











of 1962-63 are believed to represent a temporary incursion into the Middle
Estuary similar to that of- Laevicardium apertum in the same period. A
mature, living specimen was collected at North Fremantle in Jan. 1974.

Tellina (Macomona) deltoidalis was commonly found living on the Rocky
Bay sand flat in Feb. 1960 and Jan. 1961 and since then has been collected
regularly, either living or in a recently-dead condition, from the sand flats
of the Lower Estuary, where it appears to be a continuous resident. Other
records, living and recently dead, from Pt Waylen, May 1953, Heirisson
Island, May 1953 and Pt Walter spit, Apr. 1960, suggest that it invades the
Middle Estuary in the summer but does not regularly survive the winter
phase of the hydrologic cycle. A single old valve from Belmont, Oct. 1966,
indicates a temporary extension into the Upper Estuary, probably following
an interval of reduced river discharge. It is occasionally collected in the sea
near Fremantle.

Tellina (Pharaonella) perna. A dead, articulated juvenile shell from the
Rocky Bay sand flat in the summer of 1959-60 appears to represent a
temporary incursion into the Lower Estuary as a result of the dry winter of
1959.

Tellina (Pinguitelliﬁa) sp. Mature, living specimens were collected from
the Rocky Bay channel and sand flat in Jan. 1974, following the normal
winter rainfall of 1973.

Tellina sp. This is a pink, thin-shelled tellin of undetermined subgenus;

recently-dead valves, some articulated, were collected from the channel of
the Lower Estuary in 1973 and 1974.

Sanguinolaria (Psammotellina) biradiata. Several live records and other
recently-dead specimens collected from Preston Point and North Fremantle
over 1971-73 indicate a continuous population in the Lower Estuary.
This species burrows deeply into the substrate and is not readily collected
alive.

Theora (Endopleura) lubrica. Live specimens were dredged from mud in
4 m at Lucky Bay, Feb. 1973 and Mar. 1974 and from Freshwater Bay in
Mar. 1974. It was abundant on each occasion and appears to be well
established in the basin and channel areas of the Middle Estuary. The only
other record of this species known to us from Western Australia is from a
beach near Rockingham, May 1971. It appears that the species may be a
recent addition to the benthos of the Swan Estuary, comparable with
Spisula (Notospisula) trigonella discussed previously. T. (E. ) lubrica has
recently been reported for the first time from places as far apart as California
(Seapy, 1974) and New Zealand (Powell, 1974) and appears to have
expanded considerably beyond its previously-known range along the
Pacific coast of Asia (Kuroda et al., 1971 : 447).
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Proxichione laqueata. A recently-dead single juvenile valve was found in
Jan. 1961 and a large single valve in poor condition was dredged in Jan.
1973. Both specimens were collected at Rocky Bay.

Dosinia (Pectunculus) sculpta. Recently-dead, articulated pairs of valves
were common on the Rocky Bay sand flat in the summer of 1960-61 and
may have lived during the dry winter of 1959. Numerous other recently-dead
specimens have been collected from around Rocky Bay since then but no
living specimen is yet known. The only local marine record known to us is
an articulated pair of valves in fresh condition collected at Rockingham in
1940; the species is common at Shark Bay and other northemn localities.

Circe sulcata. As with the preceding, there are several records of this
species, comprising recently-dead, articulated shells from the Lower Estuary
over the period 1960-75, but no living specimen has yet been obtained.
Some recently-dead, articulated specimens were also dredged from Melville
Water near Pt Walter in Oct. 1962 and Jan. 1963. This species was collected
in 1905 by the Hamburg Expedition in Freshwater Bay and listed by Thiele
(1930) as Circe lentiformis sp. nov. The Thiele type is of fresh appearance
and may have been collected living (R. Kilias, pers. comm.).

Paphia (Callistotapes) crassisulca. Recently-dead articulated specimens,
some of mature size, were dredged from the deeper parts of Rocky Bay in
Jan. 1978, Jan. and Mar. 1974. A living juvenile was obtained in Mar. 1974.

Irus (Irus) crenata was common throughout the Lower Estuary living on
sand flats, in rock cavities and in channel beds. Shells from rock cavities
tend to be of irregular shape. Living records from Pt Dundas, Dec. 1972 and
Applecross, Nov. 1972 suggest a temporary occupation of the lower part |
of the Middle Estuary following the previous dry winter. Other non-living
records from Canning Bridge and the Causeway, both 1961, point to
temporary settlement further upstream when conditions are favourable.

