Maps showing the location of Broke, Irwin and Wilson inlets, Oyster Harbour, Wellstead
Estuary and Stokes Inlet on the south coast of Western Australia and the location of sampling
sites (@) in those estuaries.




Community consultation

Community workshops

Throughout the course of this project,
Murdoch University researchers have
kept the public up-to-date with our
research and findings by presenting an
annual community workshop in Denmark,
Albany and Bremer Bay. These
workshops have been well received and
feedback has indicated that the
community has benefited from the
information given. The workshops also
provided the opportunity to survey the
community on the values associated with
south coast estuaries and any threats to
those values.

Community values

Based on our community survey,
members of the local communities
situated near south coast estuaries
place a high value on a number of
different aspects associated with those
systems. The most common values
included fishing, bird watching and
other recreational activities. The
natural environment and visual
amenity also ranked high in the values
that community members place on the
estuaries.

Threats

Community members felt that the
estuaries on the south coast are
threatened by a number of issues. Most
prominent was the threat posed by
eutrophication as a result of catchment
clearing and agricultural practices, along
with associated algal blooms. Other
issues included the threat of over-fishing,
the artificial breaching of sand bars and
the effects of power boats.




Fish faunas of nearshore, shallow waters

South coast estuaries

The fish faunas in the nearshore, shallow waters of south coast estuaries are dominated to a
remarkable extent by species that complete their entire life cycle within estuaries e.g. the
Elongate and Western hardyheads and the Southern Longfin and Bluespot gobies. Each of
these species spawns in estuaries and is small and short lived, typically completing its life
cycle in a single year. Marine fish species also make a contribution to the fish faunas of these
waters and may be considered either marine-estuarine opportunists, which are those species
that spawn at sea but enter estuaries in large numbers and typically as juveniles, e.g. King
George Whiting and mullet species, and marine stragglers which are those species that
spawn at sea and enter estuaries infrequently and typically in small numbers, e.g. wrasse and
pipefish.

Comparisons among the different estuaries

The fish fauna of the basin of each estuary was dominated by the same six species, which
included three species of atherinid, /e. the Elongate and Western hardyheads and the
Silverfish and three species of goby, /e. the Southern Longfin, Bluespot and Southwestern
gobies. Despite this, the fish fauna of each estuary was distinctive, reflecting differences in
the contributions made by each of the above species and also, to a lesser extent, the
contribution made by marine species. This variation reflected differences in the extent and
duration of the opening of the estuary mouth and/or whether there was extensive growth of
macrophytes.

Photo 60urtesy of David Morgan

A species of atherinid, the Western Hardyhead A species of goby, the Bluespot Goby

Number of species
The contribution made by marine species was greatest in Oyster Harbour, which is
permanently open to the ocean, and least in Wellstead Estuary, which is normally closed.

Density of fishes
The density of fishes was least in Broke Inlet, which had the lowest primary productivity, and
was, by far, the greatest in Wellstead Estuary, which is highly eutrophic.




Fish faunas of offshore, deeper waters

South coast estuaries

The fish faunas in the offshore, deeper
waters of south coast estuaries generally
comprise a mixture of species that either
spawn within estuaries, e.g. Black Bream
and Estuary Cobbler; spawn at sea but enter
estuaries in large numbers, e.g. King George
Whiting and mullet species; or spawn at sea
and enter estuaries in small numbers, e.g.
leatherjackets, sharks and rays.

Comparisons between basins and rivers
Overall, and irrespective of estuary type, the
species compositions of the basins and
rivers differed markedly. This was due to
consistent and relatively high abundances of
Sea Mullet, and usually also of Black Bream,
in the rivers of each estuary and the
restriction of a range of species, typically of
marine origin, largely to the basins.

Comparisons among the different estuaries
The species compositions in, particularly, the
basins varied markedly, reflecting differences
in the extent and duration of the opening of
the estuary mouth and/or whether there was
extensive growth of submerged aquatic
plants.

Number of species

Overall, Oyster Harbour had the greatest
number of fish species and Broke Inlet had
the least. The number of species was greater
in the basins than rivers, where salinities
were more variable and fell to lower levels
and were thus less conducive to the
immigration of most marine species.

Catch rates

Catch rates were least in Broke Inlet, which
had the lowest primary productivity, and were
particularly high in Wellstead Estuary, which
is highly eutrophic.

Comparisons between basins and rivers
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Ordination plots of the fish species compositions in
offshore, deeper waters of five south coast estuaries.
When points are close together, the compositions
are very similar and when points are far apart, the
compositions are very different.




Percentage contributions of each fish species to the total catch in offshore, deeper waters of the basin and river
of the Broke, Irwin and Wilson inlets, Oyster Harbour and Wellstead Estuary. Life-cycle categories are given,
M = marine-spawning, E = estuarine-spawning, F = freshwater-spawning.

