

lected or as numbers of species per
number of individuals, the East Gipps-
land fauna is richer than those

Correlation

Partial correlation controlling for:
Sorting Depth Mean grain size

reported from the deep sea and from
the Norwegian shelf. In addition, the
species richness of East Gippsland is

r=10.54 0.25
p=0.0006 013

r=10.51 0.16
p=0.0012 0.34
r=0.70 0.27
p=0.0001 0.11

r=0.74 0.42
p = 0.0001 0.009
r=0.50 0.50
p=0.002 0.002
r=1043

p=0.008

No. of individuals and depth
No. of individuals and sorting
No. of species and depth

No. of species and sorting

H' and mean grain size

H' and sorting

further emphasised by the fact that
samples were taken over a smaller
and less ecologically diverse area than
occurred in the other studies. The
depth range sampled in East Gipps-
land (11 to 50 m) was less than in the
other studies (70 to 305 m for the Nor-
wegian shelf, 1500 to 2500 m for the
deep sea); the total area sampled (10.4
0.42 m?) was less than in the other studies
0.009 (50 m? for the Norwegian shelf, 21 m*

DISCUSSION

Grassle & Maciolek (1992) suggested that, outside of
the tropics, species richness was much higher in the
deep sea than in shallow-water communities. Gray
(1994) questioned this assumption and provided data
from the Norwegian continental shelf showing species
richness equal to, if not greater than, that shown in the
deep-sea samples of Grassle & Maciolek. The samples
taken in East Gippsland add further support to the
suggestion that species richness may not be exception-
ally high in the deep sea. In passing Gray refers to the
present survey (*...800 species have been found from
10 m? in Bass Strait...") but remarks that quantitative
data, which could be related to the deep-sea data of
Grassle & Maciolek, are absent. The quantitative data
are presented here and the comparison can now be
made, as can comparison with Gray's own data.

More species were collected in the present study than
from the deep sea (Grassle & Maciolek 1992) or from the
Norwegian shelf (Gray 1994), but the studies are best
compared by using cumulative species-individuals
curves to determine numbers of species for a given num-
ber of individuals. The samples collected in East Gipps-
land in September gave 619 species from 18509 indi-
viduals. For a similar number of individuals samples from
the Norwegian Shelf and the deep sea each gave about
400 species. Samples from the Norwegian shelf provided
620 species from 39582 individuals. For a similar number
of individuals the East Gippsland samples provided 745
species and the deep-sea samples about 550 species. In
total the East Gippsland samples provided 803 species
from 60258 individuals. For a similar number of individ-
uals the deep-sea samples provided about 600 species.

Considered simply as total number of species col-

for the deep sea); the distance over
which samples were taken (50 km of
the coast) was much less (1200 km for
the Norwegian shelf, 176 km for the deep sea); and the
range of latitude over which samples were taken
(<0.1%) was much less (9° for the Norwegian samples,
1.2° for the deep-sea samples).

Comparisons between the studies may also be influ-
enced by the size of mesh through which samples were
sieved. Grassle & Maciolek (1992) used a 0.3 mm mesh

Table 4. Numbers of individuals (n), species (s), species diver-
sity (H') and evenness (J'| at seasonally sampled stations
(September 1990 and February and June 1991). Values are for
species and individuals summed over the 3 replicates at each

station

Stn Depth (m) Month n s H' ot ]

T3 11 Sep 1110 101 32 069
W10 29 Sep 1355 150 42  0.84
C18 50 Sep a30 149 4.1 0.82
T3 11 Feb 1639 109 3.7 0.79
T9 37 Feb 2669 259 4.5 0.81
T18 43 Feb 2053 263 4.6 0.83
W5 17 Feb 1006 91 3.6 0.80
W10 29 Feb 6256 286 4.3 0.76
w20 45 Feb 2990 286 4.7 0.83
c2 23 Feb 1545 135 3.7 0.75
ChH 26 Feb 1294 150 4.0  0.80
C18 50 Feb 1059 157 4.3 0.85
T3 11 Jun 1278 111 3.5 074
T9 37 Jun 2168 232 4.4 0.81
T18 43 Jun 2392 228 4.3 0.79
W5 17 Jun 992 85 3.1 0.70
W10 29 Jun 2397 219 4.3 0.80
w20 45 Jun 2518 288 4.7 0.83
C2 23 Jun 913 83 34 0.77
Co 26 Jun 1086 115 36 076
18 50 Jun 1827 171 i 0.72
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500 500

