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I INTRODUCTION!

Historically, the Vasse — Wonnerup wetland system consisted of a complex of brackish seasonal
lakes, marshland, and saline lagoons, recetving freshwater from most of the rivers between
Dunsborough and Bunbury. During the past 130 years, the estuaries catchments have been lfargely
cleared for agriculture (primarily mulk and beef production) and extensive drainage networks have
been constructed to minimise flooding of the Jow-lying land. Several of the rivers that formerly
discharged into the estuaries have been either partially (the Vasse and Sabina Rivers), or wholly
(the Capel, the Carbunup and Buayanup Rivers) diverted to sea, forming short canal-like estuaries.
The estuaries now receive flow from only four rivers: the Vasse, Sabina, and Abba Rivers discharge
meo the Vasse lagoon; and the Ludlow River flows into the Wonnerup lagoon. In I908,
floodgates were installed on the estuaries” exit channels to allow outflow but preventing inflow of
seawater,

These considerable changes to the hydrology of the system have greatly alrered both the water
Jevels and quality of the estuaries. Water levels now fluctuate dramatically during winter, stabilise
during spring and declne during summer. By autumn, large expanses of both estuaries are dry.
Water is retained in the lowest reaches of the Vasse, primarily the exit channel. A very small
volume of water is retained in the Wonnerup Estuary channel. During winter, spring and early
summer, the estuaries’ waters are fresh — brackish. Since 1988, mcreasing amounts of seawater have
also been allowed back in to the estuaries during summer and autumn. As a result, remnant waters
of late summer and autumn are highly saline due to the concentrating effects of evaporation, In
1988, the old wooden floodgates were replaced with metal floodgates, which allowed a marked
increase in the amount of seawater leaking past the floodgates. Both estuaries are highly enriched
with nutrients, mainly of agricultural origin, which results in the frequent development of severe
and sometimes toxic algal blooms in the lowest reaches of the Vasse Estuary during the summer
and autwmn, Lane ef al (1997) and McAlpine er al. (1989) have reviewed these changes in detail,

The Vasse-Wonnerup wetland system 1s mternationally recognised for its waterbird habitat.
Sutveys during the 1980s revealed that more than 30,000 waterbirds of 60 species visit the
wetlands each year (ANCA, 1996). Eighty-five species have been recorded in total. Nationally,
the estuaries are an important migration stop-over point for a number of species of small waders,
and regionally it is a major breeding area of the black swan Cygnus atratus and several duck species.
The area is also a post-breeding and moulting refuge for a very high diversity of waterbirds. On
this basis the Vasse-Wonnerup Estuary System was listed in June 1990 as a Wetland of
International Importance under the Ramsar Convention. The system is also kisted on the Register
of the National Estate.

1.1  Floodgates and Their Effect on Fish Movements

The floodgate stractures installed across the exit channels of the Vasse and Wonnerup estuary
Jagoons are thought to be effective barriers to movement upstream and downstream by all except
very small (perhaps 10 cm or less) fish whenever they are closed. The movement of small fish is
possible when the gates are closed because there is considerable Jeakage past the structares, which
are in poor condition.

I Much of the unscurced information in the introduction and description of the siudy area is derived from the report
Management of the Vasse — Wonnerup Wetland System in Relation to Suddens Mass Fish Deaths {Lane ¢t al. 1997), with consent of the
p Y 8

senior author.
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The floodgates close automatically (passively) whenever the water level on the downstream side
(ie. in Wonnerup Inlet) is higher than the water fevels on the upstream sides (. in the Vasse and
Wonnerup estuaries). In most years they are therefore continuously closed from mid-summer
(when evaporation causes water levels in the estuaries 6 fall below low tide level) uneil soon after
commencement of strong river flows in early-mid wmter (when water levels in the estuaries rise
above low tide level).

In addition, the installation of “stop boards” to a height of approximately 0.4 m AHD during
spring each year (usually in September or October) largely prevents the movement upstream or
downstream of all except very small fish from the time of mstallacion until the time of removal
(usually at the commencement of the first heavy rains at the begmning of winter).

Upstream and downstream movement of fish of all sizes (up to at least 50 cm) is possible semi-
continuously from early-mid winter (when the estuaries begin to flow) until installation of the stop
boards in September-October. During this period the only tmne the floodgates close is when the
sea level (water level in Wonnerup Inler) 15 above the water levels in the estuaries. This occurs
during storm surges (when the sea level may rise to 1.2 m AHD or more) and whenever there is a
Jow river-flow period during winter and the water levels in the estuaries drop below high tide level
due to the passive operation of the gates (they are designed to achieve this result) (J. Lane, pets.
comm. ).

1.2 History of Fish Deaths in the Vasse-Wonnerup Wetland System

The Vasse-Wonnerup wetland system has a long history of sudden, mass fish deaths. In 1905,
priot to the installacion of the floodgates, many tish were reported dead near the sand bar i
Wonnerap Inler. Further fish kills occurred between then and 1960, although there are only
records concerning an incident in [933 /34. The dares or frequency of other kills during this
period is not known, however i a Fisheries Department memorandum of 1960, the department
and the local health authority expressed concern over the ‘heavy fish mortality of recent years'.
Since 1960, sudden mass fish deaths have occurred in 1966, 1984, 1988, 1989, and 1997. All
reposted kills have been in the lower reaches of the system, either in the Vasse Estuary exit channel
or in Wonnerup Inlet or, on one occasion, mw the Deadwater. Most have occurred m summer,
usually in February, and often after a spell of hot weather.

1.3 Environmental Factors Associated with Mass Fish Deaths

The primncipal cause of summer deaths is believed to be temporary declines in dissolved oxygen
concentrations to critical levels, These dechines are thoaght to be due primarily to night-time
respiration by algal blooms, algal bloom decay and high water temperatures. Toxic products of
algal blooms and decaying seaweed (Wonnerup Inlet) may also be mvolved.

Available dara shows that dissolved oxygen concentrations in the Vasse Estuary exit channel reach
very low levels at times, and on occastons may be continuously at zero for several days. On at least
some occasions, zero oxygen conditions may be localised rather than widespread, and fish may be
able to escape the lethal conditions. Dissolved oxygen concentrations fluctuate daily due to the
presence of plant life, notably phytoplankton, which produce oxygen during the day through
photosynthesis, and consume oxygen at night through respiration. On a sunny day, dissolved
oxygen concentrations are rarely below 50% saturation, and in the presence of an algal bloom may
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exceed 100% saturation (supersaturation due to photosynthesis). When the eventual death and
decay of a bloom occurs, dissolved oxygen may drop to very low or zero concentrations for several
days, as no oxygen is produced by photosynthesis and oxygen already present i the water 1s
consumed by bacteria in the decay process. At times, the oxygen requited for the breakdown of
organic matter, coupled with the consumption by fish and other biota, may exceed the oxygen
available in the water and deaths of fish and other biota may result {Meyer and Barclay, 1990).

Conditions that are known to foster the development of natural oxygen depletion include calm,
cloudy, hot weather, which is most common during the summer months. Before [ethal
deoxygenation occuss, heavy growths of aquatic vegetation, or thick blooms of micro-algae may be
present for several weeks. Dissolved oxygen may reach supersaturated concentrations between noon
and 2.00pm, and decline to levels near critical for fish survival just before daybreak. When this
fluctuation in dissolved oxygen occurs, the pH of the water correspondingly fluctuates from very
basic readings of 10.0 and greater at midday, down to 6.9 or less before daybreak. This is caused
by the large daily variation in COz concentrations in the water column. These signs are readily
apparent to a trained observer and can provide advance warning of impending potentially lethal
oxygen depletion (Meyer and Barclay, 1990).

Wind, or lack of it, may also be an important factor in summer fish deaths. Wind acting on the
surface of the water helps to oxygenate the water column, particularly when the wind is strong
enough to cause the chop to break. When winds are calm, there is a much greater potential for
oxygen depletion to occur. In Vasse — Wonnerup, light winds i late sumumer may be a
contributing factor that results i a high proportion of fish kills oceurring in February.

Alrernately, as in the case of Wonnerup Inlet, large masses of drift seagrass and macroalgae may
become trapped within the waterbody, and its subsequent decay results in the production of
hydrogen sulphide or ‘rotten egg gas’, which is highly toxic to fish. The fish kil} of February 1988,
m Wonnerup Inlet, which occurred after the bar had been dosed for two months, may have been
caused by this process. The decomposition process may also deplete dissolved oxygen. Fish chat are
roxically affected by hydrogen sulphide or deprived of oxygen usually display visibly darkened gills
{even chocolate-brown in the case of hydrogen sulphide), while hydrogen sulphide may also cause
the blood to turn brown (Hunn and Schnick, m Meyer and Barclay, 1990),

Seawater either leaking into, or allowed into, the Vasse Estuary exit channel during summer and
autumn may, at times, contain higher levels of dissolved oxygen than water on the upstream side of
the floodgates, and may therefore improve the conditions for the fish in the immediate vicinity of
the floodgates. The denser saline water may also form a separate layer beneath the less saline waters
of the estuary. When this stratification occurs, the lower layer may become deoxygenated as no gas
exchange with the atmosphere can occur, particularly when the sediments have a high demand for
oxygen, as is often the case m the Vasse Estuary exit channel. When the water overlying nutrient-
rich sediments becomes deoxygenated, the rate of phosphorous release from the sediments 1s
increased, thereby facilitating the development of algal blooms. Seven days prior to the February
1997 fish kill, the waters upstream of the Vasse floodgates were underlain by saltier, less-
oxygenated saline water (surface salinity of 16ppt, borrom salinity of 28ppt; dissolved oxygen
concentrations at 1002 hours were 11mg/1 and 6mg/1 respectively).

Algal blooms regularly occur in the Vasse Estuary exit channel during summer because of the high
light availability, warm water and high concentrations of available nutrients. In certain
circumstances, a single species of toxic algae (such as some blue-green algae and dinoflagellate
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specics that release toxins which kill other algae) may become dommant. When competition for
nutrients occurs as algal blooms intensify, the level of toxins released increases (Herman and
Meyer, m Meyer and Barclay, 1990). The roxins kill off susceptible algae umtil the single dominant
species remains. The concentration of toxins in the water continues to rise as the alga competes
with itself and eventually, the water may become toxic 6 fish and other biota.

Blooms of Nodularia, a species toxic to humans and livestock, regularly occur in the Vasse Estuary.
Hosja and Deeley (1994) suggest that fish and crabs will avoid areas affected by dense Nodularia
blooms. The Fish Health Section of Agriculture WA and the Waterways Commission undertook a
laboratory trial in which black bream were not affected by densities of Nedularia exceeding 10°
cells/ml, although the trial lasted only one week due to problems with ammonia (Hosja and
Deeley, 1994). Nodularia blooms also increase the nitrogen content of the estuary waters through its
ability to acmospherically fix nitrogen. In contaminated waters this may stimulate blooms of other
potentially toxic species {Hosja and Deeley, 1994).

The prymnesiophyte Prymnesium parvum, which is toxic to fish, has occurred in large blooms m the
Vasse — Wonnerup wetland system (Hosja and Deeley, 1994). This s the only 1solation of the

species in Australia.

There are several physical signs associated with mass fish deaths that characterise the agent of the
kill. These signs can help the trained observer to identify the cause of deaths. Table I summarises
the apparent signs that characterise fish deaths caused by deoxygenation, toxic algal blooms and
pesticide toxicity.

