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INTRODUCTION .

A proposal to improve yachting courses in the Swan River
involves the dredging of a large area at Pelican Rocks.
Details of the proposal are shown on Public Works Department
plans Drg. No.l P.W.D., W.A., 44106, An area of approximately
100 ha would be dredged to a depth of between 2 and 3 metres.

Prior to dredging, studies will be made into the probable

outcome of such an operation. They include surveys of the
hydrodynamics, the benthic invertebrates, the amateur and

professional fishery, and recreational use of the area.

The benthic fauna of the Swan River estuary is well known

from past faunal studies (Thomson, 1946; Serventy, 1955;
Blackwell, 1969; Chalmers, et. al., 1976). The data collected
during these studies was largely qualitative. Also, sampling
was most intensive in the lower part of the estuary; that is
below the Narrows Bridge. : '

This study was undertaken to investigate the macrobenthic
invertebrate fauna of the Pelican Rocks area. The study
objectives were as follows:

(1) Identify the invertebrate species present and
determine their preferred habitats.

(2) Provide an index of their relative abundance.

(3) Correlate distribution of these invertebrates
with physical data including sediment type,
water depth, turbidity, salinity and temperature.

To place the findings of the study in perspective, additional
sampling was undertaken in the Swan and Canning Rivers. The
river areas were chosen for the comparison because, less
information was available on their fauna than for other parts
of the estuary; and because they are likely to be subjected
to future disturbances in the form of dredging and shoreline
developments - (see MRPA plan E36, 1968). Samples were also
taken in the Applecross area.

METHODS

Thirteen transects were sampled: three at Pelican Rocks;
two at Applecross; three in the Swan River; and five in the
Canning River (Figure 1), Each transect at Pelican Rocks
was sited by at least three markers; the markers being
either navigation piles or conspicuous landmarks (Figure 2).
Sampling stations were established in each habitat type
covered by the transects. Stations were located by siting
suitable markers on either side of the transects. At the
other transects stations were located in a similar manner.
However, siting was less difficult since the transects were
shorter and closer to shore.



_Sampling was carried out from 23 February to 13 April, 1977.
During this period each station was sampled once.

Samples were taken with a corer (38 cmz) to a depth of 20 cm.
Five replicate cores were taken from each station at Pelican
Rocks, while tWwo replicates were taken at sitations on the
other ten transects. An Ekman grab (380 cm™) was used to
sample where water depth exceeded three metres. Samples
were washed through a 1 mm mesh and the screenings returned
to the laboratory. Animals were removed by hand from the
residual debris, identified and counted, before preserving
in 5% fgrmalin. Samples were also obtained with a shovel
(900 cm”) on the shallow banks and washed through a 4 mm
mesh to ensure the collection of larger species.

The above sampling methods limited the fauna which could be
adequately sampled. While they provided reasonably accurate:
guantitative data on the infauna of the sediments, they did not
give reliable measures of either those animals attached to

hard substrates, or those which moved quickly in the water.
Searches made on logs, rocks and piles provided gualitative
information on "attached" species. However, no additional data
was collected for mobile species because unlike the infaunal
species, they could move away from an unfavourable area, such
as dredging sites and so avoid destruction. Hence, mobile
species including the blue manna crab (Portunus pelagicus)

and the prawns (Penaeus latisulcatus and Metapenaeus dalli)
have been excluded from the data analysis. Although no other
taxa were intentionally excluded from the analysis the 1 mm
sieve did not retain fauna such as nematodes,; copepods,
ostracods, and juvenile forms of taxa collected.

Physical data including water depth, temperature, salinity
and turbidity was recorded for each station. A Beckman
salinometer was used to measure temperature and salinity.
Light penetration was estimated with a secchi disc and
depths were measured with a plumb line. A2An estimate of the
redox discontinuity profile was obtained by recording the
depth at which the sediment changed from a light colour
(oxygenated) to black (oxygen depleted).