Irus (Irus) carditoides and Irus (Notirus) iridescens were collected alive
from the Rocky Bay sand flat in the summer of 1959-60, while Venerupis
anomala was also living there then and in the following summer. An empty,
articulated shell of Petricola (Velargilla) sp. was collected from the same
place in Jan. 1961. These records follow the dry winters of 1959-60; none
of the species has since been re-collected from the estuary.

Anticorbula amara. This appears to be the species collected at Guildford
in 1905 by the Hamburg Expedition and listed by Thiele (1930) as
Modiolus (Fluviolanatus) subtortus (Dunker). Lower Estuary records are
infrequent and the species appears to be temporary there. A. amara can live
at marine salinities (E.P.H., unpublished data) but there are no known
marine occurrences from Western Australia. The species is continuous in the
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Middle and Upper Estuaries and collecting in recent years has established
that it inhabits the Swan-Avon River upstream to beyond York. This
non-estuarine population appears to have become established over the past
50 years and its establishment coincides with pronounced hydrologic
changes, mainly increased salinity, in the Avon River (Kendrick, 1976).
Such changes have been attributed to the clearing of land for agriculture
{Peck and Hurle, 1973). The species lives attached by byssal threads to
submerged, firm substrates, large sand grains and aquatic plants.

An assortment of gastropods, Acmaea (Notoacmea) onychitis, Littorina
(Austrolittorina) unifasciata, Epitonium sp. cf. E. imperiale, Siphonaria
luzonica and 8. baconi, were all collected alive from the Rocky Bay-Preston
area in the summer of 1973-74. A. (N.) onychitis (empty shells in growth
position) was also found at Preston Pt in Dec. 1960. These records all
follow dry winters.

Bembicium melanostomum is common on intertidal rocks from Blackwall
Reach downstream. In Western Australia, this species is mainly confined to
estuaries, although a small marine population occurs on the south side of
Woodman Point near Fremantle. Thompson (1946) recorded a ““Trochus
sp.” in abundance along the littoral of Freshwater Bay. The identity of this
species is uncertain but it may have been B. melanostomum, which has a
trochiform shell. If so, there appears to have been a contraction of range
downstream within the last 30 years.

Tatea preissi was first collected by Preiss from the Swan Estuary about
1840 and described by Menke (1843) under the preoccupied name Paludina
acuta. Our earliest subsequent records are dead shells from Peppermint
Grove, 1927 and from Bicton and Belmont, 1956. It was found living among
mat colonies of Xenostrobus securis at the Causeway, Nov. 1969 and was
common, living on intertidal rocks at Pt Walter, Pt Dundas and Peppermint
Grove, Apr. 1970. This species appears to be a continuous inhabitant of
the intertidal of the Middle Estuary and upstream to about Guildford; no
marine or fluviatile records are known from Western Australia.

Hydrococcus graniformis was initially collected by Preiss around 1840
from ‘“‘among white quartz sand on the bank of the Swan River” (Smith,
1882). Menke (1843) described these specimens under the preoccupied
name Paludina granum. Thiele (1928) re-named and further described the
Preiss-Menke specimens, adding details of the anatomy, indicating that they
were collected alive. In all probability, they originated (together with
Preiss’ specimens of Arthritica semen), from a marginal sand flat of Melville
Water in the Middle Estuary. Since the initial discovery, no living specimen .
of H. graniformis has been recorded from the Swan. Observations of the
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species in other estuaries of south-western Australia (e.g., Leschenault,
Hardy and Nornalup Inlets) show that the preferred habitat is on shallow
sand flats. In the Middle Estuary of the Swan, this habitat has been
considerably modified over recent decades by extensive dredging and shore
reclamation. Empty shells of H. graniformis, none of fresh appearance, are
common in fine substrates of the Lower and Middle Estuaries. They do not
appear to have lived recently and it appears not unlikely that the species is
now extinct in the Swan. There are no fluviatile or marine records from
south-western Australia but the species is common in parts of Shark Bay;
its listing as a freshwater element by McMichael (1967) is incorrect.

Potamopyrgus sp. Old shells of this species have been occasionally found
in fine substrates from the Rocky Bay area but only recently (Mar. 1975)
have living specimens been found. These were located in the Canning Arm
at Riverton on sand flats and among rushes of a largely unmodified area.
The species inhabits other estuaries in south-western Australia but there are
no wholly marine or fluviatile records.