Total number of species

Stations

Fig. 5. Species-area curves for September 1990 samples showing mean
numbers of species accumulated in random selections of 1 to 14 stations
{each station = 0.1 m°). Vertical bars show =1 SD, (a) Tyers stations, total
1.4 m? and total species = 371; (b) Waygara stations, total
1.2 m* and total species = 453; (¢) Cape Conran stations,
total area sampled = 1.2 m” and total species = 422: (d) all samples, total

area sampled
area sampled

area sampled = 3.8 m? and total species = 619

sieve, Gray (1994) used a 1 mm mesh sieve and in the
present study a 0.5 mm mesh sieve was used. Because
smaller mesh sizes retain a greater proportion of the
individuals and species present (Bachelet 1990), the
retention of species and individuals was likely to be
greatest in the study by Grassle & Maciolek, least in
the study by Gray and intermediate in the present
study. Gray (1994) argued that because the deep-sea
fauna has a smaller average size than the continental
shelf fauna, similar proportions of individuals and spe-
cies will have been retained in the 2 studies despite the
use of different mesh sizes. This argument may be jus-
tified; but the real point is that even though the reten-
tion of species was likely to have been greatest in the
deep-sea study, the results in Grassle & Maciolek
(1992) do not convincingly show that species richness
is greater in the deep sea than on the continental shelf
of Norway or in the shallow water of East Gippsland.
Perhaps one caveat that needs to be made, when com-
paring results obtained using different mesh sizes, is
that moving from a larger to a smaller mesh may add a
greater proportion of new individuals than of new spe-
cies. If this is the case, species richness expressed as
species per number of individuals would appear less in

samples from the smaller than in those
from the larger mesh.

Regression analysis gave clear indica-
tions that the fauna was intluenced both
by the depth of water from which samples
were taken and by sediment type. The
major influences were depth, mean grain
size and sediment sorting. Correlations
between sediment and fauna are complex
and may in part reflect the influences of
other factors, such as hydrodynamic and
sediment transport processes, which affect
the distribution of both sediment and
fauna (Snelgrove & Butman 1994). For
example, well-sorted sediments occur in
high-energy areas while poorly sorted
sediments are associated with low-energy
areas (Grebmeier et al. 1989). Snelgrove
& Butman (1994) commented that, while
many studies have correlated invertebrate
distribution with grain size, animal-sedi-
ment relationships are more variable than
traditionally supposed and that no clear
mechanism by which grain size per se lim-
its distribution has been demonstrated.
However, an explanation for the relation-
ship between sorting (or other measures of
grain-size diversity) and species richness
has been suggested. Well-sorted sedi-
ments, because they offer a smaller range
of grain sizes and of interstitial spaces,
may provide fewer niches than poorly sorted sedi-
ments and so contain a less diverse fauna (Nichols
1970, Gray 1974, Etter & Grassle 1992).

:

8

3

Total numiber of species

8

Cirabs

Fig. 6. Species-area curves showing mean numbers of species

accumulated in random selections of 1 to 9 grabs (each grab =

0.1 m?). Vertical bars show +1 SD. (a) grabs taken at Stn W10

in September 1990, total area sampled = 0.9 m* and total spe-

cies = 210; (b) grabs collected seasonally at Stn W10 between

September 1990 and June 1991, total area sampled = 0.9 m*
and total species = 432
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cal disturbance (through increased wave
action) in these areas. Partial correlation
suggests that sorting rather than depth is
the major factor controlling species rich-
ness. The correlation with sorting still
remains significant when the effects of
depth are removed, but not vice-versa.
For some other correlations (e.g. those
between number of individuals, sorting
and depth), it was not possible lo assess
the relative importances of depth and
sorting since removing the effects of
either rendered correlation with the

i 1 other non-significant. In these instances
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it is perhaps some unmeasured factor
related both to depth and sediment type
which is influencing species distribution.

