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• Small (12 km2), shallow, intermittently-open estuary/wetland located in
Busselton, Western Australia.
• Provides habitat for >37,000 birds from ~90 species; Ramsar listed in 1990.
• Known as the “the most grossly enriched major wetland system known in
Western Australia”.
• First built in 1908 and replaced in 1928 and 2004.
• Operate as one-way flow structures.
• Prevent saltwater intrusion into the estuaries in
summer and storm surges in winter.
• Reduce flood threat to Busselton.
• Can be used to manipulate water levels in Vasse
and Wonnerup estuaries.
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Low lying catchment.
Large areas of land cleared and fertilised for beef and dairy production.
Capel, Sabina and Vasse rivers diverted away from the Vasse-Wonnerup.
Catchment area reduced from 1,500 km2 to 400 km2.
Reduced freshwater flow into the system, exacerbated by climate change.

(a)

Wonnerup Inlet

Vasse Estuary

Water flow

Water flow

Sandbar OPEN

Floodgates OPEN

Floodgates CLOSED

Fig. 2: (a) Photograph and conceptual model of floodgate management in (b) winter/early
spring and (c) summer.
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Fig. 1: (a) Land use in the Vasse-Wonnerup catchment, (b) map showing river diversions and
(c) photograph of the Vasse diversion drain.

Fish gate
OPEN

Sandbar OPEN

Department of Water WA

(a)

Management: surge barriers

Wonnerup Inlet

2

& Lynch

2
K.

Management: catchment
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Management: sand bar
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Intermittently-open sand bar at mouth of system.
When closed, it prevents water exchange between the ocean and estuary.
Declining freshwater flow results in sand bar open naturally less frequently.
Sand bar is opened artificially if required.
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Issues: eutrophication
Nutrient levels (N, P and chlorophyll a) well above national guidelines.
Need to reduce nitrogen and phosphorus loads by 55 and 41%, respectively.
Regular blooms of macroalgae and phytoplankton.
System at tipping point towards loosing seagrass and being phytoplankton
dominated, i.e. an ecosystem state change.
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Fig. 3: Photograph of the sand bar in (a) December following an artificial opening, in (b) May
after closing and in (c) August following a natural opening after heavy winter rainfall.

Issues: salinity

Fig. 4: Macroalgal blooms in the (a) Vasse and (b) Wonnerup estuaries and a phytoplankton
bloom in the lower Vasse River.

Issues: fish kills
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Large fish kills occur regularly.
>15 major fish kills since 1905.
Usually caused by low oxygen levels.
Cause considerable community unrest.
Fish kill mitigation plan devised in 2013.
Latest large fish kill in 2014.

• Reduced freshwater input and tidal exchange
increases salinity.
• Wide and shallow basins experience high
levels of evaporation.
• System has a reverse salinity gradient in
summer (highest in the upper estuaries and
lowest near the ocean).
• Salinities in summer and autumn exceed 130
(almost 4 x seawater) in upper estuaries.
Fig. 5: Salinity in the Vasse-Wonnerup in February 2012.

Fish faunal composition

Fig. 6: Dead Mullet and Black Bream following a large fish kill in March 2013.

• Diverse and abundant fish fauna, which changes spatially and temporally.
• Waters upstream of floodgates: low diversity (11 spp.) and abundance.
• Contain species capable of breeding in freshwater, including several
introduced species (Goldfish and Gambusia).

Fish movement through the surge barriers

• Year-long acoustic tracking study undertaken in 2014/2015 to determine
the spatial and temporal movement patterns of Black Bream and Sea Mullet
throughout the system to determine key habitats and how readily fish
passaged through the fishgates during various gate operation scenarios
(such as width of fishgate opening).
• 41 Black Bream and 9 Sea Mullet were detected 3,269,053 times in an
acoustic array comprising 12 receivers.
• 4 Black Bream passaged through the fishgate during the study when the
gap (horizontal) was between 11.7-13.5 cm and the water levels below the
gate were higher than above (head losses 0.02-0.47 m).
• Importantly, 29% of Black Bream that were still being detected in the array
during the latter part of the study, when the floodgates were shut, were
above the Vasse surge barrier. Once upstream, no Black Bream returned
downstream through the fishgate and it appeared they were ‘trapped’
upstream of the gates, which has major management implications.
3/2/15
Penstock 13.5 cm
D/S = 0.12 m
U/S = -0.02 m

Fig. 7: (a) West. Hardyhead, (b) Swan River Goby, (c) Minnow,(d) Pygmy Perch & (e) Goldfish.

• Waters below floodgates: high diversity (33 spp.) and abundance.
• Provide a nursery area for juveniles of marine species.
• Provide refuge habitat for fish when upstream areas dry and become
hypersaline.
• Supports a small recreational fishery for mainly Black Bream and Whiting.

Fig. 8: (a) Spotted Hardyhead, (b) Southern Longfin Goby, (c) Black Bream, (d) Sea Mullet &
(e) Yellow-fin Whiting.

Biology of Black Bream
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Evidence of annual recruitment prior to fish kill in 2013, but limited since.
Spawning peaks in Aug/Sept rather than in Nov as in other local systems.
Slow growth and poor condition factor, linked to low calorie diet.
Bream take 6.2 years to reach 250 mm TL (as opposed to 2.7 years in the
Swan River Estuary) and are 8% lighter in weight than those Swan River
fish at the same length.
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Fig. 9: Acoustically tracked Black Bream demonstrating its passage through the fishgate
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Fig. 10: (a) Condition factor and (b) growth rates of Black Bream