High water temperatures are aiso believed to be an important contributing factor to fish kills in the
Vasse Estuary channel, which currently has little shade near the floodgates (although some trees
planted along the north bank i 1998 and 1999 are healthy and continue to grow). As water
remperatures increase, the amount of dissolved oxygen decreases, and this causes fish to undergo an
mcrease M gill ventlation, oxygen consumption and respiration rate to mantam constant blood
oxygen levels (Crawshaw, 1977). Therefore, as the water warms, the amount of oxygen available
decreases, whilst the respiratory needs of the fish increases.

The water temperatures and dissolved oxygen concentrations that are lethal to fish vary berween
species. Black bream can tolerate water temperatures from 8° to 33°C. A similar fish, the pink
snapper, needs dissolved oxygen concentrations of 3.5 parts per million to grow and survive, and
can tolerate concentrations as low as 1.5ppm for short periods. Presumably, black bream would
have similar requirements.

The refationship between the Vasse Estuary’s water level and the incidence of fish deaths is
unclear. Data collected since mid-1992 do not support the theory that higher water levels
summer reduce the likelihood of fish deaths occurring. In February 1997, a fish kill occurred when
the water level was +0.12m AHD, yet no kills occurred during the summer of 1994/5 when water
levels were just ~0.f Im AHD.
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Table 1. Summary of physical signs associated with fish deaths caused by oxygen depletion, toxic
algal blooms, and pesticide toxicity.

PHYSICAL SIGINS DEQOXYGENATION TOXIC ALGAL PESTICIDE TOXICITY
ASSQCIATED WITH BLOOM
FISH DEATHS
Fish behaviour Gasping and swimming ac { Convulsive, erratie | Convulsive, erralic
the surface swimming, lethargy swimming, lethargy; if
organophosphate

pesticide, pectoral fins
are extended forwards

Specics selectivity

Species  selectiviy s
evident, species with the
highest oxXygen

YE

requirements die first

None, all species affected

Usuali}f one species killed
before others, depending
on fish sensitivity and
pesticide Jevels

Stze of fish

Large fish killed first,
evencually may kill all
sizes and species

Small fish killed first,
eventually all sizes killed

Small fish  kalled
eventually may kil all

first,

S1Ze$

Time of fish kill

Night and early hours of
the morning; if the kill
is incomplete, it usually
subsides alter
sunrise and may resume
the following night

5000

Only during hours  of
bright sunlight, around

9.00am o 5.00pm

Any hour, day or night

Plankton abundance

Algae dying, lisdde
zooplankton present, or
they are dead and dying

Dominance of one algal
species, livtle
zooplankton present

If insecticide, ne
zoolpantkon are present
but algac are normal; if
hesbicide, algae may be
absent

Dissolved oxygen

Less than Z ppm, usually
less than § ppm

Very high, often saturated
or supessatarated  near
the surface

Normal range

Water pH

6.0-75

9.5 and above

7.5 90

Water colour

black,

Brown, grey or

often very smelly

Dark  green, Dbrown  or
golden, sometimes wich a

musty odour

Normal colour and litde or
neo unasual odour

Aleal bloom

Many dead and decaying
algal cells, may  be
visibly abundant (black
and slimy) or visible
under a microscope

Abundant algae,
predominandy  of one
species

Normal bloom of mixed
species unless herbicide
used; then aigae absent or
reduced

(Source: Meyer and Barclay, 1990)

Although nararal phenomena may fead to mass fish deaths, the most common effect of
environmental changes m waters is to (mpose stress on the fish present. If the environmental
change results in a high enough stress level, the fish’s mimune response may weaken, predisposing
the affected fish to infectious diseases and parasites. If fish are already carrying a significant foad of
parasites, or harbouring a bacterial infection, or are weakened by malnutrition, the result of the
additional effects of an environmental stress may be a fish kill If the magnitude of the fish kill
exceeds the loss that might be expected from the apparent pathogen or parasite, the environmental
stress can then be considered the primary cause of death (Meyer and Barclay, 1990).
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1.4 Historical and Current Management of the Fish Death Phenomenon

Following major fish deaths in the Vasse Estuary channel in 19838, a study to understand the
causes of the problem was undertaken by the Environmental Protection Authority. The Estuarine
Impacts Branch of the DEP monitored river flows and nutrient loads to the Vasse-Wonnerap
lagoons during 1987-1988. An assessment of the environmental condition of the estuaries and a
discussion of management issues and options was published (McAlpine ¢ al, 1989). It was
concluded that the Vasse - Wonnerup system was “the most grossly enriched major wetland
system known m Western Australia.”

In March 1997, community concern over contimted sudden, mass fish deaths in the Vasse Estuary
exit channel, and the death of the fringing vegetation and adjacent pastures, led to the formation of
the Vasse Estuary Technical Working Group (VETWG). The VETWG has reviewed the history
of the management of the Wonnerup Inlet sand bar and the Vasse and Wonnerup estuary
floodgates, the historical changes to water levels and quality, and the history of fish deaths and
methods previously used to prevent them (Lane et al, [997). The report also discussed
management options for the estuaries and made a number of recommendations ro reduce the
meidence of sudden, mass fish deaths.

In the past, three measures have been used in efforts to reduce the incidence and severity of fish
kills: artificial opening of the sandbar at the mouth of Wonnerup Inlet; increased harvesting of fish
by netting; and partial openings of Vasse and Wonnerap floodgates to allow fish to escape and to
increase water Jevels,

During the early T900’s, it was apparently normal practice to keep the sand bar open during
summer, When this work ceased temporarily during the summer of 1904-05, thousands of fish
died near the mouth of the inlet. Regular digging of the bar resumed soon afterwards. At times 1t
has been difficult to keep the bar open. In February 1988, several attempts were made to open the
bar and on each occasion it closed within a few hours. Experience has shown that summer
openings of the sand bar are effective m preventmng fish kills in Wonnerup Inlet and can also assist
in preventing deaths in the estuary channels.

In 1960, the entire Vasse - Wonnerup Estuary was opened to net fishing in order to reduce the
number of fish that might otherwise die in summer. A ban on the use of nets in Wonnerup Inlet
and the Deadwater was reinstared shortly after, however the Vasse and Wonnerup estuaries remain
open to the use of nets by licensed commercial fishermen. Whilst netting daes not prevent fish
kills from occurring, it has certainly reduced the number of fish that have died during mass death

incidents.

When thousands of fish died in February 1988, the WA Warer Authority opened the Vasse
Estuary floodgates m an attempt to unprove water quality in the lowest reaches of the system, and
to allow the free movement of fish. Apparently, this was the first time that openings of the
floodgates had been agreed to since their installation. In March 1988, the Water Authority sought
landholder, government and community views on an appropriate water level to be retamed m the
Vasse Estuary during summer/autumn,  After consideration of responses, the possible damagmg
effect of excessive levels of salt water on native vegetation and pastures surrounding the estuary,
and the potential adverse impact on waterbird populations, it was agreed that salt water should not
be allowed to raise the estuary water levels above ~0.1m AHD. Prior to 1988, the water level
declined to around —0.4m AHD by autumn of most years. In 1990 a revised set of guidelines for
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operation of the floodgates was prepared. This formalised -0.Im AHD as the water level to be
retained in the Vasse Estuary during late summer/ autumn each year.

Suminer/autumn openings of the floodgates have produced mixed results m the past. On several
occasions, when the floodgates were opened for up to 8 hours, fish deaths have been prevented. On
other occasions the floodgates have been open for longer periods and deaths have occurred. Fish
kills are not a frequent occurrence in the Vasse - Wonnerup, however they attract considerable
community and media interest when they do occur.

Many measures to reduce the incidence and severity of fish kills have been proposed in the past.
Other than openings of the sand bar, netting of fish, and partial openings of the tloodgates to
release fish, none have been pursued. Some ideas have been too costly, while others may potentially
cause greater problems, or need expensive investigations before their benefits could be determined.

I.5 Scope of this Report

Depletion of dissolved oxygen, excessive water temperature, toxic algal blooms, toxic substances,
bactetial and viral infections, and parasitic infestations all have the potential for inducmng
widespread deaths of fish within a system (Meyer and Barclay, 1990). While the prmc1pa1 factors
associated with most fish kills in the Vasse — Wonnerup system are known, the precise conditions
leading up to or causing the kills are not well understood. The VETWG concluded that
information on these conditions is necessary to guide successtul efforts to minimse the occurrence
of fish deaths (Lane et al, 1997). They suggested that this information could be gained from
intensive monitoring of key parameters such as dissolved oxygen, remperature, micro-algal
abundance, depth and salinity, and by monitoring the fish themselves.

The VETWG recommended that daily monitoring of fish behaviour in the lower reaches of both
estuaries, together with measurements of water levels and visual assessments of water quality be
undertaken, as this would enable conditions resulting in fish deaths to be more precisely defined.
The specitic aim of the monitoring program was to assist the VETWG with its efforts to reduce
the incidence and severity of sudden, mass fish deaths in the lower reaches of the wetland system,
and to develop an improved understanding of the conditions responsible for these deaths.

Monitoring of fish behaviour was undertaken during the 1997/98 summer period, and again
during the [998/99 summer period (White, 1999). The Bunbury Water and Rivers Commission
has undertaken weekly sampling of all the key physical water parameters for the duration of the
sumuner/autumn period each year since 1997.

In 1999/2000, the monitoring observations were reported immediately each day to the VETWG
member and project manager, Mr Jim Lane. The information was used to assist the VETWG
make decisions regarding openings of the Wonnerup Inlet sandbar and the Vasse and Wonnenup
floodgates to allow the release of fish. The VETWG recommended that the results of the
monitoring program should be used to refine the timings of the openings and closures of the
floodgates to minimise the input of scawater mto the estuary, and to maintain warter levels at the
agreed ~0.Im AHD,

This report presents the results of monitoring the fish behaviour in the lower reaches of the Vasse
— Wonnerup Wetland System, from December 16%, 1999 to April 154, 2000. The report collates
observations collected on water levels, visual water quality, waterbirds, and the behaviour of fish
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both upstream and downstream of both sets of estuary floodgates. Additionally, data on weather
conditions {rainfall, temperature), together with the results of the Water and Rivers Commission’s
weekly sampling of key physical parameters (temperature, salinity, DO, pH and turbidity)
upstream of both sets of floodgates, are presented.

Unfortunarely, a sudden, mass fish death incident occurred on the moming of February 15%,
2000. Due to the monitoring program, the event was witnessed, and many observations were
recorded and fish and water samples were promptly taken. Although the monitoring program did
not enable the fish kill to be avoided, the incident was very well documented. This report presents
all of the available information regarding conditions leading up to the fish kil together with
observations of the kill. As this represents the most documented fish kdl within the system, this
mnformation may assist the VETWG to better understand the fish death phenomenon in the

wetland system,

Currently, there is little known about the wider use of the wetland system by fish. In a preliminary
atterpt to identify new mformation about the ecology of fish within the estuary, five local people
(recreational fishermen, commercial fishermen and elders of the local Aboriginal community) who
possess considerable historical knowledge of the movement of fish within the estuary were
mterviewed. Their responses were summarised to provide an insight into the wider use of the
estuary by the major fish species (yellow-eye mullet, sea mullet and black bream).