Assiminea sp. Living specimens were found together with Potamopyrgus
sp. amongst rushes in the Canning Arm, Riverton, March 1975. Both of these
species may have been overlooked previously because of their now-restricted
habitat, which has been progressively eliminated by dredging and reclamation.

Plotiopsis australis is the only mollusc species of freshwater affinity
known to occur in the estuary. It can survive salinities up to 25%o (Blackwell,
1969) and is common in the Upper Estuary above Guildford. The species
oceurs in rivers of northern Western Australia, south to the Swan-Avon.

Batillaria (Velacumantus) australis. Since 1960, this species has been
collected regularly from the Lower Estuary and the lower part of the Middle
Estuary, where it occurs in abundance. Empty shells from the Canning at
Mt Pleasant, Apr. 1972 and living specimens from Canning Bridge, Dec. 1972
suggest temporary range extensions upstream following periods of reduced
river discharge.

Alaba fragilis was common living on a weed-grown part of the Rocky
Bay sand flat in Jan. 1973 (following the dry winter of 1972), but living
specimens were rare at the same station one year later. Freshly-dead
specimens were obtained in the same general area in 1956 and 1963.
The type material was collected at Freshwater Bay (Thiele, 1930).

Trophon (Bedeva) paivae. Common on the sand flats, rocky shores and
channel throughout the Lower Estuary. Freshly-dead shells and occasional
. living specimens have been found in Freshwater Bay and Melville Water
near Pt Walter.
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Zafra vercoi and ?Aclis sp. were both common species living on the Rocky
Bay sand flat in Jan. 1973 but only empty shells of each species were
collected at the same station in Jan. and Mar. 1974. Evidently the species
became established in the Lower Estuary following the dry winter of 1972
but could not survive the winter of 1973.

Nassarius pauperatus. Mature specimens, both living and recently-dead,
have occasionally been found on the sand flats of the Lower Estuary;
living specimens have also been collected at Pt Resolution, Mar. 1969, and
Pelican Pt, Mar. 1973. Smith (1975) has established that 12 to 18 months
are required for this species to reach maturity. It appears therefore that
specimens collected would have survived at least one winter in either the
Middle or Lower Estuaries.

Nassarius burchardi is a continuous inhabitant of sand flats and deeper
areas throughout the Lower and Middle Estuaries, where it is one of the
most abundant gastropods. Empty shells from Belmont, Dec. 1970, suggest
a temporary move into the Upper Estuary, perhaps following the dry
winter of 1969. Over the period 1972-74, N. burchardi was killed during the
winters in shallow waters at the upper limits of range, but was able to
survive in deeper, more saline waters in the same general area (Smith, 1975).
From the Swan, the species is known only since about 1965, when the
initial records were made. It was not observed during intensive collecting of
the Rocky Bay-Pt Walter area in 1959-63, although the much rarer N.
bauperatus was collected twice in that period. The first appearance and
subsequent massive proliferation of N. burchardi, a scavenger, coincided
with the establishment of Spisula (Notospisula) trigonella in the estuary
(Wilson and Kendrick, 1968). The two species have a similar distribution
within the estuary and the bivalve may be an important food resource for the
snail.

Nassarius pauperus. Living and freshly-dead specimens of mature size
dredged from the channel of the Lower Estuary on four occasions over
1978-74 suggest a continuous population there.

Philine angasi. Records of living specimens from the Blackwall Reach
channel (Jan. 1963, Nov. 1969) and the Rocky Bay sand flat (Jan. 1974)
suggest that a continuous population inhabits the Lower Estuary.

Philine sp. was collected from the Rocky Bay sand flat (Jan. 1973,
dJan. and Mar. 1974) and in Lucky Bay (Mar. 1974). These are the only
known records for the species, which is believed to be undescribed (R. Burn,
pers. comm.).

Akera soluta was found living on the Rocky Bay sand flat in Jan. 1974
and may be only temporary in the Lower Estuary.
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Temnopleurus michaelseni. This echinoid was dredged alive from the
Rocky Bay channel in Dec. 1962, Jan. 1963 (from field notes, G.W.K.) and
in Jan. 1978; also collected alive from rocks in the sublittoral at Bicton,
Apr. 1974.

Breynia australasize. A freshly-dead test of adult size, devoid of spines
but with some of the fragile anal plates intact, was collected at Lucky Bay
in Nov. 1961, following the dry winters of 1959-60.