Basins Rivers
S . LC Broke Irwin Wilson Oyster Wellstead Broke Irwin Wilson  Oyster Wellstead
pecies - Inlet Inlet Inlet Harbour  Estuary Inlet Inlet Inlet Harbour  Estuary
Yelloweye Mullet M 46.9 21 214 1.7 43.7 5.4 1 1.6 14.9
Australian Herring M 18 18.4 9.1 10.5 1.8 1.4 0.5 < 0.6
Sea Mullet M 8.5 11.6 9.7 23 16.7 96.2 70.3 37 13.6 282
Six-lined Trumpeter M 5.6 82 28.8 1.1
Black Bream E 0.4 34 7.1 254 0.9 10 45.2 46.2 53
Estuary Cobbler M 16.2 11.9 4.7 09 1.4 1.9
Silver Trevally M 6.8 74 0.2 83 0.1 0.6 0.1
Australian Anchovy E 29 1 15.8 0.3 0.3 0.3 0.8 35 22
Western Australian Salmon M 0.9 59 0.2 38 6.1 10.5 0.8 1.1 1.1
King George Whiting M 0.7 0.8 38 5.4 0.5
Yellowtail Scad M 10 22
Southern Bluespotted Flathead L 0.1 03 7.7 1.1 0.1 0.1 0.1
Longsnout Flounder E 2.4 52 0.6 0.5 0.3 0.1 1.1 0.4 0.1
Southern Garfish E 53 0.7 2.8 0.1 <0.1
Tarwhine M 2 2.4 1.6 0.2 1.9 0.5 0.3 1.2 0.5
Soldier M 0.2 1.5 2 0.1 0.1
Snapper M 0.6 0.8 1.6 0.1 0.1 0.2
Rock Flathead M <(0.1 26
Western Shovelnose Stingaree M 24
Spinytail Leatherjacket M 0.1 0.1 02 1.1
Smalltooth Flounder . 0.9 0.2 0.1 02 0.5 0.1
Beaked Salmon M 02 0.2 0.7 0.3
Sixspine Leatherjacket M 0.1 0.2 0.1 0.9 <0.1
Mulloway M 1.1 278
Blue Weed Whiting M 1.1
Tailor M 0.1 0.6 0.4 0.3
Southern School Whiting M 0.9
Port Jackson Shark M 0.8
Yellowfin Whiting M 02 0.4 0.2 <0.1 03
Western Seacarp M 0.7 0.1
Longhead Flathead M 0.7
Snook M 0.7
Red Gurnard M 0.6
Old Wife M 0.1 0.2 0.1 0.1
Australian Giant Herring M 0.1 0.1 <0.1 0.1
Dusky Morwong M 0.3
Ocean Jacket M 0.3
Southern Fiddler Ray M 0.3
Western Shovelnose Ray M 02
Western Pomfred M 0.2
Elongate Flounder M 0.1
Yellow Crested Weedfish M 0.1
Silver Drummer M 0.1
Little Gurnard Perch M 0.1
Southern Eagle Ray M 0.1
Bighead Gurnard Perch M 0.1
Toothbrush Leatherjacket M <01
Western Blue Groper M <0.1 <0.1 <0.1
Bridled Goby M <0.1
Redlip Morwong M <0.1
Crested Morwong M <0.1
Prickly Toadfish M <0.1 <0.1
Smooth Stingray M <(0.1
Banded Toadfish M <0.1
Brownspotted Wrasse M <0.1 <0.1
Redfin F 035
Smooth Hammerhead M <0.1
Bluespotted Goatfish M <0.1
Total number of species 29 25 22 35 14 6 11 9 16 8




Historical comparisons

The compositions of the fish faunas of the offshore, deeper waters during the current
project have been compared with those collected historically by Murdoch University
researchers for Wellstead Estuary about 10 years ago and Wilson Inlet 20 years ago.
The results of these comparisons have shown that the compositions of the fish faunas
in those two estuaries have changed considerably between the different periods.

In Wellstead Estuary, the difference between the two periods could largely be
attributed to an increased abundance of most species, including Yelloweye Mullet,
Black Bream, Western Australian Salmon, Sea Mullet and Australian Herring, in the
2005-07 period. These increased numbers of fish possibly reflect differences in
environmental characteristics between the two periods. In particular, salinity, which
increased to 112 during the earlier time period and did not exceed 45 during the
current study. The fact that the sand bar was only breached for two very short periods
in the early study, yet was open for nearly a year prior to and at the beginning of the
present study, would also have influenced the number of individuals of marine species
present.

The fish faunas of the offshore, deeper waters of Wilson Inlet also underwent a
pronounced shift between 1987-89 and 2005-07. This change in the composition of the
fish fauna between 1987-89 and 2005-07 could be attributed to pronounced decreases
in the abundances of Estuary Cobbler, Bluespotted Flathead, Yelloweye Mullet and
King George Whiting and to increases in the abundances of Black Bream, Six-lined
Trumpeter, Australian Herring and Southern Garfish. These differences in fish
composition and abundance are probably due to a combination of environmental
change, e.g. reduced marine exchange and increased submerged aquatic vegetation,
and the effects of fishing pressure.