12
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2 THESTUDY AREA

The Vasse-Wonnerup Wetland Svstem extends in a northeasterly direction from the centre of
Busselton to Forrest Beach over a distance of I4km. Its principal components are the Vasse and
Wonnerup Estuaries (which are 9km and Skm long, up to 0.6km wide and generally less than Im
deep, even i winter), their floodplains, the Deadwater, “Swan Lake”, and the fowest reaches of the
Vasse, Sabma, Abba and Ludlow Rivers. The entire system discharges to the ocean via the
Wonnerup Inler. When the estuaries are in full flood during winter, they are narrowly connecred
by Malbup Creek. The mouth of the inlet is shallow and often closed by the formation of a sand
bar, particularly during summer and avtumn (Lane ef al, 1997). The Vasse-Wonnerup lagoons
and their associated wetlands occupy an area of approximately 1500ha and have formed in the
depressions berween the Spearwood and more recently formed Quindalup dune systems
(McAlpme e of, 1989). The fish behaviour monitoring program was limited to the Vasse and
Wonnerap Estuary channels, and Wonnerup Inlet, covering an area of around 250 — 300 metres
immediately upstreamn and downstream of the Vasse and Wonnerup floodgates (figure ). Weekly
mspections of the sand bar at the mourh of Wonnerup Inlet were also undertaken.
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Figure 1. Map of study area.
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3  THE MONITORING PROGRAM

The Vasse Estuary, the Wonnerup Estuary and Wonnerup Inlet were inspected in the immediate
vicinity of Vasse and Wonnerup floodgates on the” following days during the 1999 /2000
summer/autumn period:

December 16t — 30t 1999 Every second day
January 1% - February 29 2000 Every day
Muarch 2% — April ¥4 2000 Every second day

This encompasses the time period that has historically presented the greatest risk of a sudden mass
fish death occurrence (Lane er al, 1997). The mspections were made at 2.00pm, or thereabouts,
until January 5%, to maimtain continuity of data wich the 1998/ 1999 monitoring program {White,
1999). After January S, mnspections were made at either sunrise, to about half an hour after
sunrise as it 1s the time of day when fish are most likely to experience oxygen stress, which may
lead to death. Dawn is the time when dissolved oxygen levels are generally lowest, due primarily to
nighttime respiration of phyroplankron, although benthic decomposition may also exert a large
oxygen demand at any time during the day (Meyer and Barclay, 1990).

At cach set of floodgates (Vasse floodgates always first, followed by the Wonnerup floodgates),
both upstream and downstream, the following information was recorded:

3.1  Weather Conditions

A visual assessment of wind direction and speed (calm, ligh, moderate, fresh or strong), and cloud
cover, together with any extra observations (such as rain}, was made.

3.2 Water Levels
Readings of time and water depth at cach gauge board, to the nearest cm, above or below the

Australian Height Datum (AHD) were taken.

3.3 Flow Direction and Rate

A subjective, visual assessment of water leakage through the floodgates, including the direction and
rate of leakage was made. The observed rate of leakage was described as either nil, very gentle,

gentle, moderate or fast,

3.4  Water Quality

3.41 WATER COLOUR
A subjective, visual assessment of the colour of the water column and the presence or absence of

surface scumn was made.
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342 WATER CLARITY

A subjective, visual estimate of water clarity was made according to the following rating scale {(note
that depths of visibility are visual estimates only, judged by apparent visibility of submerged pylons
and other features):

CLARITY OBSERVATION CLARITY RATING
Scum on surface — visibility into water <10cm Very Poor
Visibility mto water appears to be ~10 —30cm Poor
Visibility invo water appears o be ~30cm — 60cm Moderate
Visibility into appears to be >60cm Good

Clear water colwmnn Very Good

3.5 Fish Behaviour Monitoring
At each mspection, the numbers and behaviour of fish at or near the surface within 250m of the
floodgates was observed for around fifteen mimutes at each side of the floodgates.

3.51 SPECIESIDENTIFICATION

Where possible, fish were identifted to species level, using the key of Hutchins and Swainston
{1986). Only positive identifications were recorded, and any doubtful identification was not listed.
Where the species could not be readily identified, only the size and shape of the fish were noted.

3.5.2  FISH BEHAVIOUR

The distance of each school of fish from the floodgates was recorded and their specific behaviour,
such as regular surfacing, splashing or swirking in schools, was also described. Wherever possible,
the abundance of each species or school of fish observed was recorded using a log abundance scale
(i.e tens, hundreds, thousands etc.). For each day’s observation, the total fish activity observed m
the fifteen-minute period was allocated a subjective activity rating according to the following scale:

OBSERVED FISH BEHAVIOURS ACTIVITY
RATING

High fish activity (1000’ of active fish visible) 4
Moderare fish activity {100’s of active fish visible) 3
Some fish activity (schools of 10s of active fish visible) 2
Limited fish activity (occasional surlace rings or splashes)) 1

No visible fish activiry 0]
Limited numbers of fish (<10) exhibiting stressed behaviour or slow -1
movernent in the vicinity of floodgaes

Moderate numbers of fish (schools of 10's of fish} exhibiting stressed -2
behaviour

Large numbers of fish (>> 100} exhibitng stressed behaviour -3
Fish dearhs observed -4

When applying the activity rating, only adult fish activity was used, and the abundance and
behaviour of juvenile fish (young of the year) was disregarded.

Active fish behaviour includes fast swimming, feeding, quickly rising to the surface or swirling just
under the surface (causing visible surface rings), and splashing or jumping out of the water.

In contrast, stressed fish behaviour includes very little or slow movement, resting m scactered
schools at or near the surface, and gasping at the surface. Other indications that fish are stressed
and need to be released include continuouns swinnmning alongside the floodgate boards, or schooling
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close behind floodgate boards and jumping out of the water, sometimes hitting the floodgate
boards, in apparent attempts to move downstream. Stressed fish are also identified by poor
physical condition and frequently have scales missing.

Meyer and Barclay (1990) describe several fish behaviours associated with mortality caused by
oxygen depletion, toxic algal blooms, and pesticide toxicity (see section 1.2).  When fish are
affected by oxygen depletion, they gasp and swim at the surface. Toxic algal blooms cause affected
fish to exhibit convulsive and erratic swimming behaviour together with lethargy. When fish are
affected by pesticide toxicity they exhibit simifar erratic and convulsive swinuming behaviour as
caused by roxic algae, but if organophosphate pesticides are involved, their pectoral fins are
extended forward.

3.5.3 ANGLING TRIALS

On occasions, fishing lines equipped with 4 — 6lb Ime, and size I4 to 6 hooks (small erout hooks)
were set with either small bread or peeled river prawn baits floated just under the surface, or river
prawn baits fished on the bottom with a running sinker. Alternatively, a variety of lures were used.
Any fish captured was positively identified and 1ts condition was visually assessed. All caprured fish
were rerurned to the water alive. The results were used to generate a species list for the various
components of the system.

3.6  Waterbird Observations

The numbers and types of waterbirds (excluding small waders) visible within 250m upstream of
cach set of floodgates were recorded and their distance upstream was estimated. Their activity
(roosting or feeding) was also recorded. Birds were identified using the key of Simpson and Day
(1996). “Bushnell” 7 x 35 binoculars were used from early February onwards.

3.7  Other Observations

Other general observations, such as a distinctive odour or visible bubbles in the water, were also
recorded. Changes to the status of the floodgates (open to inflow/outflow, number of stopboards
in place) were also recorded.

3.8 Status Of The Sandbar At Wonnerup Inlet

The sandbar at the mouth of Wonnerup Inlet was inspected as follows:

December 16% — 30% 1999 Two day intervals
Jaunary 1% — April I4% 2000 Weekly intervals

At each mspection, the status of the sandbar (open all tides, open high tides, closed), and the width
and depth of opening were recorded.

3.9 Ramfall And Temperature

Daily recosds of ramnfall, temperagure and wind for the duration of the monitoring program were
obtained from the Bureau of Meteorology’s Busselton Jetty, Busselton Airport and Busselton

Hospital weather stations.
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3.10 Phytoplankton and Physical Parameters

The Water and Rivers Commission Southwest Region undertook weekly samplmg of water
quality and phytoplankton at 10 sites in the wetland system, including a site upstream of each set
of floodgates, for the duration of the monitoring program. They have kindly provided dara on the
change m phytoplankron species present and ther dénsity (number of cells/mL), and weekly
measurements of water temperature, salinity, DO, and turbidity upstream of each set of floodgates
to assist interpretation of the fish behaviour and water quality observations.

3.11 Management Actions

Immediately following each day’s mspection, the observarions were telephoned directly to the
project manager and VETWG member, Mr Jim Lane, who used the information to assist the
VETWG make decisions regarding openings of the floodgates and the sandbar at the mouth of
Wonnerup Inlet.

4  WONNERUP SANDBAR STATUS

The mouth of Wonnerup Inlet was artificially barred by the Water Corporation on Ocrober 2274
1999, to prevent water levels declining too rapidly n Wonnerup Estuary as the Wonnerup
floodgate stopboards had “blown out” and the floodgate structure required repair, Water
Corporation undertook the repairs between the 20% and the 220 of December, and the Inet
mouth was artificially reopened on December 24t, 1999, The mouth remained open, and the exit
channel remained deep, except for shaliow shoals at both ends, for the remainder of the monitoring

program.

5 RAINFALL AND TEMPERATURE

The Busselton Shire experienced falls of rain on 19 days during the summer monitoring period
(figure 2). Five millimetres or more of rainfall was received on six days during the monitoring
program (15/01, 23 /01, 10/03, 17/03, 22/03 and 15/04). The most substantial fails occurred
between January 15% and 18" (18mm on the first day, followed by 3mm each day for the next
two days), January 22" to 234 (8mm on the first day followed by 4mm the next day), and March
IOt (22mm).

During the period of monitoring, maximum daily temperatures ranged from 19° ro 36°C whilst
minimum daily temperatures ranged from 6° to 23°C (figure 3). Late December and the first week
of January were considerably hotter than the remainder of the monitoring period, with daily
maximum temperatures consistently in excess of 30°C and nightly minunum temperatures in
excess of 15°C. Hot spells (periods of three days or more where temperatures exceeded 30°C)
also occurred between January 274 - February I%, February Sth - 7% February 2% — 17,
February 26 — 29, and March 3+ — &h, Daily maximum temperatures did not exceed 30°C
again after March 8, and remained considerably cooler for the rest of the monitoring period. It is
interesting to note that, for almost the entire duration of the monitoring period, when the

maximum daily temperarure did exceed 30°C, it remained above 30° for at least three consecutive

days.
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6 WATER LEVELS

Changes in the level of water i the Vasse and Wonnerup estuaries, as measured from the gauge
boards upstream of the Vasse and Wonnerup floodgates, are presented in figure 4. The figure also
briefly identifies management actions taken during the fnonitoring program {see section 12). The
presented water fevels have been calibrated and adjusted to true AHD to correct for inaccuracies in
the height of the gauge boards (J. Lane, CALM, pers. comm.).

Generally, the water levels in both estuaries exhibit a declining trend over the course of the sununer
and early autumn due to evaporation of the upstream water body. On a day-to-day basis, water
levels in the estuaries may fluctuate slightly for several reasons. Strong winds may cause water levels
to rise or fall, because water is ‘pushed’ by the prevailing wind, cither towards or away from the
floodgate gauge boards. This phenomenon, known as seiching, may account for up to 10cm
variation at times. Occasionally, water levels may rise due to runoft from rainfall, or may increase
as a result of water leakage through the floodgates during periods of very high tides.