Peronella lesueuri, The first of two records comprises four juveniles, all
bearing spines and evidently collected alive. They were collected by members
of the Natural History Society (forerunner of the Royal Society of Western
Australia) apparently in Dec. 1908 during a dredging excursion between
Perth and Chidley Point. A live juvenile of this species was trawled from
8.10 fathoms in Blackwall Reach, June 1962, following a sequence of dry
winters.

The ophiuroids Amphiura sp., Ophiactis sp. and Amphipholis squamata
were dredged from the Lower Estuary channel below Pt Roe in Jan. 1973
and Mar. 1974.

Astropecten triseriatus was dredged from 7-10 m in Blackwall Reach,
July 1970, and was collected in less than 1 m of water on sand at Bicton,
Feb. 1971. Anthenea australis was collected at Mosman Bay in Jan. 1974
and at Bicton in Apr. 1974. These few starfish records probably represent
temporary incursions into the lower parts of the estuary.

The anemone Radianthus concinnata was dredged from 4-8 m on the
western slope of the Rocky Bay sand bank in Jan. 1973.

Culicia sp. cf. C. tenella. A living colony of this small, semi-colonial,
ahermatypic coral was dredged from a shingle substrate in the channel of
the Lower Estuary near Minim Cove in Mar. 1974. It is indistinguishable in
size of colony and growth form from samples of the same species from
Garden Island off Fremantle (L.M. Marsh, personal communciation, Oct.
1975).

Part 2. Littoral surveys during the summers of 1972-73 and 1973-74.

Surveys of benthic fauna around the margins of the Swan Estuary were
carried out by P.N. Chalmer from Dec. 1972 to Feb. 1973 and during
Nov.-Dec. 1978. The first survey followed a period in which three of the
four preceding winters had been relatively dry (fig. 2) and winter salinities
had remained relatively high (see Introduction). The subsequent winter of
1973 was comparatively wet and the surface salinity in the Middle Estuary
was no more than 5%o for the 6-8 weeks during August-September.
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On both surveys, the margins of the estuary within a water depth of one
metre were collected. Rocks, logs, piles and beds of sea grass (Zostera
mucronata, Halophila ovalis) were examined; substrates were washed through
a 1 mm sieve. Specimens were identified and recorded on site and most
were released. Some of the less common species were deposited in the
Western Australian Museum. Common species only are recorded here.

Results. The Lower, Middle and Upper Estuaries were subdivided into
12 zones (fig. 1) to permit a more detailed presentation and analysis of
results. Species distributions according to zones on each survey together
with habitat preferences are shown in Table 2.

Distributions of four mollusc species, Sanguinolaria (Psammotellina)
biradiata, Bembicium melanostomum, Plotiopsis australis and Aplysia sp.
were unchanged on the two surveys. These species occurred at either the
upper or lower extremities of the estuary, the parts of greatest hydrologic
stability. Four other species, Xenostrobus securis, Arthritica semen, Tatea
preissi, and Anticorbula amara, which are usually associated with the Middle
and Upper Estuaries, had extended their ranges downstream, the first
three as far as Rocky Bay, by the second survey. '

The ranges of the other molluscs, Mytilus edulis plenulatus, Spisula
(Notospisula) trigonella, Irus (Irus) crenata, Batillaria (Velacumantus)
australis, Nassarius burchardi, Tellina (Macomona) deltoidalis and Trophon
(Bedeva) paivae, had contracted downstream by the second survey; on that
occasion, only recently-dead shells were found at the previous summer’s
upstream range limits. The second survey further showed that the first five
of these seven species were represented at their upstream limits only by
newly-settled juveniles, which had evidently been dispersed as larvae from a
downstream source in the estuary. For example, the upstream limit of
adult Mytilus was at Rocky Bay in the Lower Estuary (zone 1), but
newly-settled juveniles were located as far upstream as Nedlands in the
Middle Estuary (zone 4). Similarly, on the first survey it was noted that
S. (N.) trigonelle and N. burchardi were represented at their upstream
limits by juveniles which apparently had extended their ranges upstream as
planktonic larvae.