Wellstead Estuary Stes 00 Wilson Inlet Sres015

5-
1996-98 2005-07 2005-07

1987-89

Ordination plots of the fish species compositions in offshore, deeper waters of the Wellstead Estuary and
Wilson Inlet from different time periods. When points are close together, the compositions are very
similar and when points are far apart, the compositions are very different.
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Tag and release programme

The lagging team

A small group of committed recreational
fishers were invited to take part in our
tag and release programme which
targeted Black Bream and King George
Whiting in Wilson Inlet. The fishers
were trained by Recfishwest tagging
co-ordinator Andrew Rowland and
equipped with the gear necessary to
safely and ethically tag and release
fish.

11

Tagging and recapture success

To date a total of 440 Black Bream and
290 King George Whiting have been
tagged and released in Wilson Inlet as part
of this study. Through the involvement of
the community, 18 recaptures of Black
Bream and 6 recaptures of King George
Whiting have been reported to date. This
component of the project is ongoing and
fish will continue to be tagged and
released in Wilson Inlet.

Project extension into Oyster Harbour
Due to the high level of community
involvement and satisfaction with this
component of the project, a small team
of fishers mainly from Albany Senior
High School have been trained and
equipped to tag and release Black
Bream, King George Whiting and
Mulloway in Oyster Harbour and its
rivers. Initial reports indicate that the
numbers of Black Bream and Mulloway
tagged are particularly encouraging.
The extension of this very successful
tagging project has been made possible
through the support of the Great
Southern Regional Recreational
Advisory Committee.

REWARD

FOR INFORMATION ON RECAPTURED TAGGED FISH

Murdoch University's Centre for Fish and Fisheries Research is currently
undertaking research on the fish faunas of six south coast estuaries
including Wilsen Inlet. A tagging programme is underway with a number of
King George Whiting and Black Bream having been tagged and released
in this estuary. We hope to gain valuable information on the growth and
movement of these species from the data collected during this study.

Iing Gaorgs Whiting (Sillaginodes punclsia)

Black Bream (Acanthopagrus bulchen)

The success of any tagging project depends on the information gathered
when tagged fish are recaptured. The species, date, location, tag number,
fish length and whether the fish was released or retained are all vital data.
If you catch a tagged fish, please report this information to RECFISHWEST,
toll free on 1800 682 002 and we will send you a REWARD.

Undersize fish must be returned to the water, however, if size tagged fish are
kept. we would appreciate if you would also keep the frames (fileted skeleton
with gut intaet) frozen for us te analyse. Please telephone Ben Chuwen on

0428 434 588 and he will arrange to pick up the frames at your convenience.

Thankyou for your help.




Black Bream tag recaptures in Wilson Inlet

© Tagging locations

® Recapture locations

2 fish
captured

3 fish tagge)

2 fish captured

j=x

© Tagging locations

® Recapture locations

King George Whiting tag recaptures in Wilson Inlet
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Black Bream Acanthopagrus butcheri
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Species information

The Black Bream is one of the few
large fish species in south-western
Australia that completes its entire
lifecycle only within the estuarine
environment and thus has no marine
populations. This iconic species is
highly sought after by recreational
fishers for its excellent fishing and food
qualities and also forms an important
part of the south coast commercial
estuarine catch. Black Bream, which is
only found in southern Australia,
generally remain in the estuary in
which they were spawned throughout
the whole of their life and populations in
different estuaries show some genetic
differences. They are opportunistic
feeders, preying on a wide variety of
food sources including algae, insects,
mussels and fish. The oldest Black
Bream yet recorded was 31 years old
and was captured in the Blackwood
River Estuary. The maximum recorded
length and weight of Black Bream are
540 mm and 3450 g. In this study, the
oldest Black Bream was 15 years old
and the maximum length and weight of
this species was 404 mm and 1125 g.
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Growth curves for female Black Bream in Irwin Inlet
(black), Wilson Inlet (blue), Oyster Harbour (green),
Wellstead Estuary (red) and Stokes Inlet (yellow).

Growth

Although female and male Black Bream
from the same estuary grow at similar
rates, growth differs considerably among
populations in different estuaries. Of the
six estuaries studied, this species grew
fastest in Irwin Inlet and slowest, during
early life, in Wellstead Estuary and Stokes
Inlet. Previous work on Black Bream has
shown that the differences in growth of this
species among estuaries is related far
more to environmental factors than
genetics. Environmental factors that may
influence growth of Black Bream include
competition for resources, food availability
and water quality parameters such as
salinity.

Length at maturity

Although Black Bream was shown to generally mature at a similar age (end of their
second year of life), the size at which they became mature varied markedly among the
different estuaries, which reflected differences in growth. For example, in the Wellstead
Estuary and Stokes Inlet where Black Bream grow relatively slowly, maturity is reached
by males at about 145 mm and by females at about 155 mm. In contrast, this species in
Irwin Inlet reaches maturity at about 180 mm for males and 190 mm for females.
Because the minimum legal length for retention for this species is set at 250 mm,
potentially all individuals are able to spawn before becoming vulnerable to fishing.