6.1  Vasse Estuary

At the commencement of the monitoring program, the warer level in the Vasse Estuary {upstream
of the floodgates) was +0.3[m AHD, which is higher than i previous years due ro the artificial
closing of Wonnerup Inlet mouth during October {see section 4.0). The water level steadily
decreased, with some minor fluctwations, to slightly above the target minimum fevel of ~0.Im
AHD on March 27 (day 62), where it stabilised for the remainder of the monitoring period. The
minimum level reached was —0.11m AHD on March 26% (day 806). The reduction m the apparent
rate of evaporation after early March comcides with the period where daily maximum temperatores

were cooler than the remainder of the monitoring period by around 4 - 8°C (see figure 3).

Four of the substantial rainfall events during the summer appear to have caused water levels to rise
slightly in the estuary. On Jarmary 15t (day 15) a rise of 0.03m was recorded following 18mm of
rainfall in the previous 24 hours. On January 23+ (day 23) the water level rose 0.015m following
I2mm of rainfall over the previous two days. March 10 (day 70) the water level rose 0.035m
after 22mm of rain in the previous 24 hours. March 2204 (day 82) the water level rose 0.02m after
9mm of rain fell during the previous two days. Rainfall within the catchment appears to cause
estuary water levels to rise within 24 hours. Wonnerup Estuary water levels rose by slightly less
than the Vasse water levels on the same dates (see section 6.2). Wonnerup Estuary receives flow
from the Ludlow River only whereas the Vasse Estuary receives flow from three rivers (two of
which have been partially diverted to direct agricultusal runoff away from the estuary) and
stormwater from urban arcas of Busselcon.

The Vasse floodgates were opened to allow the release of fish on only two occasions during the
moniroring program. On February 3+ the floodgates were opened for approximately three hours,
and on February 5% they were opened for exactly eight hours. Neither of these openngs caused
any measurable mcrease in water level.

At the commencement of monitoring, the lower portion of the upstream gauge plates were heavily
fouled by a microalgal scum that dissolved and peeled the paine (along with che markings) when
attempts were made to remove it. As a result, water levels upstream {and occasionally downseream)
of the floodgates were measured from a calibrated point using a tape measure. Several anomalous
rises in the water level during the end of December and first week of January are probably errors
that occurred during the initial measurements using the tape measure.
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A complete tabulation of weather conditions at the time of cach inspection are tabulated in

Appendix 2.

6.2  Wonnerup Estuary

Ar the commencement of the MONILOring programt, the water level in Wonnerup Estuary was
+0.32m AHD. Water levels in the Wonnerup Estuary closely paralleled those in the Vasse
Estuary. Wonnerup Estuary water levels were 0.10 - 0.30m lower than the Vasse Estuary during
the summer of 1998/1999 (White, 1999). Womnerup Estuary’s water level declined steadily as
occurred i the Vasse, but slightly faster during February to be around 0.03m lower than the Vasse
from the middle of February onwards.

The minimum water level reached was -0.09m AHD on April IT% (day 102), although the level
had declined to —0.085m by March 8% (day 68) already. The normal minimum water level
attained in Wonnerup Estuary is —0.40m AHD, and was ~0.5Im AHD m carly March 1999
(White, 1999). Consequently, the water level in Wonnerup Estuary during this summer was
considerably higher than normal, primarily due to the artificial closing of Wonnerup Inlet mouth
in Qctober.

The rainfall event of January 5% (18mm to 9am) saw the Wonnerup water level rise 0.03m that
day, exactly as occurred in the Vasse. The water level in Wonnerup also rose on January 23+
{(0.0Im compared to 0.015 in the Vasse) following 12mm of rain over the previous two days, and
on March 10% (0.02m compared to 0.035m in the Vasse) after 22mm of ram in the previous 24
hours. The rainfall event of March 227 and 23 (9mm over two days) did not cause any rise
the Wonnerup Estuary water level.

The Wonnerup floodgates were opened for between 1-2.5 hours on three occasions (3/02,
21/02,25/02) to allow the release of fish. The openings did not result in any measurable increase

i water levels,

A complete tabulation of weather conditions at the time of cach inspection 15 tabulated in

Appendix 9.

7 RATE OF LEAKAGE AND DIRECTION OF FLOW

Neither set of floodgates form a complete barrier to water flow and, when Wonnerap Inlet mouth
is open, seawater is able to leak into, and estuary water out of, the main estuary bodies. The
direction of the leakage flow is dependent upon the head of water at the floodgates, which varies
daily with the tidal height in Wonnerup Inlet. When the tidal height in Wonnerup Inlet exceeds
the water level in the estuaries, water will Ieak in to the estuaries (upstream) through the
floodgates, and leak out of the estuaries (downstream) when the tidal height 1s lower n the inlet.
The rate of leakage is determined by the size of the head of water at the floodgates: when the head
of water is small, the leakage 15 gentle, and as the head of water increases, the rate of leakage
ncreases. As the water levels in both estuaries are not always the same, the rate of leakage and
direction of flow is not always the same at each set of floodgates at the same time.

From a management perspective, knowlcdge of the direction and rate of flow is necessary to
derermine when a fish release can be physically accomplished. To easily open the floodgates, the
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head of water on the upstream side must be sufficiently small. For this purpose, a subjective
assessment of leakage rate was adequate.

At times, it appeared that leakage of seawater upstream through the floodgates may have been a cue
chat caused large numbers of mullet to school above (upstream of) the floodgates (see section 9.2).
This may be due to a number of factors. Seawater leaking in through the floodgates may be either
cooler or warmer than the estuary water, although 1t 1s likely to be cooled on 1ts passage through
the floodgates on hot days, when the rate of leakage is moderate to fast, due to the effects of
aeration and evaporation. The aeration caused by the leakage also serves to oxygenate the seawater.
At times, the seawater leaking in may be more oxygenated than water the estuary channel,
particalarly on calm momings when algal blooms reduce dissolved oxygen to low concentrations
through night-time respiration.

To more precisely describe the rate of feakage through the floodgates to examine its effect on fish
behaviour, the head of water at the time of each day’s mspection was calculated from the calibrated
water levels. Generally, the subjectively judged direction of flow agrees well with the calculated
head of water, given that accuracy of the meastured warer levels could not exceed Tem at best. All of
the discrepancies between the theoretical and actual direction of flow concern very small heads of
water, or gentle leakage conditions. At tumes of very gentle leakage, the chop of a gentle breeze was
enongh to make it dithicult to judge the direction of flow.

The subjectively allocated rates of flow do not clearly reflect the calculated warter heads, and chis is
probably due to several factors. Firstly, during the first few wecks of monitoring, the actual head of
water ac the floodgates was very small, so little variations were probably judged to be relatively
greater than they actually were, as the author had no previous experience of how great the leakage
rate could be. Despite this, the observed rates of leakage were assessed on a three option scale
{gentle — moderate — fast), which s possibly too simplistic to reflect the range of variation m the
head of water over the season. The subjectively allocated flow rates more likely reflect the relative
changes in flow rate on a day to day basis.

7.1  Vasse Floodgates

The calculated head of water at each day’s mspection at the Vasse floodgates is shown in figure 5.
Figure 6 displays the subjectively assessed rate of flow at each day’s mspection. A complete
tabulation of the observed flow directions and rates is included in Appendix 3.

At the commencement of the monitoring program, when the water level in the Vasse Estuary was
arotnd +0.30m AHD, the head of water and rate of leakage was low. The direction of the leakage
flow reversed irregularly, every few days or each week, although the mumber of days where the
leakage was downstream were more numerous during the fist two months. As the monitorig
program progressed, water levels in the estuary dropped, the head of water at the floodgates (at the
time of mspections) increased, causing both the frequency and rate of leakage upstream to increase.
Prior to February 201, the head of water on the downstream side {causing leakage upstream) only
exceeded 10cm (ar the time of inspections) on three occasions. After February 20%, the head of
water was regularly greater than 10cm, resulting in a moderate to high rate of leakage for two
thirds (16 out of 24) of the remaining inspections. Inn addition, the direction of flow was upstream
on all but eight of the remaining inspections (during four of which there was no flow at all).
During the highest tides in April, when the estuaries’ water levels were fowest, the head of water at
both floodgates reached 0.5-0.6m for several days. This resulted in a very fast leakage of water
upstream, such cthat the upstream side of the floodgates appeared to be a very fast waterfall.
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7.2 Wonnerup Floodgates

The calculated head of water at each day’s inspection at the Wonnerup floodgates 1s shown m
figure 7. Figure 8 displays the subjectively assessed rate of flow at each day’s inspection. A
complete tabulation of the observed flow directions and rates is included m Appendix 10.

In contrast to the Vasse floodgates, the calcafared head of water was on the downstream side of the
Wonnerup floodgates (resulting in upstream leakage) for most of the inspections during the first
three weeks of monitoring. As occurred in the Vasse, the water levels in the estuary steadily
dropped, the head of water at the floodgates (at the time of mspections) increased, resulting m an
increased rate of leakage upstream as the monitoring program progressed. After February 26%, the
direction of leakage was upstream at every inspection. For the last three weeks of the monitoring
program (March 21 to April 15%), the head of water on the downstream side was greater than
0.3m at every inspection, reaching 0.6m for 2 days, resulting in a gushing waterfall of seawater
leaking mro the estuary.

8 PHYTOPLANKTON AND PHYSICAL PARAMETERS

The Water and Rivers Conunission Southwest Region (WRC Southwest) kindly provided the
following data for the two floodgate sites from their routme sampling program. Sampling of
physical parameters is undertaken directly from the floodgate access way, immediately in front of
the floodgate bays where seawater leaks in from Wonnerup Inlet (sec section 7). Due to the
leakage of seawater through the floodgates at times, data collected in this dynamic position may
possibly not always reflect the actual conditions that the fish are subject to along the length of the
exit ¢channel. To clearly understand the conditions that the fish are subject to upstream of the
floodgates, a comparison of conditions at several sites along the exit channel is required. This
would allow the effects of seawater leakage in the immediate vicinity of the floodgates to be
estimated. The WRC Southwest have undertaken sampling at one further site in the Vasse Estuary
exit channel, around 500m upstream, adjacent to Ballarar Road, and one site m the main estuary
lagoon (Webster Road). In Wonnerap Estuary, the Water and Rivers Comimussion undertake
sampling at the floodgates, and at two sites upstream in the main lagoon bodies. It is important to
note that data from only one site in each estuary channel (immediately upstream of each set of
floodgates) 1s included here.