The crab Halicarcinus bedfordi maintained its range between the surveys,
although it was less common on the second occasion. This species was
abundant amongst the sea grass Halophila ovalis, the leaves of which died
back during the winter of 1973, and the reduced numbers of the crab are
considered to be a direct response to the temporary decline of the Halophila
beds. If so, then the reduced numbers of H. bedfordi would have been only
an indirect consequence of the winter river discharge. The congenor,

403




TABLE 2

Records of common benthic fauna living in shallow marginal habitats around the Swan Estuary. For each species, the upper,
continuous line shows the distribution observed during the summer of 1972-73. following several dry winters. The lower, broken
line shows the distribution observed in the summer of 1973-74, following a winter of above-average rainfall. Zonal boundaries are

shown in fig. 1. Asterisks denote ‘‘not sampled”.

LWR.] MIDDLE UPPER
EST.| ESTUARY ESTUARY HABITATS
ZONES 1 j21{38|4 10 7 18 (9]11]12
MOLLUSCA

1. Mytilus edulis pleanulatus Attached to rocks, jetty piles.

2. Xenostrobus securis Attached to rocks, logs, jetty piles.

3. Arthritica semen — In sandy to muddy substrates.

4. Spisula (Notospisula) trigonella In sandy to muddy substrates.

5. Tellina (Macomona) deltoidalis — In sandy to muddy substrates.

6. Sanguinolaria (Psammotellina) biradiata Deeply buried in sandy substrates.

7. Irus (Irus) crenata — In sand, mud or rock crevices.

8. Anticorbula amara Attached to plants, rocks, logs, sand grains.

9. Bembicium melanostomum On rocks, intertidal.
10. Tatea preissi — b= =T On rocks, logs, among rushes.
11. Piotiopsis australis k== On sandy to muddy substrates.
12. Batillaria (Velacumantus) australis == | On or within sandy to muddy substrates.
13. Trophon (Bedeva) paivae On rocks or sandy to muddy substrates.
14. Nassarius burchardi — | On or within sandy to muddy substrates.
15. Aplysia sp. On submerged rocks.

CRUSTACEA
16. Halicarcinus australis (Haswell) Under rocks, logs. .
17. Halicarcinus bedfordi Montgomery 1 P On rocks, jetty piles or in sea grass.
18. Balanus sp. — Attached to piles, rocks, ete.
POLYCHAETA

19. Mercierella enigmatica Fauvel = Tubes on jetty piles, logs, rocks.
20. Australonereis ehlersi (Augener) o In coarse, sandy substrates.
21. Marphysa sanguinea (Montagu) In sandy to muddy substrates.
22. Ceratonereis erythraeensis (Fauvel) * * k¥ In sandy to muddy substrates.
23. Haploscoloplos kerguelensis (McIntosh) * * 1 * 1 In sandy to muddy substrates.
24. Diopatra sp. In sandy to muddy substrates.
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H. australis, extended its range downstream a little during the 1973 winter,
but this does not seem to be a direct response to salinity changes, in view of
the wide tolerances of the species established by Lucas and Hodgkin (1970).

The range of the estuarine barnacle, Balanus sp., contracted downstream
between the two surveys.

Of the polychaetes studied, only the range of Ceratonereis erythraeensis
changed between the two summers, expanding upstream. We consider that
the distribution of Mercierelle enigmatica probably remained unchanged
between the two summers, despite gaps in the collection records.

Discussion

Though incomplete in many respects, the data presented herein are
relatively comprehensive for molluscs, and for this reason the discussion
and conclusions will be based largely on molluscan evidence. We recognize
that there is an element of uncertainty and subjectivity in some of our
assessments of the status of individual species, but nevertheless consider
that the information obtained enables some generalizations to be made
about the Swan Estuary and its fauna and will assist future studies on
environmental and faunal trends.

In all, 97 mollusc species have been recognised as inhabitants, either
continuous or temporary, of the Swan Estuary. Within this highly diverse
aggregate, four broad groupings may be recognised. These are:

(i) species of marine affinity, with no more than temporary or sporadic
estuarine representation — 64 species (66%);

(ii) species of marine affinity, with more or less continuous estuarine
representation — 25 species (26%);

(iil) species of exclusively estuarine affinity, having neither marine nor
freshwater representation — about seven species (7%); and

(iv) species of freshwater affinity, with limited estuarine and no marine
representation — one species (1%).