Black Bream Acanthopagrus butcheri

Age structure and variable
recruitment

The age structure of Black Bream
varied markedly among the different
estuaries. In Irwin Inlet only the five
year classes (fish hatched within a
particular year) between 2002 and
2006 were present, whereas in
Wilson Inlet, 13 of the year classes
between 1991 and 2004 were
recorded. Most of the year classes
between 1991 and 2005 were
captured in the Wellstead Estuary
and the same was true in Stokes
Inlet for the year classes between
1993 and 2006.

Black Bream also displayed
variable annual recruitment success
in the different estuaries. For
example, over 50% of the population
>100 mm in length in Wilson Inlet
had been spawned in 2002, while in
Oyster Harbour the same was true
for those spawned in 2001.
Individuals spawned in 1998
dominated the populations in both
the Wellstead Estuary and Stokes
Inlet. These results demonstrate
that, even between geographically
close systems such as Wilson Inlet
and Oyster Harbour, large variations
in year class strengths exist. It is
noteworthy that the recruitment of
Black Bream was most variable in
the estuaries located furthest east
on the south coast, where rainfall is
least predictable. Since Black
Bream have been shown to
reproduce most successfully in
salinities of about 25, it is presumed
that river flow during the spawning
period influences the spawning
success of this species in south
coast estuaries.

Histological slide of a Black Bream ovary in spawning
condition with hydrated (H) eggs.
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King George Whiting Sillaginodes punctata

Species information

The King George Whiting is a marine
species that spawns at sea and can
enter estuaries in large numbers and
usually as juveniles. The estuarine
environment, where abundant food and
shelter are typically available, provides
an important nursery habitat for
juveniles of this species. King George
Whiting is highly sought after for its
excellent food qualities and is an
important component of the south coast
commercial estuarine fishery. King
George Whiting mature at about
420 mm in length and then move into
deeper offshore marine waters where
they spawn over reefs. The oldest King
George Whiting recorded in south coast
estuaries was 5 years old. They can
attain a maximum length and weight of
610 mm and 2300 g.
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Growth curves for female King George Whiting in
Irwin Inlet (black), Wilson Inlet (blue), Oyster
Harbour (green) and Wellstead Estuary (red).

Variable spawning success

The level of recruitment of juvenile King
George  Whiting into  nearshore
environments can vary substantially
between years with, for example,
substantial recruitment of fish hatched
in the mid 1990s resulted in large
catches of this species being taken
along the south coast for several
subsequent years. This study has
shown that the recruitment of the
juveniles of King George Whiting into
estuaries on the south coast also varies
markedly, depending to a large extent
on the timing, duration and extent of the
opening of the estuary mouths.

Growth

While the growth patterns of King George
Whiting were very similar in lrwin Inlet,
Wilson Inlet and Wellstead Estuary, the
maximum age recorded for this species in
those estuaries varied from between 2 and
5 years. The growth of King George
whiting was least in Oyster Harbour. The
differences in growth patterns may reflect
differences in food availability in the
various estuaries.
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Estuary Cobbler Cnidoglanis macrocephalus
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Species information

The Estuary Cobbler, which is only
found in southern Australia, is able to
complete its lifecycle in marine or
estuarine waters. The populations of
this species have been found to be
genetically distinct in the various
estuaries that it inhabits, which, in turn,
are distinct from those of marine
populations in south-western Australia.
This indicates that there is limited
movement between the marine and
estuarine environments and between
the different estuaries. Estuary Cobbler
spawn in early to mid summer in both
marine  and  estuarine habitats
throughout south-western Australia.
The oldest Estuary Cobbler recorded in
south-western Australia was 12 years
old and was captured in Wilson Inlet in
the late 1980s. The maximum age,
length and weight recorded for this
species during the current project was
7 years, 708 mm and 2024 g for a fish
caught in Wilson Inlet.
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Growth curves for female Estuary Cobbler in Irwin
Inlet (black), Wilson Inlet (blue) and Oyster Harbour
(green).

Growth

Estuary Cobbler displays variable patterns
of growth in the different estuaries that it
inhabits. Lengths at a particular age were
generally greatest in Irwin Inlet followed by
Wilson Inlet, and were least in Oyster
Harbour.

Length at maturity and variable recruitment
The lengths at which the females of this
species attain sexual maturity varied in the
different estuaries, reflecting differences in
growth. Sexual maturity is reached at the
end of the second year of life at
approximately 371 mm in Oyster Harbour,
417 mm in Wilson Inlet and 470 mm in
Irwin Inlet. Estuary Cobbler also displays
variable recruitment in the different
estuaries. Furthermore, even between the
Wilson and Irwin inlets, which are
geographically close, recruitment strengths
in a particular year can vary markedly.