8.1 Phytoplankton

At the time of writing this report, only preliminary results of the cyanobacteria monitoring of the
estuarics were available, covering the period of December 31 to January 274, Due to the severe
Swan River Microcystis bloom during February, results of the remaining Vasse — Wonnerup samples
by the Water and Rivers Commission’s Phyroplankton Ecology Unit were temporarily delayed.
The WRC Southwest will be reporting on the seasonal patterns m phytoplankron activity later
this year. Relationships between seasonal patterns, water quality and floodgate openmgs will be
considered. Tn light of this, only a very brief overview of the cyanobacterial status of the estuary
channels upstream of both sets of floodgates during January is given,

8.1.1 VASSEESTUARY

Between December 304 1999, and January 215 2000, the cyanobacteria in the Vasse Estuary {and
the Vasse River also) underwent species changes, from Microeystis aeruginosa to Nodularia spumigena €0
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Anabaena circinalis. All of these species are gazetted as roxic to hamans, and densities above 20,000
cells/ml. exceed the Agriculture Resource Management Council of Australia and New Zealand's
Recreational Guideline limit for cyanobacteria. Warning signs should be erected in areas where the
density of cells is greater than this limit, as were at both sets of floodgates for most of the
IONILOTINg period. :

The cyanobacterial cefl density (does not include chlorophytes, diatoms and other phytoplankton)
at the Vasse floodgates rose from around 22,000 cells/mL on December 30 1999, to peak at
over 140,000 cells/mL on January 12% 2000. The density of cyanobacterta then declined to
40,000 cells/mL by January 21+ 2000, and further declined to a recreationally ‘safe’ 10,000
cells/mL on Jamuary 27%. At Ballarat Road, the density of cyanobacteria steadily increased from a
comparable density to the floodgates on December 30% of 22,000 cells/mL, to just over 50,000
cells/mL on January 12%, On January 21%, the density of cyanobacteria at Baltarat Road peaked at
in excess of 160,000 cells/mL. By January 27%, the cyanobacteria had declined to ‘safe’ levels of
around 12,000 cells/mL., with Nodularia spumigena the dominant cyanobacternim at both che Vasse
floodgates and Ballarat Road.

Integrated phytoplankton cell densities (including all species present) are only available for January
27th, when it appears that the algal bloom had fmally declined. At the Vasse floodgates, the rotal
phytoplankton densicy was just ander 20,000 celis/mL, of which around two-thirds were
cyanobacteria, with the remainder composed of diatom species. At Ballarat Road, the density of
cyanobacteria was only margmally higher than at the floodgates, but the total phytoplankton
density was greater (around 30,000 cells/mL) due to the presence of a greater number of diatoms.

8.1.2 WONNERUP ESTUARY

No cyanobacteria was recorded at the Wonnerup floodgates on December 30% or January 12,
however, by January 21st, Wonnerup Estuary was expeniencing a Nodularia spumigena bloom of
around 80-100,000 cells/ml., which is four to five times higher than safe recreational guidetmes.
One week later (January 27%), cyanobacterial cell densities had declined to 50,000 cells/mL at the
Wonnerup floodgates.

An integrated phytoplankton sample from January 27 indicated that Wonnerup Estuary was still
experiencing a bloom of Nodularia spumigena at densities of 35-70,000 cells/mL, with diatoms and

chlorophytes contributing only a minor fraction.

8.1.3 WONNERUP INLET

No bloom of cyanobacteria was recorded in Wonnerup Inlet on the December 30% or January
sampling occasions, although small numbers (well within “safe guidelines) of cyanobacteria were
present. Integrated phytoplankton samples indicated that the phytoplankton community of
Wonnerup Inlet was composed predominantly of diatoms (Tess than 20,000 cells/ml.), although
small numbers of dinoflagellates were recorded near Layman Road Bridge.

8.2  Salinity

821  WVASSE FLOODGATES
A salinity profile of the Vasse Estuary exit channel immediately upstream of the Vasse floodgates
is presented n figure 9. During the course of the monitoring program, the salinity ranged from
fresh (2.7 parts per thousand) to highly saline (42.7ppt).
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Prior to the opening of Wonnerup Inler mouth (December 24%, 1999), the salinity at the Vasse
floodgates was brackish, at around 3.0ppt. Six days after the opening of the inlet mouth, the water
upstream of the floodgates was highly saline, with a gradual increase m salinity from the surface of
the water to the bottom (16.4-24.3ppt respectively). Salinity gradually increased, with some mmor
fluctuations, to equal the salinity of seawater {35ppt) on February 9%, 2000, the first sampling
occasion following the initial floodgate opening on February 3+, 2000. Salinity ranged from 22.5-
24.8ppt (from the surface to the bottom) on February 3+, smmediately prior to the opening of the
floodgates, A further 3ppt increase in salinity followed the floodgate opening of February 15%,
2000. Salinity continued to rise for the course of monitoring program, with the maximum salinity
of just under 43ppt recorded on April 6%, 2000. From week to week, salmity varied by up to
12ppt at the floodgates. A decrease in salinity of more than I3ppt on March 274, 2000, to 25.3-
26.6ppr (surface to bottom) cannot be explained by ramfall events. The same decrease was
recorded at Wonnerup floodgates also.

On February 9th 2000, the last sampling occasion prior to the fish kill event (February 154, 2000
— see section 10.3), the salinity gradually increased from 33.3ppt on the surface to 36.0ppt at
1.0m deep. The morning following the fish kill (February 16, 2000), after the {loodgates were
opened to a high head of water for 8 hours the previous day, salinity on the strface and at 0.5m
was 36.9ppt, whilst salinity at 1.0m and [.5m was 38.8 and 39.2ppt respectively. It appears that
the water column may possibly have been stratified between 0.5-1.0m.

No in situ measurements of physical parameters were made on the momng of the fish kill as all the
available WRC equipment was i Perth for the Swan River algal bloom that occurred at the same
e,

8.2.2 WONNERUP FLOODGATES

A salinity profile of the Wonnerup Estuary exit channel immediately upstream of the Wonnerup
floodgates is presented in figure 10. The salmity profile closely follows that of the Vasse
floodgates (figure 10). During the course of the monitoring program, the salinity ranged from
fresh (3.8ppt) ro highly saline (42.0ppt), with week to week variance of up to I2ppt.

Following the floodgate opening on February 34, 2000, salinity rose more than 11 ppt, from
27.0-27.5ppt (surface to bottom) on February 3, to 38.6-39.5ppr on February 9%. The
floodgate opening of February 21* did not affect salinity. An anomalous decrease in salinity of
more than 12ppt had occurred by the next sampling occasion after the floodgate opening of
February 25, This cannot be explained by rainfall, however the same decrease was recorded at the
Vasse floodgates.

8.3 Water Temperature

8.3.1 VASSE FLOODGATES
A temperature profile of the Vasse Estuary exit channel, immediately upstream of rhe Vasse

floodgates is presented m figare 11, The maximum water temperature recorded was 26.9°C, on
December 30, 1999, The water temperature declined, with some large fluctuatzons, until March

1O, 2000 (23°C), after which the temperature declined to remain below 21°C for the remainder
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of the monitoring program. The minimum water temperature reached was 17.9°C on April 6%,
2000. Weekly fluctuations of up to 4°C were recorded.

The sampling occasion prior to the fish kill (February 9, 2000), the water temperature of 21.6°C
(consistent from the surface to the bottom - 1.0m) was the second lowest recorded for the
monitoring period to that date. The morning following the fish kill (February 164, 2000), after
the floodgates were opened for 8 hours the previous day, the water temperature was around 24°C,

with the bottom water (I.5m) 0.5° warmer than the surface.

2.3.2 WONNERUP FLOODGATES

A temperature profile of the Wonnerup Estuary exit channel immediately upstream of the
Wonnerup floodgates is presented i figure 12. The maximum water temperature recorded was
25.5°C, on December 2204, 1999, which is 1.5°C cooler than the maximum water temperatare n
the Vasse Estuary. The minimum water temperature reached was 18.7°C on April 6%, 2000,
which is just under 2° warmer than the Vasse Estuary. Weekly fluctuations of up to 5°C were

recorded.

Table 2. Times of weekly water sampling undertaken by Water and Rivers Comumission Southwest
together with the duration of time since sunrise.

DATE TIME OF VASSE FLOODGATES WONNERUP FLOODGATES
SUNRISE SAMPLING HOURS SAMPLING HOURS
TIME SINCE TIME SINCE
SUNRISE SUNRISE

16/12/99 5.02 am 9.28 am 4 hrs 26 min 10.36 am 5 hrs 34 min
22/12/99 5.05 am 9.35 am 4 hrs 30 min 041 am 5 hrs 36 min
30/12/99 5.10 am 9.20 am 4 hrs 10 min {0.20 am 5 hrs 1 min
6/01/00 5.15 am 9.24 am 4 hrs 9 min 10.24 am 5 hes O min
12/01/00 520 am 9.24 am 4 hrs 4 min 10.26 am 5 hrs 6 min
21/01/00 5.28 am 1007 am 4 hirs 39 min [1.27 am 5 hrs 59 min
27/01/00 5.34 am 1005 am 4 hrs 31 min 1135 am 6 hrs I min
3/02/00 5471 am 9.15 am 3 hrs 34 min 10.05 am 4 hrs 24 min
9/02/00 547 am 8.25 am 2 hirs 38 min 9.53 am 4 hres 5 min
16/02/00 5.54 am 8.47 am 2 hrs 53 min 11.00 am S hrs 6 min
25/02/00 6.02 an 1210 pm 6 hrs 8 min 1.10 pm 7 hrs & mm
2/03/00 6.07 am 1230 pm 6 hrs 25 min 1.20 pm 7 hrs 13 mun
10/03,/00 6.14 am 11.20 am 5 hs G min 12.15 pm 6 hrs T min
17/03/00 6.19 am 10.30 am 4hes L1 min 1.00 pm 6 hrs 41 min
23/03/00 6.24 am 9.10 am 2 hrs 46 min 10 15 am 3 hrs 51 min
31/03/00 6.30 am 3.50 am 2 hrs 20 min 9.55 am 3 hrs 25 min
6/04/00 6.34 am 9.40 am 3 hrs 6 min 1045 am 4 hrs I min
12/04/00 6.38 am 10.10 am 3 hrs 32 min 12.00 pm 5 hrs 22 min

Sampling times provided by Water and Rivers Conunission Southwest
pling P ¥

8.4 Dissolved Oxygen

Dissolved oxygen profiles are presented here as line graphs, which do not indicate the significant
Jevel of fluctuation that occurs during each day (see section 1.2). Dissolved oxygen (DO)
concentrations are variable, depending on the time of day, and alse due to temperature and
atmospheric pressure. These profiles represent the week to week variance i DO at the tme of the
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WRC Southwest sampling, which varied between 8.20am and 1.20pm over the course of the
monitoring program. As a result, some of the week to week variance i the observed DO 1s a factor
of the time of sampling and weather conditions. Profiles of DO are presented as both total amount
present (mg/1.), and as percentage saturation, Percentage saturation is the percentage of total DO
that should be present at equilibrium for che given water temperature and armospheric pressare. To
assist Interpretation of the DO profiles, the time of cach weeks sampling together with the
duration of time since sunrise is given in table 2.

8.4.1 VASSE FLOODGATES

DO profiles for the Vasse Estuary exit channel immediately upstream of the Vasse floodgates are
shown as the total concentration present (mg/ L) in figure I3, and as percentage saturation n

figure 14.

DO concentrations during the sampling occasions varied from a high of 11.2mg/L (just over
150% saturation) at the surface on January 12th, 2000, to a low of 1.19mg/L at the surface (17%
saturation) on February 16%, 2000 (the moming following the fish kill incident, after the
floodgates had been opened for 8 hours the previous day). Immediately following the opening of
- Wonnerup Inlet mouth, and throughout January, DO was considerably higher on the surface than
the bottom, with up to 9mg/L (or more than 125% saturation) difference between the surface
and the bottom on Janwary £2%, 2000. The surface DO, and the range between surface and
botrom DO, declined after January 12%, to reach the minimum recorded DO of 1.17mg/L on the
surface {17.6% saturation) to just 1.49mg/L (22.5% sataration) at 1.5m on February 164, 2000
(the morning following the fish kill, after the floodgates were opened to a high incoming tide for 8
hours). DO was more than five times higher the following week (February 25, 2000), however, 1t
was measured three and a half hours later than the previous week. DO fluctuated for the remainder
of the monitoring period, however it was not recorded below 41% saturation, and not above 81%
saturation again. Owver the course of the WRC Southwest monitoring, DO was measured at
different times each week at the Vasse floodgates, from 8.25am to 12.30pm (see table 2).