A sample of the top 20 cm of sediment at each station in

the Pelican Rocks area was analysed for particle size analysis
using a "wet sieve/hydrometer method", by the Public Works
Department. No analysis was attempted for other stations, but
a subjective assessment was made.

Data collected from stations in the Pelican Rocks area having
similar physical characters was lumped to provide an estimate
of abundance for each habitat. The overall faunal affinity
was calculated using an index developed by Sanders (1960) to
measure the relative similarity between habitats. The index
was derived by calculating the percentage composition of the
species at each habitat. Each habitat was then compared with
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.every other habitat and the lower percentages for every
species common to both habitats were swmmed. The resulting
values were the indices for each pair of samples. Since
this index was a measure of faunal homogeneity between
habitats, it was therefore also a measure of ecoclogical
similarity between pairs (Sanders, 1960). A formula
developed by Sorenson (1948) was used to calculate faunal
affinity between transects because of the reduced sample
size of upstream stations. The index was calculated by
summing the species common to two samples and dividing

this number by the total number of species found in both
samples.

RESULTS
Physical

The salinity for both surface and bottom recordings was
approximately 350/00 for each station at Pelican Rocks.

The temperature was also uniform at 22»230C, while light
penetration varied between 1.7 and 2.3 metres (Table 1).
Salinity decreased slightly with distance upstream; the
lowest recording being at Tranby where the surface water

was 26,60/003 Turbidity was also slightly higher in the
river. The method used to estimate oxygenation of the
sediment was crude. The discontinuity layer was not always
apparent, especially in sandy substrates. However, the data
showed the black sulphide smelling muds to be reduced within
a centimetre of the surface, while sandy sediments had
variable and sometimes thick oxygenated layers (Table 1).

The particle size analysis revealed a distinct difference
between the sediments of deep water and bank areas (Table 2).
Deep water scdiments were composed predominately of silt
and clay. At stations in naturally deep water the amount
of silt and clay was eqgual. However in dredged areas the
proportion of silt was higher than the proportion of clay.
Bank sediments consisted mainly of sand. Those near shore
contained mainly medium grain sands, while those offshore
contained a greater amount of shell material, which in the
analysis was recorded in the very coarse sand fraction.

raunal Composition

Forty-two taxa were identified from the study area in the
Swan River estuary during the sampling period (Table 3).
These included 10 species of polychaetes, 7 pelecypods,

4 gastropods, 7 amphipods, 1 isopod, 2 decapcds, 1 barnacle,
1 anemone, 1 seasquirt, and a leech. :

Faunal diversity was greatestin the Applecross-Pelican Rocks
areas and progressively decreased on going upstream in both
rivers (Table 4).



Neighbouring transects were most similar, while those
" separated by the greatest distance were most dissimilar
(Fig.3). For example, the fauna of the transects of
Applecross and Pelican Rocks was 82% similar, while tha
of Applecross and Tranby showed a similarity of only 24
Also, transects in the Swan and Canning Rivers, at simi
distances from Pelican Rocks, had reasonably comparable
faunas. :

-+

An index of abundance for the more common species at ea
transect ig presented in Figures 4 - 16. The highest
density recorded for a single species was 36,500 indivi
per square metre for the small polychaete, Capitella ca
in the sand flats at Alfred Cove (Fig.8). This area al
the highest density for total individuals of all specie
79,000 + 6,500 per m”. Throughout the rest of the stud
area numbers .were lower. However, singlg species were
recorded in densities up to 10,000 per m™.
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Table 5 lists and gives a measure of abundance for spec
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found in five habitats at Pelican Rocks. The habitats were.