Australian Herring Arripis georgianus
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Species information

The Australian Herring is a marine
species that spawns at sea and can
enter estuaries in large numbers.
However, unlike other marine species
that frequently enter estuaries, this
species usually enters these systems
as adults rather than juveniles. This is
due to the fact that, while spawning
predominantly occurs during the winter
months on the lower west coast of
Western Australia, larvae and small
juveniles are swept eastwards by the
Leeuwin Current to nursery areas east
of Esperance and as far as South
Australia, before migrating back along
the south coast and to the lower west
coast of Western Australia. Australian
Herring begin to reach maturity at the
end of their second year of life when
females are about 197 mm and males
approximately 179 mm in length. The
maximum age, length and weight of
Australian Herring recorded during the
present study was 11 years, 378 mm
and 724 g.
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Growth curves for female Australian Herring in
Broke Inlet (pink), Irwin Inlet (black), Wilson Inlet
(blue), Oyster Harbour (green) and Wellstead
Estuary (red)

Growth

The growth pattern and age distribution of
Australian Herring differed substantially
among the different estuaries. Maximum
lengths and ages were attained in the
Broke and Wilson inlets and minimum
lengths at age in Irwin Inlet, Oyster
Harbour and Wellstead Estuary. The
growth pattern of this species in the latter
three estuaries is similar to that observed
in the marine population. Such differences
in growth may reflect differences in food
abundances and/or quality in the various
estuaries and may also be related to the
extent to which estuaries are open to the
sea, which would influence the rates at
which smaller individuals can immigrate
into estuaries from the ocean.




Sea Mullet Mugil cephalus
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Species information

The Sea Mullet is a marine species,
which spawns at sea and can enter
estuaries in large numbers and usually
as juveniles. This species is known to
penetrate far into rivers and even into
fresh water. It is one of the few coastal
marine species to have a worldwide
distribution and inhabits waters around
the entire Australian mainland and
northern Tasmania. This species
matures at about 270 mm and spawns
predominately during the winter months
in south western Australia. The oldest
Sea Mullet yet recorded was 15 years
old. They can attain maximum lengths
of 1500 mm and weights of up to
12000 g.
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Growth curves for female Sea Mullet in Broke Inlet
(pink), Irwin Inlet (black), Wilson Inlet (blue), Oyster
Harbour (green) and Wellstead Estuary (red)

Variable abundances in estuaries

The catch rates of Sea Mullet varied
markedly among the five estuaries and
between the basin and river of each
estuary. Thus, among the estuaries,
mean catch rates were greatest in
Wellstead Estuary, followed by Irwin
Inlet, Wilson Inlet, Broke Inlet and
finally Oyster Harbour. Sea Mullet were
almost invariably more abundant in the
rivers than in the basins of these
systems.

Growth

Sea Mullet exhibit very rapid growth. For
example, in Wilson Inlet, this species
attains weights of as much as 1100 g by 4
years of age. The study showed that the
growth of Sea Mullet varied among the five
estuaries, with its length at a given age
greatest in Wellstead Estuary and least in
Irwin Inlet. The mean lengths of females at
ages 1, 2 and 3 years were 68, 59 and 60
mm longer in Wellstead Estuary than in
Irwin Inlet. The fact that growth was
greatest in the Wellstead Estuary, in which
this species was most abundant, indicates
that this estuarine habitat was particularly
productive for the individuals of Sea Mullet
that entered the estuary at the beginning of
the study when the sand bar was open.

Reproductive development

Although this species only spawns in marine waters, the gonads of individuals undergo
substantial reproductive development in estuaries. Prior to and during the spawning
period (mainly May and June) fish of mature size either emigrate from estuaries to their
marine spawning areas or, if their migration to the ocean is prevented through the closure
of the estuary mouth, remain in the estuary and the ripe eggs in their gonads become
resorbed. During the study, we were able to witness the spectacular sight of huge
schools of mullet lining up at the sand bar at Wilson Inlet just prior to the spawning period

and before the bar had opened.




Yelloweye Mullet A/drichetta forsteri

Species information

The Yelloweye Mullet is a marine
species, which spawns at sea and
whose juveniles enter estuaries in large
numbers. This species is found
throughout the south-west Pacific and,
in Australia, is restricted to the cooler
southern waters from approximately
Shark Bay in Western Australia to the
Hunter River in New South Wales,
including Tasmania. Yelloweye Mullet
attain sexual maturity at the end of their
third year of life when they are
approximately 260-275 mm in length.
The oldest Yelloweye Mullet previously
recorded was 8 years old. They can
attain maximum lengths of 500 mm and
weights of 1150 g.
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Growth curves for female Yelloweye Mullet in Broke
Inlet (pink), Irwin Inlet (black), Wilson Inlet (blue),
Oyster Harbour (green) and Wellstead Estuary (red)

Variable abundances in estuaries

The catch rates of Yelloweye Mullet
demonstrated the same trends as those
exhibited by Sea Mullet among the five
estuaries. Thus, among the estuaries,
mean catch rates were greatest in
Wellstead Estuary, followed by Irwin
Inlet, Wilson Inlet, Broke Inlet and
finally Oyster Harbour. However, in
contrast to Sea Mullet, Yelloweye
Mullet were always more abundant in
the basin than river in each estuary.