On February 26%, 2000, Jim Lane (CALM) and Chris Webb (WRC Southwest) profiled the
carly morning DO, from 6.55am to 7.15am, at three locations along the Vasse Estuary exit
channel, from the floodgates to the two stramer posts on the south bank of the channel,
approximately 150m upstream (see paragraph 3 of section 8.4.2 for reason). Water was trickling
out {downstream) through the tloodgates, and consequently, there was little variance between the
measared sites. Immediately in front of the floodgates, DO ranged from 52Img/L (72.6%
saturation) on the surface, to 5.22mg/L (72.4% saturation) on the bottom, although DO was
highest at 1.2m (5.57mg/ L or 79.1% saturation). At the stramner posts, DO ranged from
5.72mg/L (80.4% saturation) on the surface, to S.85mg/ L (79.9% saturation) on the botton.
The water temperature was 0.5°C cooler at the floodgares than 150m upstream (20.9°C compared

to 21.4°C).

8.4.2 WONNERUP FLOODGATES

DO profiles for the Wonnerup Estuary exit channel mmmediately upstream of the Wonnerup
floodgates are shown as the total concentration present {mg/L.) in figure 15, and as percentage
saturation in figure 16,

DO concentrations during the sampling occastons varied from a high of 9.72mg/L {137.7%
saturation) on the surface on April 12, 2000, to a fow of 3.8.2mg/ L (53.7% satutation) on
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March 315 which was the earliest sample taken during the monitoring period (9.55am). Sampling
for DO occurred at varying tumes, ranging from 9.55am to 1.20pm, so some of the week to week
variance may be a factor of the time of day. It 1s interesting to note that on February 16% and 2.5%,
2000, the surface DO was lowest for almost the whole monitoring period (except March 31+,
even though the sampling did not occur until midday, when DO 15 normaily highest for the day
(11.00am and 1.20pm respectively). Prior to the mitial floodgate opening of February 3+, 2000
(when the stopboards were also removed from one bay), DO was considerably higher at the surface
than on the bottom, excepting January 21, 2000. Following the increase in salinity that occurred
after the floodgate opening, DO remained consistent throughout the water column for the
remaimnder of the sampling occasions.

Following five consecutive days of apparently stressed fish behaviour (from February 21* to 25,
2000 - see section 10.2.2), which calminated with a floodgate opening on February 25h, Jim Lane
(CALM) and Chris Webb (WRC Southwest) profiled the DO upstream of the Wonnerup
floodgates early on the morning of February 26%, 2000. From 6.0lam to 6.26am, DO was
profiled at five locations along the Wonnerup Estuary exit channel, from the floodgates to the
overhead powerlines above the channel, approximately 150m upstream. Water was trickling out
(downstream) through the floodgates at the time of sampling, and consequently, there was only
minimal variance between the measured sites. Immediately in front of the floodgates, DO ranged
from 2.56mg/L (33.6% saturation) on the surface, to 2.14mg/L (29.2% savuration).
Approximately 100m further up the channel (alongside the metal pole), DO ranged from
3.31111g/ L (44.7% saturation) on the surface, to 2.68mg/ L (34.9% saturation) on the bottom. In
the centre of the channel below the powerlines (abour 150m upstream), DO ranged from
3.101ng/ L at the surface to 2.68mg/L on the bottom. DO was marginally lower in the shallows
alongside the bank, with the DO ranging from 2.36mg/L (31.7% saturation) at the surface to
2.3Img/ L (30.0% saturation) on the botrom. The water temperature was 1.5°C warmer at the
floodgates than [50m upstream (19.5°C from surface to the bottom at the floodgates compared

to 18.05-17.7°C from the surface to the bottom, m the channel 150m upstream).

8.5 pH

pH is a measure of the acidity or alkalinity of a waterbody. Like DO, pH may fluctuate
significantly over the course of the day, due to the amount of carbon dioxide in solution, and also
biological activity (see section 1.2). A chart showing the weekly change in surface pH at the time
of WRC Southwest sampling occasions, upstream of the Vasse and Wonnerup floodgates is
presented in figure 17. This char describes the week to week variance m surface pH immediately
upstream of both floodgates only, and does not show the daily variation that will also have
occurred. Some of the variance between pH from week to week may be a factor of the time of day,
as sampling was not undertaken at the same time cach week.

8.5.1 VASSE FLOODGATES

At the conumencement of the moniroring program, pH upstream of the Vasse tloodgates was 8.68.
The highest pH recorded was 9.07 on January 21+, 2000 The minimum pH recorded was 7.67
on February 16% (the morning followmg the fish kill event, after the floodgates had been opened
for 8 hours the previous day). The pH fluctuated around 8.00 for the remainder of the monitoring
period.
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8.5.2  WONNERUP FLOODGATES

Upstream of the Wonnerup floodgates, week to week changes in surface pH closely followed that
i the Vasse, although the pH was usually around 0.5 units lower until March 204, 2000, after
which the pH in Wonnerap remained marginally higher. The recorded pH varied from a high of
8.62 on December 220, 1999 to a low of 7.60 on Febniary 16%, 2000.

8.6 Turbidity

Turbidity is a measure of the clarity of a waterbody. In both the Vasse and Wonnerup estuaries
during the monitoring period, turbidity was probably most affected by phytoplankton densities.
Turbidity immediately upstream of both floodgates {surface only), expressed as nephelometric
turbidity units (NTU) is shown in figure 18. A high NTU reading mndicates high turbidity (low

claricy).

8.6.1 VASSE FLOODGATES

At the comuencement of the monitoring program (December 164, 1999), che rurbidity of the
water upstream of the Vasse floodgates was the second most turbid that was recorded for the
entire monitoring period (56.0 NTU). Two days prior to the opening of Wonnerup Inlet mouth
(December 2274, 19995, the rarbidity had already declined by almost half {to 28.3 NTU). Six
days later (December 30, 1999), turbidity had declined by half again (ro 13.8 NTU). The
turbidity then rapidly mcreased again to reach the maximum of 67.7 NTU on January 12, 2000.
Two weeks fater (January 27, 2000), rarbidity had decreased to one third agam (22.7 NTU).
The turbidity decreased by less than 5 NTU in the week following the floodgate opening of
February 3+, 2000, and decreased by a further 5 NTU the morning following the fish kill event,
after the floodgates had been opened for 8 hours the previous day. The wurbidity rose slightly the
week following the fish kill event and floodgate opening (to 18.6 NTU on Febraary 25%, 20003,
and then declined to fluctuate below 15 NTU for the remainder of the monitoring period.

8.6.2 WONNERUP FLOODGATES

At the commencement of the fish monttoring program, the turbidity m Wonnerup estuary was
considerably lower than in the Vasse (14.2 NTU compared to 56,0 NTU on December 16,
1999). Two days prior to the opening of Wonnerup Inlet mouth (December 220d, 1999), the
rusbidity was 20.5 NTU. Following the opening of the mlet mouth, the turbidity declined only
minimally, to reach 16.1 NTU by January 6%, 2000. The turbidity peaked at 42,9 NTU on
January 215, 2000. Turbidity then declined steadily for the remainder of the monitoring period,
except for two minor rises, on February 9%, 2000, following the floodgate opening the previous
week, and on February 25%, 2000, following the floodgate opening of February 21+ Both
represent rises of less than 8 NTU, however the reason for these rises s not clear.

9 WATER QUALITY OBSERVATIONS

9.1 Observations Of Phytoplankton and Water Colour

Daily changes in the colour and clarity of water may potentially provide management with an
indication that a toxic algal bloom, or algal decay situation is occurring. For instance, dinoflagellate
species, some of which are toxic to fish, may rapidly rum the water a red-brown colour before fish
deaths occur (]. Lane, CALM, pers. comm. ). Similarly, when the water in the estuary rapidly clears
following a period of high turbidity due to an algal bloom, 1t 1s probable that the bloom has
collapsed and thar benthic decay, which consumes oxygen, i occuering. For these reasons, a
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subjective assessment of water colour and clarity, together with observations of scum, were made at
every inspection, Comparison of this information to the WRC Southwest’s phytoplankton
sampling results may provide management with an indication of the readily apparent visual signs
(if any) of the different microalgae that dominate the blooms in the wetland system. Complete
tabulations of the visible water quality observations inade at each mspection are inclided in
Appendix 4 (Vasse floodgates upstream), Appendix 5 (Vasse floodgates downstream), Appendix
11 {Wonnerup floodgates upstream), and Appendix 12 (Wonnerap floodgates downstrean).

9.1.1

VASSE FLOODGATES

A summary of the visible changes in water quality upstream of the Vasse floodgates over the course
of the monitoring program is shown m table 3. Visible changes i the quality of water downstream

of the floodgates are given in table 4.

Table 3. Summary of visible changes 1n the quality of water upstream of the Vasse floodgates.

PERIOD COLOUR SCUM CLARITY COMMENTS
16/12/99  — | Bright pea-green Golf-ball  sized spongy | Poor to very poor
24/12/00 green and black scum ar
floodpates
26/12/99 ~ | Olive green -~ Poor {cleared | Bubbles rising at
4/01 /00 khaki -  oclive slightly on flocdgates
brown 3/01/00)
5/01/00 - Bright green with | Large patches of spongy | Very poor to nil | Water very thick  and
12/01/00 darker green khaki green and brown visibility soupy locking, swirls of
{khaki) scum with whire foam phytoplankton visible in
phytoplankeon babbles around  the the  water  column,
swirls or edge of the scums bioom looks like light
floccules  visible and dark green marbled
in water column paper
13/01/00 — Bright green No scun Vesy peor 10 nil | Water homogenous  in
15/01/00 visibility colour and wexture, very
smelly on leeward shore
16/01/00 -~ | Bright green Large khaki and brown | Very poor 1o nil | Nil visibility for most of
19/01/00 spongy and  crusty visiblity this  period, lots  of
scum mats, surrounded bubbles on surface with
by bubbles, floating on SCUIT MALs
surface from floodgates
to past 30m upstream
20/01/00 ~ | Bright green ~ | No scum Very poor Homogenous looking,
23/01/00 olive green although slight
phytoplankton swirls
visible in the thick soupy
water. Appeared 1o clear
slighdy on 23/01/00
24/01/00— | Bright o khaki | Small patches {triangles) | Very poor Thick and soupy looking
25/01/00 green  motdded | of spongy khaki scam bloom again - appeass
with lighter | at floodgates as if a thick colloid
green forming, looks —darker
phytoplankton than previous weeks
flecks
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Table 3. Summary of visible changes i the quality of water upstream of the Vasse floodgates.