Relationships between species distri-
butions and sediment type have been
demonstrated for the deep sea, as they
have for many other environments (Etter &
Grassle 1992, Snelgrove & Butman 1994).
Gray (1994) found no correlation between
the tauna and depth or sediment type. He
suggested that because physical distur-
bance is frequent on the continental shelf,
organisms are likely to have 'broader-
scale relationships to environmental fac-
tors' than is the case with deep-sea ben-
thos. This suggestion is not supported by
the present study. There were obvious re-
) lationships between species, sediment and

Snm TOHMH 150001 20000

NUMBER OF INDIVIDUALS

Fig. 7. (a) Plot of cumulative number of species against cumulative number of
individuals for all samples added together in an ordered sequence (details in
text). (b) Curves showing mean numbers of species accumulated in random
selections of 1000 to 23000 individuals taken from the September samples.

Vertical bars show £1 SD

Bass Strait is a high-energy environment. Mobile
bottom sediments are found in water of less than 45 m
depth, although wave action may atfect bottom sedi-
ments in depths to 50 m. The nature of the environ-
ment is reflected in the sediments, which typically are
well-sorted medium to coarse sands with virtually no
mud. Sediment sorting increases at shallower depths,
indicating the increasing influence of wave action and
an increasing homogeneity of the sedimentary envi-
ronment. Species richness decreases as sorting in-
creases, which is in agreement with the hypothesis
that well-sorted sediments provide a relatively narrow
range of niches for species to exploit. Because the well-
sorted sediments are in shallower water, reduced
species richness could also be due to increased physi-

el depth even though samples were taken
from physically disturbed habitats in shal-
low water and were from a more restricted
range of sediment types than were the
samples from the Norwegian shelf.

While the East Gippsland samples
have revealed a community that is the
most species-rich community so far in-
vestigated in Victoria, there is evidence that a rela-
tively high level of species richness is typical of shal-
low-water communities in the state. The most studied
faunas are those of Port Phillip Bay and Western Port.
These are the 2 largest bays in Victoria and the sites of
major industrial, commercial and urban development.
Benthic surveys have listed 713 and 572 species from
Port Phillip Bay and Western Port respectively (Poore
et al. 1975, Coleman et al. 1978). These are high values
compared with those from surveys in other temperate
bays and estuaries throughout the northern and south-
ern hemispheres (Boesch 1973, Maurer et al 1978,
Jones & Candy 1981, Lopez-Jamar 1981, Rainer 1982,
Steimle 1982, Dauer et al. 1984, Jones et al. 1986, Car-
rasco et al. 1988, Steimle & Carraciolo-Ward 1989),
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although differences in habitat type, sampling effort
and methodology make exact comparisons between
surveys difficult.

The relatively high species richness of Victoria's
shallow waters has not previously gone unnoticed. In
their study of the phoxocephalid amphipods of Aus-
tralia, Barnard & Drummond (1978) described Port
Phillip Bay and Western Port as 'species packed' by
comparison with similar embayments in other parts of
the world. They could find no particular environmental
features which might account for the high degree of
species richness shown by the crustacean fauna. Simi-
larly, the shallow-water community of East Gippsland
may be considered as 'species-packed’. It is possible
that species richness is high across all of southern Aus-
tralia, an area with a largely endemic invertebrate and
fish fauna (Poore 1994). Some data are available from
shallow-water (15 to 20 m depth) samples taken off the
open coast about 80 km to the west of the East Gipps-
land sites (Coleman unpubl. data). These samples have
not been analysed in detail but do contain about 150
species not found in the East Gippsland samples, indi-
cating that further sampling along the coast should add
considerably to the species richness revealed by the
present study.
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