Growth

As with Sea Mullet, the growth of
Yelloweye Mullet varied among the five
estuaries. However, in contrast to Sea
Mullet, the lengths at a given age were
usually greatest in Broke Inlet and least in
Oyster Harbour. For example, the mean
lengths of females in Broke Inlet at ages 1,
2 and 3 were 105, 69 and 51 mm longer
than for females of the same age in Oyster
Harbour.
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Fish faunas of Broke Inlet

The estuary and catchment

Broke Inlet is seasonally open to the
ocean and, together with Wilson Inlet, is
the third largest estuary in Western
Australia, with a basin area of 48 km?.
Its catchment is relatively small, only
700 km?, but retains 91% of its native
vegetation. The Broke Inlet is thus
considered to be in near-pristine
condition. The catchment has a high
average annual rainfall of 1035 mm and
the estuary receives an average annual
discharge of 172 ML. The water
entering the estuary is fresh and low in
nutrients and the estuary has low
primary productivity.

Salinity in the basin
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and seasons and was related to river
flow and the breaching of the sand bar.

The fishes of the nearshore waters

The fish fauna of the nearshore,
shallow waters of the basin of Broke
Inlet contained 11 species, but was
dominated by two species of atherinid,
ie. the Elongate and Western
hardyheads, which together with the
Silverfish and the Bluespot, Southern
Longfin and Southwestern gobies,
accounted for 99.7% of all fish
observed.

The fishes of the offshore waters
Twenty nine fish species were recorded
in the offshore, deeper waters of the
basin of Broke Inlet with only a few
marine species, /e. Yelloweye Mullet,
Sea Mullet and Australian Herring,
accounting for over 70% of the fish
observed. Other recreationally and
commercially important species
included King George Whiting, Silver
Trevally and Southern Garfish. Unlike
most south-western Australian
estuaries, Black Bream is not abundant
in the Broke Inlet or its rivers, which is
presumably related to the very low
salinities that occur in winter and spring
that would not be conducive to the
successful spawning of this estuarine
species.




Fish faunas of Irwin Inlet

The estuary and catchment

Irwin Inlet is seasonally open to the
ocean and has a basin area of 10 km?.
Its 2300 km? catchment is 39% cleared
of native vegetation and is considered
to be highly modified. The catchment
has an average annual rainfall of 623
mm and the estuary receives an
average annual discharge of 163 ML.
The water entering the estuary is
relatively high in nutrients, contributing
to the estuary’s high primary
productivity.

Salinity

Salinity in the basin
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Salinity varied greatly between seasons
and was related to river flow and the
breaching of the sand bar.

The fish fauna of nearshore waters
While the fish fauna of the nearshore,
shallow waters of the basin of Irwin Inlet
contained 20 species, it was dominated
by two species of atherinid, /ie. the
Elongate and Western hardyheads,
which together with the Silverfish and
the Bluespot, Southern Longfin and
Southwestern gobies, accounted for
95.2% of all fish observed.

The fish fauna of offshore waters

Twenty seven fish species were
recorded in the offshore, deeper waters
of the basin of Irwin Inlet with the

catches dominated by Yelloweye
Mullet, Australian Herring, Estuary
Cobbler and Sea Mullet. Other
recreationally and commercially
important species included King

George Whiting, Silver Trevally and
Western Australian Salmon. The
composition of the fish fauna underwent
seasonal changes that were related to
the sand bar opening, river flow and
salinity. Of the 11 species captured in
the river, Sea Mullet contributed over
70% to the catches while Black Bream
contributed only 10%.

21



Fish faunas of Wilson Inlet

The estuary and catchment

Wilson Inlet is seasonally open to the
ocean and, together with Broke Inlet, is
the third largest estuary in Western
Australia, with a basin area of 48 km?.
Its 3400 km? catchment is 60% cleared
of native vegetation and has been
highly modified. The catchment has an
average annual rainfall of 765 mm and
the estuary receives an average annual
discharge of 161 ML. The water
entering the estuary is relatively high in
nutrients, contributing to the estuary’s
high primary productivity.

Salinity

Salinity in the basin
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Salinity remained relatively constant at
a level below that of full-strength
seawater.

The fishes of the nearshore waters

The fish fauna of the nearshore,
shallow waters of the basin of Wilson
Inlet contained 19 species, but was
dominated by two species of atherinid,
ie. the Elongate and Western
hardyheads and a goby, /ie. the
Bluespot Goby, which together with the
Silverfish and the Southern Longfin and
Southwestern gobies, accounted for
99.8% of all fish observed

The fishes of the offshore waters

Twenty seven fish species were
recorded in the offshore, deeper waters
of the basin of Wilson Inlet with the
catches dominated by Yelloweye
Mullet, Australian Anchovy, Estuary
Cobbler, Australian Herring and Sea

Mullet.  Other recreationally and
commercially important species
included King George Whiting,

Southern Bluespotted Flathead and
Southern Garfish. Although ten fish
species were recorded in the river, the
total catches in this region were
dominated by Black Bream and Sea
Mullet, which together contributed over
80% to the total catch.
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Fish faunas of Oyster Harbour

The estuary and catchment

Oyster Harbour is permanently open to
the ocean and has a basin area of 16
km?2. lts 3000 km? catchment is 72%
cleared of native vegetation and is
considered to be highly modified. The
catchment has an average annual
rainfall of 691 mm and the estuary
receives an average annual discharge
of 108 ML. The water entering the
estuary is relatively high in nutrients,
but is often flushed out of the system
over the top of the essentially marine
water of the basin.