PERIQD COLOUR SCUM CLARITY COMMENTS
26/01/00— | Khaki green o | No scum {except for a | Poor Leoks to have improved in
29/01/00 dark khaki small patch of crusty . clarity, clearer than all of
brown scum at Decemibzer
flocdgates on
29,/01/00)
30/01/00~ | Dark khaki/green | Kaleidoscope —coloured | Very poor to ail | Bloom again, thickest at
5/02/00 and bright/light thick and  chunky | visibihiy foodgates o around
olive green spongy scums from the 20m upstream -
floodgates 1o 100m extended >100m
upstream (sce plate 1§ upstream on 2/02/00 -
appeat to be the worst
the bloom had been all
sunmer  ~  {loodgates
were opened  for 4.5
hours to release fish on
3/02/00
6/02/00 — Dark  khaki o | No scum Poor Bubbles and froth on
11/02/00 brown (pale surface ac floodgates and
brown by aleng north  bank  —
11/02/00) clarity improved over
fast two days
12/02/00 -~ | Olive brown No scum Poor-moderate Froth/bubbles on surface
15/02/00 and then for  ISm  upstream,
moderate-good occasional bubbles
rising,  sulphur  smell
along north bank
16/02/00 — | Dark khaki —clear | No scum Very  good - | Following the fish kilk
17/02/00 moderate event (15/02/00), the
floodgates were opened
for & hours which
cleared the water on
16/02/00
18/02/00 Dark khaki Bright olive and pale i Poor Froth alf around scum
green scum at
floodgates
19/02/00— | Qlive No scum Moderate to good | Slighdy clearer  than
20/02/00 brown/khaki previous few days —
could see bottom along
banks,  bubbles  for
120m  upsweam  along
banks
21/02/00 — | Dark kbaki Large chunks of patchy- | Moderate Bubbles rising at
24/02/00 coloured {pale to dark floodgates and m
brown) spongy scum in patches  for  200m
patches on surface of upsiream
water at FG and pacchy
for 200m upstream.
25/02/00 - Pale milky green o Small amount of spongy | Moderae w poor Natable colour change on
28/02/00 olive green brown scum remaining and then o very 25/02/00 followed by

poor

a bloom that  visibly
thickened the water for
Sm  upstream  of the
floodgates,  sulphurous
sinell along south bank
for two days
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Table 3. Summary of visible changes in the guality of water upstream of the Vasse floodgates.

PERIOD

COLOUR

SCUM

CLARITY

COMMENTS

29/02/00 ~
8/03/00

Pea-green w milky
green to  khaki
green

No scum

Moderate

Water  column  slowly
clearing, bubbles rising
along both banks and at
floodgates,  sediments

look very black

10/03/00 —
28/03/00

Miky green 1o
milky pea green

No scum

Moderate

Estoary very smelly on
10/03/00, bubbles on
surface afong N bank
for most of the period

30/03/00 —
7/04/00

Dark khaki green

Oily {ilm with a small
amount of pale and
dark brown thin scum
on surface on 30/03

Moderate to poor
(30/ 3 and
1/04) then

moderate

Water quality noticeably
deteriorated  for two
days then the water
slowly  cleared, few
bubbles on 31/03 and
1/04 only

9/04,/00
13/04/00

Khaki green

Good

Water was the clearest all
surnmer  due 0
strong feakage of water

for several

days due o

exceptionally high tides

—~  wvery smelly on

13/04/00

ve ['}’

LIPS ream

15/04/00

Pale green

Very small amount of
pale brown scum at
floodgates with some

bubbles

Moderate

Colour and clarity change
again

Table 4. Summuary of visible changes in the quality of water downstream of the Vasse floodgares,

PERIOD COLOUR SCUM CLARITY COMMENTS
16/12/99 — Olive green to pea | No scam Poor Water quality downstream
24/12/99 green 1o coppery was similar to upstream

brown on 24/12 until the opening of the
Wonnerup Inlet mouth
on 24/12/00
26/12/99 — | Khaki green — dark | No scum Mosdy  moderate Bath the colour and clazity
27/02/00 khaks o good of water downstreamy of
{although good the floodgates  wvary,
o very good sometimes  dramatically,
during from day to day due o
27/01/00 - the effects of tide and
3/02/00) leakage from upstream
28/02/00 — | Khaki  green o | Noscum Mostly very good Very clear on most days
15/04/00 very clear

912 WONNERUP FLOODGATES
A summary of the visible changes in water quality upstream of the Wonnerup floodgates, for the
course of the monitoring program, is shown in table 5. Visible changes in water quality
downstream of the floodgates are shown in table 6.
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Table 5. Sunumary of visible changes in the quality of water upstream of the Wonnerup floodgates.

PERIOD COLOUR SCUM CLARITY COMMENTS
Brown to | No surface scum other § Mostly poor | Water homogenous
16/12/99 - . N ‘ o . P
7/01,/00 olive/brown  or Lhan‘smau Amounts of {moderate-poor looking, no  surface
green/ brown Ruppia matiing to poor-very scum, some submerged
poor) filamentous and spongy
algae along  banks -
Wonnerup Inlet mouth
was opened on
24/12/99
8/01/00 — Olive brown 1o } Qily pale green surface | Very poor w nil | Shiny surface film
12/01/00 brown film  — looks like | visibility extended upstream from
marbled paint the fHoodgates for up 10
20m upstream. Worst
day was 10/01/00
13/01/00 — | Olive brown No scum Poor to very poor Water afl  homogencus
15/0%/00 looking for 3
consecutive days
16/01/00 - | Olive brown/dark | Switls of pale green and | Very poor to nil Bloom worst on
20/01/00 khaki brown oily surface fihm visibility 17/01/00 — thick for av
— very marbled and least 50m upstream —
mottled looking water smelly as well
21/01/00 - | Brown o olive | No scum Very poor Homogenous again due o
23/01/00 brown o khaki 2 davs of wind
24/01/00 — | Olive green — | Phytoplankton  visibly { Very poor Wind pushing up against
25/01/00 bright green flocculating  together flocdgates s causing
(wind driven) o form scum 1o form on surface
a shiny green surface right at floodgates again
film at the {loodgates
26/01/00 ~ Olive green Small amounts of several | Poor Clarity improved slighdy
30/01/00 types of scum ~ shiny on  previous  weeks.
green  surface film, Deteriorating  again by
some lopg  brown the 30/01/00, when
“stringy’ scam {>>30cm sediment surface {crusty
long x 2mm wide), and brown scum) appears to
also submerged green have risen in  small
spongy  scum  along pazches
banks
31/01/00 — | Dark olive green - | Small amounts of pale | Poor - very poor Bloom visibly confined to
3/02/00 khaki with green green paint-like scum 20m upsueam of the
phytoplankton together with  stringy floodgates
swirls visibie scum
4/02/00 - Qlive brown — | Noscum Moderate to good | Clearest the estuary  has
9/02/00 khaki - brown been yer, following the
opening of the
flocdgares on 3/02/00
for Jhours, all
stopboards remained eut
in release bay, resufting
in increased seawater
feakage upstream also
10/02/00 - | Olive  brown — | Very small amount of | Poor Water quality noticably
11/02/00 dark brown brown stringy  scum deteriorated, residual
only bubbles on surface at

floodgates
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Table 5. Summary of visible changes in the quality of water upstream of the Wonnerup floodgates.

PERIOD

COLOUR

SCUM

CLARITY

COMMENTS

12/02/00 —
20/02/00

Olive brown -
olive  green  —
khaki green

Very small amount of

stringy brown scum at..

flocdgates only

Moderate - good

Bubbles on surface from
floodgates upstream
(40m  agpstream  on

16/02/00)

21/02/00 -
25/02/00

Pale mitky khaki
green - very

clear

No scum

Very good

Very clear — could sce
bottom for a long way
upstream  —  many
bubbles  rising along
banks and at  the
floodgates, following
opening of the
floodgates on
21/02/00 o release
fish

26/02/00 -
10/03/00

Khaki o

green

olive

No scum

Maoderate to good

Slighuly cloudier than the
previous  week  (milky
green  tnge),  dense

masses of bubbles and

brown froth on surface
along  banks and at

floodgates (see plate 2)

[2/03/00 -
15/04/00

Very clear {light
khaki tinge}

Ié .

No scum {except {or very
occastonal small
amount  of  string
brown scum right at

floodgates only)

Very good

Very clear water — dense
bubbles on surface afong
banks and ac floodgates
from  14/03/00 -
18/03/00, smail
amount of bubbles on
surface for several days

Table 6. Summary of visible changes in the quality of water downstream of the Wonnerup

tloodgates.
PERIOD COLOUR SCUM CLARITY COMMENTS

16/12/99~ | Olwe  green Small amount of | Moderate Water quality downstream
26/12/99 brown chocolate brown scum was similar o upstream
at floodgates priot to the opening of
the  Wonnerup  Inlet

sandbar on 24/12/99
26/12/99 — | Khaki green No scum Moderate-good to | Water  colour  in the
26/01/00 good immediate  vicinity s
affected daily by the
leakage  flow  from

upstream

26/01/00 — | Very clear | No scum Very good Water very clear — could
15/04/00 {occasional scc  bottom  off  the
milky khak: Forrest Road bridge on

tinge for a day or
two)

most days
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9.2 Observations of Water Clarity

Visual observations of water clarity can prov;dc management with an indication of whether an
algal bloom, or algal bloom decay is occurring. At times, inspections were made close to dawn, and
the angle of the sun was quite Iow, shading the water upstream of the Vasse floodgates, which
made it difficult to judge the colour and claricy of the water. Similarly, overcast or cloudy
conditions could dramatically alter the appearance of the water. To more cleasly judge the clarity
of the water, to note day by day changes, a secchi disc may be useful.

9.2.1 VASSE FLLOODGATES
The subjective rating of water clarity, applied by visual assessment at each inspection, for both the
upstream and downstream sides of the Vasse floodgates is given 1n figure 19.

Water clarity upstream of the floodgates was judged to be ‘poor’, and rapidly deteriorating prior to
the opening of the Inlet mouth on December 24%, 1999, which slightly mmproved clarity until
January 5%, 2000. From January 6t until February 3+, 2000, when the floodgates were opened for
the first time, clarity was ‘very poor’ (excepting a few days between January 26t and 29, when the
water cleared a little), and for many days the actual visibility invo the water was zero. Following the
initial floodgate opening on February 39, the clarity improved gradually to ‘poor — moderate” on
February 14 (the morning prior to the fish kill) and ‘moderate to good’ the next morning, when
the fish kill occurred (February I5%, 2000). Following one very clear day (February Leth, 2000)
after the floodgates were opened for 8 hours to a very high incoming tide, clarity then declined to
reach ‘poor” again by February 254, 2000, when the floodgates were again opened to release fish.
Water clarity then improved to ‘moderate’, except for 2 occasions when clarity deteriorated to
‘poor’ (March 16% and 31+, 2000), until April 7, after which dlarity further improved for the
remainder of the monitoring period.

Downstream of the floodgates, water clarity was mitially ‘poor’, although slightly better than
upstream, until the openmg of Wonnerup Inlet on December 24%, 1999. After the inler became
tidal again, water clarity downstream of the floodgates fluctuated dramatically due to the daily
effects of leakage and tides, although it remamed ‘moderate” or betrer, except for two occasions
(February L% and 26/27%, 2000), when the quality deteriorated to ‘poot” again.

9.2.2 WONNERUP FLOODGATES

The subjective rating of water clarity, applied by visual assessment at each mspection, for baoth the
upstream and downstream sides of the Wonnerup floodgates is given in tigure 20.

Upstream of the Wonnerup floodgates, water clarity slowly deteriorated, despite the opening of
Wonnerup Inlet mouth, to ‘very poor’ by January 7¢h, 2000. Water clarity remained ‘very poor’
until January 25%, after which it improved shightly (to ‘poor’). Following the floodgate opening on
February 3+, the clarity steadily improved until February 20, when the water cleared to ‘very
good’ for the first time during the monitoring period. “Very good” water clarity lasted for four
consecutive days, which coincided with a period of five consecutive days where fish appeared to be
very stressed (see section 10.2.2). Water quahty subsequently declined slightly over the following
week, and then flucruated from ‘good’ to ‘very good’ for remainder of the monitoring program.