based on the physical data collected for this area (see
this report). The abundance data were dexrived by poolin
from stations which were ecologically similar. A great
number of species were found in "bank" habitats than in
water"” habitats. Only three specieg were found exclusi
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in deep water; the rareness of two of them probably accounted

for their absence from bank habitats. In-shore banks c
the greatest number of invertebrates per square metre,
by offshore banks, dredge deep water, and lastly natura

ontalined
followad
1 deep

water. The natural deep water habitat supported less than 10%

of the individuals found on inshore banks. The slightl
larger number found in the dredged habitat was probably
to the proximity of this area to shallow banks, rather
it being a more favourable environment. The biomass of
banks would have greatly exceeded that of the deep wate

habitats because none of the larger polychaetes, such ac

Marphysa sanguinea, Australonereis ehlersi, or Scoloplo
simplex, were found in deep water habitats in any gquant

Calculation of overall faunal affinity at Pelican Rocks
(Fig.1l7) indicated that:
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- dredged and naturally deep habitats were very similar;
~- inshore banks with plants closely resembled those
without, and both were gimilar to, but differed
equally from, offshore banks;
- deep water habitats were markedly different from those

in shallow water. Identical taxa dominated the deep
water habitats (Table 5), where two species accounted
for 90% of the total number of individuals collected.
More species were abundant in the bank habitats where
six species accounted for 90% of the numbers collected.
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ISCUSSTION ‘

At the time of this study the Swan Estuary was in the summer-
autumn phabe of the annual hydrologic cycle. Marine water
extended through the Lower, Middle and much of the Upper
Estuary. The benthic invew““bV“ te speciesg at Pelican Rocks
included mainly estuarine and a few marine vepresentatives

as described by Chalme et al. (1976). The distribution

of invertebrate species in the Swan Estuary, as in all the
seasonal estuaries of souvth-western Ausi “11L&, was primarily
QCLOlmined by salinity (Hodgkin, 1977). ' '

The concentration of invertebrates in foreshore areas at
Pelican Rocks was probably due to the more sandy sediment,
shallower water, and latively well a@x;toa conditions there.
The influence of sediment particle size, water depth, and
oxygen QV“iWﬁbillty on faunal distributicn has been widely
investigated (Sanders, 1958; Johnson, 1¢71; Wharfe, 1976}.

The polychzete ¢. capitata was shown by Reish (1970) to
survive low oxygen concentrations, and it has been reported.
from relatively polluted areas (Wharfe, 1275). The absence of
this polychaete from the black mud areas weflected their poorn
suitability to invertebrate hebitation. However, juvenile
spacimens of the bivalve 5. trigonella were only collected
from muddy substrates; none were found amongst the dense adult
populations on the banks. Thisg dLSLributlon was not explained
by data collected dur}nq the study.

.y

The patchiness of some gpecies resulted in less accurate
estimates of their abundance. Little and Boyden (1976)
attributed patchiness amongst the infauna to both inter-
and intraspecific interactions. TFor example, exclusion of
one species by another, or, clumping of individuals of the
same species to facilitate reproducticn ox procectlha.
However, patchiness may have been a response to subtie
environmental factors not considered in this study. Despite

localised variation a reasonable esgtimate of abundance was
obtained at Pelican Rocks for the common species, as determined
by replicate sampling.
The expected consequences of dredging to the invertebrate fauna
include:

- direct destruction of the animal community within
the area of operation of the dredge

- The effect on the survival of animals fhroughout
the estuary resulting from the 141qu quantity of
bottom sediment placed in suspension by the
dredging operation.



The invertebrates at Pelican Rocks were small and fragile.
Most of them lived in the near surface layers of the sediment,
but a polychaete, M. sanguinea, burrowed as deeply as 20 cm
into the sediment. The entire fauna at the dredging site

will bhe destroyed, since at least 1 m of sediment will bhe
removed during the operation. Also the deposition of spoil
in deep water will probaa]y inundate and destroy the fauna

of that area.

Data is insufficient to predict the response of individual
species to greatly incrcusaa levels of suspended solids.