Photo courtesy of Peter Coulson
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Salinity remained relatively constant at
a level close to that of full-strength sea
water.

The fishes of the nearshore waters
While the fish fauna of the nearshore,
shallow waters of the basin of Oyster
Harbour contained 34 species, it was
dominated by a species of goby, /.e. the
Southern Longfin Goby and two
species of atherinid, /ie. the Elongate
and Western hardyheads, which
together with the Silverfish and the
Bluespot and Southwestern gobies,
accounted for 92.9% of all fish
observed.

The fishes of the offshore waters

Forty five fish species were recorded in
the offshore, deeper waters of the basin
of Oyster Harbour and included seven
species of sharks and rays. The
catches were dominated by Six-lined
Trumpeter, Australian Herring,
Yellowtail Scad, Silver Trevally and

King George Whiting. Other
recreationally and commercially
important species included Black

Bream, Estuary Cobbler and Rock
Flathead. Sixteen species were
recorded in the river where the fish
fauna was dominated by Black Bream,
Mulloway and Sea Mullet, which
together contributed over 80% of the
total catches in this region.
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Fish faunas

of Wellstead Estuary

The estuary and catchment

Wellstead Estuary is normally closed to
the ocean and has a small basin area of
just 2.5 km?. Its 720 km? catchment is
75% cleared of native vegetation and is
considered to be highly modified. The
catchment has an average annual
rainfall of 494 mm and the estuary
receives an average annual discharge
of 14 ML which varies largely among
years. The water entering the estuary is
relatively high in nutrients and salt
content, contributing to the estuary’s
high primary productivity and
sometimes hypersaline conditions.

Salinity

Salinity in the basin
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Salinity remained close to or below that
of full-strength seawater for the first five
seasons of the study and increased in
the following two seasons.

The fishes of the nearshore waters

The fish fauna of the nearshore,
shallow waters of the basin of
Wellstead Estuary contained 17
species, but was dominated by a single
species of atherinid, the Elongate
Hardyhead. This atherinid, together
with the Bluespot Goby, Western
Hardyhead and Southern Longfin and
Southwestern gobies, accounted for
99.7% of all fish observed

The fishes of the offshore waters

Only 17 fish species were recorded in
the offshore, deeper waters of the basin
of Wellstead Estuary with the catches
dominated by Black Bream, Yelloweye
Mullet and Sea Mullet. Other
recreationally important species
included Western Australian Salmon.
The 10 species recorded in the river
were dominated by Black Bream,
Yelloweye Mullet and Sea Mullet, which
together contributed over 90% of the
total catches in this region. The species
composition changed over time from
the beginning (when the sand bar was
open) to the end of the study (when the
sand bar had remained closed for
nearly two years) and was mainly
related to the growth and increased
catchability of the two mullet species
that entered the system when the
estuary mouth was open.




Fish faunas of Stokes Inlet

The estuary

Stokes Inlet is normally closed to the
ocean and has a basin area of 14 km?.
Its large 5300 km? catchment is 60%
cleared of native vegetation and has
been highly modified. The catchment
has an average annual rainfall of 520
mm and the estuary receives an
average annual discharge of 12 ML,
which varies largely between vyears.
The water entering the estuary is
relatively high in nutrients and salt
content, contributing to the hypersaline
conditions that sometimes occur within
the estuary.

—2

The fishes of the nearshore waters

The fish fauna of the nearshore,
shallow waters of the basin of Stokes
Inlet was depauperate, containing only
6 species. The Elongate Hardyhead
dominated the fauna accounting for
97.8% of all fish observed. The
Bluespot Goby, Black Bream, Southern
Longfin  Southern  Anchovy and
Yelloweye Mullet were also recorded
but in far lower numbers. Following the
breaching of the sand bar in summer
2006/07, low numbers of Blue Sprat
were also observed.

Salinity in the basin
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Salinity was close to that of full-
strength seawater at the beginning of
the study and increased progressively
before declining in winter 2003 and
increasing again to a maximum of
nearly twice that of full-strength
seawater in autumn 2004

The fishes of the offshore waters

Only 8 fish species were recorded in
the offshore, deeper waters of the basin
of Stokes Inlet with the catches almost
completely dominated by Black Bream
(98%). Other recreationally and
commercially important species
included Estuary Cobbler. Of the 3
species recorded in the river, only Black
Bream was caught in appreciable
numbers and contributed to over 99%
of the total catches in this region.
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Main findings of the study

» The environmental characteristics of south coast estuaries differ greatly and even
conspicuously among the same estuary type, /.e. seasonally-open estuaries.

» Differences among seasonally-open estuaries reflect differences in the combined
effects of such factors as river flow relative to the size of the estuary and the duration
and size of the opening of the estuary mouth.

» Fish faunas of nearshore, shallow waters of each estuary type, /.e. permanently-open,
seasonally-open and normally-closed, were overwhelmingly dominated by small species
that complete their life cycles within these estuaries.