Species of marine affinity, both continuous and temporary, dominate
the mollusc fauna of the Lower Estuary (equivalent to zone 1 on table 2)
and in most cases do not extend further upstream. Of the 25 species
considered to live continuously in the Lower Estuary, no more than about
six seem to be able also to live continuously in the Middle Estuary and only
four of these appear to have made temporary incursions in the Upper
Estuary during sustained periods of low river discharge. The group is
therefore characterised by drastic attenuation above the Lower Estuary;
significantly, all of the six species which live continuously in the Middle

405




Estuary, i.e., Spisula (Notospisula) trigonella, Tellina (Macomona) deltoidalis,
Theora (Endopleura) lubrica, Batillaria (Velacumantus) australis, Nassarius
pauperatus and N. burchardi, are much more abundant in this and other
estuaries than in normal marine environments. This subgroup of six species
stands apart from the others in the fauna in exhibiting a preference for
estuarine living, while retaining the ability to inhabit the sea. The presence
in the Lower Estuary of such a diversity of marine molluscs (89 species),
together with eight echinoderms, an alcyonarian and a scleractinian as
as either continuous or temporary inhabitants, demonstrates the distinctive-
ness of the Lower Estuary as defined here and justifies the three-part
biotopic subdivision of the Swan Estuary.

The seven exclusively estuarine species are Xenostrobus securis, Arthritica
semen, Anticorbula amara, Tatea preissi, Potamopyrgus sp., Assiminea sp.
and Hydrococcus graniformis. These characterise the Middle and Upper
Estuaries; the first four are believed to range temporarily into the Lower
Estuary in the wake of strong winter flooding. Potamopyrgus sp. and
Assiminea sp., are known only from the Upper Estuary and H. graniformis
has not been recorded alive from the Swan since about 1840. Despite
its presence in the Avon River, A. amara is included in this grouping of
wholly estuarine species because we consider that this reflects the original
relationships of the species in the estluary prior to changes in the hydrology
of the Swan-Avon, caused by agricultural practices since the turn of the
century. Elsewhere in south-western Australia, the species inhabits estuaries
but apparently avoids freshwater tributaries.

The only truly freshwater element, the snail Plotiopsis australis, is
confined to the higher reaches of the Swan Arm, where it is the sole
gastropod.

Over the period covered by our studies, there is evidence that three
mollusc species have become established within the Lower and/or Middle
Estuaries of the Swan. These are Spisula (Notospisula) trigonella, Nassarius
burchardi and Theora (Endopleura) lubrica, earliest estuarine records are
Dec. 1964, Dec. 1965 and Feb. 1973 respectively. We interpret the
appearance of these species in the Swan as consequences of transient marine
migrations, which by virtue of pre-adaptation to local estuarine conditions,
were able to successfully occupy otherwise vacant niches. Conversely, there
is reason to suspect that one species, Hydrococcus graniformis, has become
extinct in the Swan within historic time.

The patterns of response to annual, cyclic environmental changes that are
evident from two littoral surveys, one after a series of winters of low rainfall
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and relatively high estuarine salinity, the other after a wet winter with a
relatively low estuarine salinity are:

(i) the ranges of non-marine species contracted upstream in a period. of
relatively dry winters and advanced downstream after the next wet
winter;

(i) conversely, the ranges of species of marine affinity extended
upstream during a period of dry winters but these extensions did not
withstand the next wet winter; and

(iii) by early summer, the larvae of most marine species had successfully
recolonised those parts of the estuary upstream where all adults had
perished during the previous winter flood.

Conclusions

The Swan Estuary is divisable into three parts on the basis of the
distribution of the benthic fauna, particularly the molluscs. The Lower
Estuary contains the greatest number of species. Most of these also live in
adjacent marine waters and many are believed to invade the Lower Estuary
seasonally as planktonic larvae; other marine species inhabit the Lower
Estuary more or less continuously and, when conditions permit, invade the
Middle and, less often, the Upper Estuaries. Ten mollusc species live
continuously in the Middle Estuary, and are uncommon in or absent from
the local marine environment. One freshwater species only occurs in the
Upper Estuary.

The composition and distribution of the benthic fauna change seasonally,
annually and over longer periods. There is a tendency for species ranges to
shift upstream in summer and during prolonged dry periods and to shift
downstream during the freshwater winter flood. The number of species
inhabiting the estuary increases temporarily during summer and over
periods of one or more dry winters, when higher estuarine salinities enable
marine species to enter the estuary and move upstream. Superimposed on
these short-term fluctuations are faunal trends of longer duration, involving
the acquisition and loss of species of continuous status within the fauna.
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