Filter~feeding animals such as mussels and barnacles, can

be expected to be worst afH cted (P rkins, 1274). Prolonged
exposure Lo excesgsive amocunts of suspended material was shown
to cause death in the mussel M, dulis (Loosan Llf 1%61).
Burrowing molluscs and polychaetes, which constituted the

bulk of the fauna, would prooaaly be little affected. Some
of these species might benefit from the extra particulate
organic matter thrown up during the dredging. However,
excessive deposition of fine material on the near shore sandy
zones should be avoided, since a change in the nature of. the
sediment would likely reduce faunal abundance in that area.

Lenanton (uupub1e data) showed that areas of nmud denuded by
dredging in Walpole Inlet recovered to predredge status within -
two vears. At Pelican Rocks faunal recovery following

dledgLng was found to be incomplete after a period of twenty
years. The dredging operations along the Como foreshore during -
the 1950's left holegs in which fine gediment replaced sand.

Only two species out of eight probably common to the area

prior to dredging had recolonized these holes.  Their present
fauna most closely resembLed the fauna of the natural deeps
(Fig.17).

O

Re~establishment of benthic invertebrates in the propoged
dredging sites can be expected to be more successful tha
that noted above if:

i) the resultant substrate is of a coarser nature:
ii) water depth is less;
iii) the bottom is level and without deep enclosed holes.

i

However, the results of the present study would indicate
that any new substrate in more than 2m of water will have

a less diverse and less abundant fauna than is present in the
existing shallows.



Benthic invertebrates were a major food source for f£ish,:
and probably most bird species, of the Blackwood Estuary
(Wallace, 1976). The same is likely true for the Swan
Estuary. A decrease in invertebrate abundance at the
dredging site would have little or no effect on the wading

birds at Pelican Rocks, since the present water depth
prevents them from LaedJﬂ Bird 1life would be affected

if the nearshore fauna w roduﬁﬁﬁ by siltaticon. Botbtom
feeding fish, such as whiting, flathead, cobbler, gobies
and hardyvheads which inhabit the area (Chubb, pers. comm.),
would lose a rescurce of food at present available to them.
The nmambers of these species may diminish in the area as a
esult of decreased invertebrate abundance. A more definite
prediction is not possible without further and more detaziled
information.

'CONCLUSIONS

The Pelican Rocks area supports a rich invertebrate faun

This was charecterized by low faunal diversity, and hi gh

abundance of a few species. Invertebrates were most abundant
at the Applecross sites snd least abundant at the rivewr
transects. The decrease in species number is attributable

to the lower salinities C\OO"i)PL“G p;*Jem QS‘OPJaLIy in
winter. Habitat selection was an iment particle

size, water depth and oxyvgen co
Most species preferred sandy, s
as found in foreshore areas. Fe
reduced muds of the deep water.

Dredging is expected to have profound effec on the invert-
rates within the area of operation. The rggponse of animals
throughout the es tuary to a sediment cloud produced by

dredging is less predictable. Previously dredged arecas were
found to be unfavourable to the resstablishment of inverte-

brates. An irreversible decrease in abundance of invertebrates
at Pelican Rocks would appear to be the likely outcome of the
proposed dredging. :

The bird fauna at Pelican Rocks was not expected to be affected
by dredging. However, the numbers of benthic feeding fish

will probably decrease as a cons sequence of lowered invertebrate

abundance. The need to censerve the highly productive shallow

foreshore areas was apparent; preservation of these is vital

to the survival of both birds and fish in the area. Their area

could be increased by filling the hcles dredged along the Como

foreshore with spoil from any future dredging operations in

the area.
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IGURE 1T Benthic Sampling Locations in the Swan Estuary.
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KEY TO FIGURES ¢4 to 16 =

& . Sampling Station
‘ 1 Standard  Error
* <108 Individuals
Qe Halophila ovalis
S558 Gracilaria verrucosa

NOTE: Sediment type = 0 -~ 20cm



Transect 1., Felican Rocks
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FIGURE 7 Tronsect & Applecro
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