» The species compositions of the fish faunas in offshore, deeper waters of the basins
and rivers of each estuary were very different due mainly to far greater abundances of
Black Bream and Sea Mullet in the rivers. The overall differences between the fish
faunal compositions of the basins and rivers were greater than even those between the
different types of estuary. This strongly indicates that certain species have a strong
affinity for the types of habitat found in one or the other of the two estuarine regions.

* The differences among the species compositions of the basins of the various estuaries
were greater than those between their rivers, reflecting differences in such features as
primary productivity and the extent to which an estuary remains connected with the sea
through an open estuary mouth.

» The overall number of fish species in both nearshore, shallow and offshore, deeper
waters was greatest in Oyster Harbour, which remains permanently open to the sea,
and was least in Wellstead Estuary, which is normally closed and thus typically prevents
the entry of marine species.

* Densities of fishes in nearshore, shallow waters and catch rates in offshore deeper
waters were greatest in Wellstead Estuary, which is highly eutrophic, and least in Broke
Inlet, the most pristine of the estuaries.

» The compositions and catch rates of the fish faunas in offshore, deeper waters of the
Wellstead Estuary and Wilson Inlet have changed markedly over the last 10 and 20
years, respectively.

* The inter-period differences in species composition and catch rates of fishes in
Wellstead Estuary reflect a combination of factors, such as far lower salinities,
increased eutrophication and a longer period of mouth opening during recent years.

* The inter-period differences in the species compositions in Wilson Inlet are due, in
particular, to decreases in the relative abundance of Estuary Cobbler, Bluespotted
Flathead and King George Whiting and, to a lesser extent, increases in the relative
abundances of Six-lined Trumpeter, Australian Herring, Southern Anchovy and
Southern Garfish. The extents to which the changes in each of these species reflect the
effects of fishing pressure and/or environmental change was not clear.
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 Of the six species selected for detailed biological studies, Black Bream and Estuary
Cobbler complete their life cycles within estuaries, whereas King George Whiting,
Australian Herring, Sea Mullet and Yelloweye Mullet spawn at sea and enter estuaries in
large numbers at some stage in life.

 The iconic Black Bream was relatively abundant in all estuaries except Broke Inlet and
was relatively most abundant in Wellstead Estuary. The growth of Black Bream varies
markedly among estuaries, presumably reflecting differences in such factors as the
quality and quantity of food, density of Black Bream and/or salinity regime. The oldest
Black Bream recorded was 15 years old. This species typically reaches maturity at the
end of its second year of life in all estuaries and at lengths that are well below the
minimum legal length for retention (MLL) of 250 mm. The recruitment of this species
varies among Yyears and estuaries, apparently due to the influence of marked
interannual differences in river flows and/or salinities.

 Estuary Cobbler was relatively abundant in Irwin Inlet, Wilson Inlet and Oyster Harbour
and in low abundance in Wellstead Estuary and was not caught in Broke Inlet. As with
Black Bream, the growth of Estuary Cobbler varied among estuaries and was greatest in
Irwin Inlet. The oldest Estuary Cobbler was 6 years old and maturity is reached at the
end of their third year of life and typically at lengths below the MLL of 430 mm in Wilson
Inlet and above the MLL in Irwin Inlet

 King George Whiting and Australian Herring were most abundant in the Wilson and
Irwin inlets. While King George Whiting was recruited into estuaries early in life and only
few remained beyond the age and size at which they typically reach maturity (4 years
and 410 mm), Australian Herring was rarely found in estuaries during their first year of
life and was well represented by individuals that were older and larger than those ages
and sizes at which they become mature (2 years and 180 mm). The oldest King George
Whiting and Australian Herring were 5 and 11 years old, respectively, both of which
were caught in Wilson Inlet.

» Sea Mullet were more abundant in the rivers than the basins, whereas the reverse was
the case with Yelloweye Mullet. Both species entered estuaries early in life and were
well represented by individuals that were older and larger than those ages and sizes at
which they typically mature, e.g. 2 years and 270 mm for Yelloweye Mullet. The
maximum ages of Sea Mullet and Yelloweye Mullet were 6 and 8 years, respectively.

» As the estuary mouths of seasonally-open estuaries are often closed during the
spawning period of Australian Herring, Sea Mullet and Yelloweye Mullet, these species
are sometimes prevented from emigrating to their spawning areas in the sea when they
are becoming mature.

» The results of this study provide biological data that are crucial for the management
and thus conservation of the fish faunas and their key species.

« The strong indications that the abundances of several fish species in two of the
estuaries during the present study (2005-2007) differed markedly from those in earlier
periods indicate that environmental conditions and/or fishing pressures have changed
over time.
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Further information

Please note that this report provides a broad overview and main findings of the study of
the fish communities and six fish species in selected estuaries on the south coast of
Western Australia and that comprehensive details of the scientific analyses that
underpinned the study and a discussion of the implications of the data are contained in a
two volume scientific report. Please contact the Centre for Fish and Fisheries Research,
Murdoch University (www.cffr.edu.au) or South Coast Natural Resource Management Inc.
(www.scnrm.com.au) if you wish to obtain a PDF copy of that Scientific Final Report.

Sea Eagle Haliaeetus leucogasterwith Sea Mullet Mugil cephalus over Hay River,
Wilson Inlet.