Downstream of the floodgates, water clarity was initially ‘moderate’, and was slightly betrer than
upstream, until the opening of Wonnerup Inlet on December 24, 1999. After the indet became
tidal again, water clarity downstream of the floodgates fluctuated dramatically due to the daily
effects of leakage and tides, although it remamed ‘moderate’” or better, except for two occasions
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{January I1* and 26, 2000), when the quality deteriorated to ‘very poor’, After January 27
2000, water quality was almost always ‘very good’ downstream of the floodgates.

10 FISH BEHAVIOUR

10.1 Fish Species Observed

During the course of the monitoring program, a list of fish captured during the angling trials and
fish clearly observed was generated for each estuary and Wonnerup Inlet (table 7). Only positively
identified species have been inchuded, so the list is not an exhaustive species list.

Interestingly, on February 3, 2000, an injured southern blue-fin tuna (approximately Im long)
was observed swimming back and forth paralle]l to the downstream side of the Vasse floodgates.
The fish appeared to have been speared or harpooned in the top of the head, although the mjury
did not appear likely to kil the fish. It is probable that the fish was using the inlet to recover. This
observation highlights how Wonnerup Inlet is used opportunistically by a wide variety of fish
species, even farge tuna.

Table 7. Fish species observed or captured m the various components of the wetland system.

COMMON NAME SCIENTIFIC NAME VASSE WONNERUP | WONNERUP
ESTUARY ESTUARY INLET

Sea muller (flar-nosed mullert) | Magil cephalus v v Vv
Yellow-eye mullet (pilch) Aldrichetta forsieri N, N N
Black bream Acanthopagris butcheri ~ J N
Unidentified goby sp. M

Herring Arripis georgianus N
Tailor Pomatomus saltator N
Sand whitng Siflago sp. A
Flounder Psevedorhombus sp. N
Yellowtai! cumpeter Awmiiataba caudavitiatis N
Blue-fin tuna Thustrus maccoyii \/

In addition to sea mullet, yellow-eye mullet and black bream, blue manna crabs Portunus pelagicus
were observed in Wonnerup Inlet and in both estuaries upstream of the floodgates.

10.2 Daily Fish Activiry

Throughout the monitoring program, the majority of the fish observed both upstream. and
downstream of the floodgates were mullet, due to their characteristic schooling and surface activity.
Although both sea mullet Mugil cephalus and yellow-eye mullet Aldrichetta forsteri are present i the
estuaries, on almost all occasions, it was not possible to tell one species from the other whilst
rapidly swimming, so all observations refer simply to mullet.

Normal active muller behaviour included activity both on the surface and below the surface, some
of which could ot be seen without polaroid sunglasses and an experienced eye. On the surface,
small mullet (generally less than 30cm long) could frequently be seen schooling in tight circles,
occasionally splashing at the surface or jumping completely out of the water (see plates 3 & 4).
Alternately, schools of mullet (particularly the larger muller) would swim very rapidly below the
surface, back and forth, only very occasionally (often not at alf) breaking the surface. These were
all considered to be very active behaviouss, yet not all were visible on the surface. At times, only the
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briefest flash of a school of fish was visible, yet it provided confirmation of the activity of fish. At
other times, fish would swim more slowly below the surface, rolling sideways (often visible as
flashes), and occasionally just break the surface, resulting in a gentle surface rise (visible as a surface
ring). This was also considered to be active behaviour, but less vigourous than that described

above,

On several occasions, mullet appeared to behave in stressed ways. On at least several days, schools
of hundreds to thousands of farge mullet were observed to be nosing hard up to the gaps m the
floodgates where seawater was leaking in from downstream, such that the water appeared to be a
seething mass of fish. Immediately prior to and following the fish kill event (0600-0715 hours on
February [5%, 2000), mullet were seen to be gasping at the surface and swinming with their noses
above water. These two behaviours were considered to be stressed fish behaviours, suggesting that

the release of fish was necessary.

Perplexingly, similar behaviour was observed on at least several occasions m Wonnerup Inlet
(downstream of the floodgates), when the water quality appeared to be fine. On several occasions,
large schools of mullet and black bream were observed nosing hard up to the gaps in the floodgates
in the murky leakage flow from upstrean, although they were never seen m a ‘seething mass’ as was
observed on the upstream side of the floodgates. At other times, particularly in December and
towards the end of the monitoring program, large schools of muller were observed swimming very
slowly i dense schools with just the very tip of their noses at the surface. Occasionally one or two
i the school would splash at the surface or jamp completely from the water. Although it s unclear
what the fish were actually doing (they may have been feeding on microalage), the behaviour is
distinct from the stressed behaviour where fish gasp at the surface, as the mouth of the fish
appeared to remain below the surface. Additionally, muller both within the school and in other
schools in the same area at the same time were observed to be vigorously splashing and jumping
out of the water. As a result, these behaviours, although very similar, were not considered to
constitute stressed behaviour.

On many of the mornings during the course of the monitoring program, the conditions were very
calin av the time of the inspections (see Appendices 2 and 9 for a tabulation of weather conditions
at the time of each inspection). On several occasions, the wind rapidly freshened during the
inspection, thereby oxygenating the water upstream of the floodgates, and the activity of mullet
rapidly increased, particularly the frequency of small fish jumping above the water,

While a very high level of fish activity obviously indicates the presence of a large number of {ish m
the area, a low level of observable activity does not necessarily indicate that fish were not present in
the area at the tune. At times, particulatly when severe algal blooms and surface scums were
present, the visibility into the water column reduced to just centimetres (down to zero visibility at
times), and only fish activity at the surface could be observed. Also, activity below the surface was
only visible for around 25m upstream. When the sun was at very low angles to the water surface in
the moming, 1t was also difficult to see mrto the water column, particularly n shaded areas and
when the sky was overcast.

Although the daily observations of fish behaviour made during the course of this monitoring did
describe the distance that fish activity was from the floodgates, the subjective activity rating was
applied to describe the total activity observed between the floodgates and 250-300m upstream.
This approach to summarise the observed fish activity was taken due to the limited budget for
reporting and analysis of the monitoring program results. The activity rating does not discrimmate
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between fish activity fmmediately at the floodgates, and that which occurred 250m upstream.
Consequently, the activity rating does not, at times, accurately describe the activity and behaviour
of fish in the area affected by the leakage flow {which is also the limit of the WRC Southwest data
on physical parameters described in this repost). As a result, the fish activity ratings may not
correlate closely with the leakage data here. It would be better to examimne each day’s activity
observations in terms of distance from the floodgates in relation to the leakage rate and direction
data, however the available time did not allow this to be done. A complete tabulation of the daily
fish behaviour observations at the Vasse floodgates is mcluded in Appendix 6, and at the
Wonnerup floodgates i Appendix 13.

To accurately determine the effects of seawater leakage on mullet behaviour m the estuary exit
channels, appropriate statistical correlation of the observed fish behaviour both at the floodgates
and further upstream {such as Ballarat Road) together with the direction and rate of leakage 1s
required. Additionally, statistical correlation of the effects of leakage on physical parameters along
the length of the exit channel is required. This may require the collection of more rigorous data to
describe mullet behaviour and activity, such as the number of rises per minute per area, and log

abundance of fish per area.

Although black bream are present in all areas of the system, they never feed or swim at the surface,
so observations of bream were only made when the water was very clear, and they were close
proximity to the floodgates. Therefore, the bulk of the observations made refer to both species of

mullet,

10.2.1 VASSE FLOODGATES
A chart of daily fish activity ratings upstream and downstream of the floodgates is presented m
figure 21.

For the first three weeks of monitoring, low levels of fish activity (either individual fish or very
small schools only) were recorded upstream of the floodgates, when the leakage was downstream
and very gentle at most inspections. For the next three weeks, from January 6% to 264, when water
quality was lowest, no fish activity was observed at all. This is not sarprising given the extent of
surface scum and water clarity during this period. Hosja and Deeley {1994) suggest that fish and
crabs will avord areas affected by dense blue-green algal blooms, however they were observed on at
least several occasions swimming actively and surfacing right on the edge of dense mats of scums
when seawater had been leaking upstream (see plate 5). This did not occur during this period
however, when estuary water was observed to be leaking downstream on almost every occasion.

A comparison of daily activity ratings to leakage direction and rate revealed that over the course of
the monitoring program, as the amount of scawater leaking through the floodgates increased, the
observed activity upstream of the floodgates increased. Prior to February 20%, 2000, the number
of days where seawater was leaking upstream was considerably less than later m the monitormg
program. Additionally, for the first two months of monitoring, when seawater did leak 1,
upstream through the floodgares, 1t was rarely more than a very gentle trickle, which 1s less likely to
alter conditions directly upstream of the floodgates than a fast Jeakage of water. The level of
observed activity was consistently greater after February 20%, when the head of water was regularly
above 20cm on the downstream side, resulting in a moderate to fast rate of leakage upstream
through the floodgates. Following the fish kill (February 5%, 2000), fish activity was moderate to
high, with hundreds of active schooling mullet observed on all bur three days, which were days
where the leakage of seawater was downstream.
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10.2.2 WONNERUP FLOODGATES

A chart of daily fish activity ratmngs upstream and downstream of the Wonnerup floodgates is
presented in figure 22,

At the Wonnerup fHoodgates, the direction of water leakage was upstream more frequentdy than at
the Vasse. Water quality was also better. As a result, for most of the monitoring period, activity
was considerably greater at the Wonnerup Floodgates than at the Vasse.

During the week of February 21 to 254, 2000, thousands of very large muller were seen
schooling hard up against the floodgates where seawater was rapidly leaking in from Wonnerup
Inlet, such that the water looked like a scething mass of fish. When this was observed, the warter
was very clear, so fish could be scen below the surface. There was very little {or no) surface activity
on most of these days, so if the water was not clear, this behaviour may not have been observed. In
addition to the fish seething at the floodgates, many thousands more mullet were swimnung and
rolling very slowly along the botrom, a little distance back from the floodgates, few were breaking
the surface at all. At 7.00 am on February 25, after exhibiting the same behaviour agam, a large
school of medium sized mullet began swimming with their noses above the water, alchough not
violently gasping or thrashing ar the surface. This was considered to be very stressed fish
behaviour. In summary, it appeared that when fish were first becoming stressed, most of the surface
activity ceased, and only when the fish became severely stressed did they begin to return to the
surface again. Thus, early indications of stressed behaviour may not be visible on the surface at
times. Following these observations, the floodgates were opened for around 2 hours to release
more than 6000 mullet on February 21# and for another four hours on February 25% to release
more than 3400 mullet.

In an aempt to better define the tolerance limits of these fish, Jim Lane (CALM) and Chris
Webb (WRC Southwest) profiled the DO upstream of the floodgates early on the morning of
February 26t (see section 8.2.2). Unfortunately, this work could not be done unuil after the
floodgates had been opened for over four hours (fully open for only 1.5 hours) the day before,
which seemed to improve conditions for the fish, Observations of the fish behaviour made whilst
the DO profiling was occurring indicated that the fish were no longer stressed, and were displaying
normal, active behaviour for the first time in six days. DO concentrations in the channel upsream
of the floodgates ranged from 2.14mg/L (29.2% saturation) to 3.3 Img/L. (44.7% saturation).
The water temperature ranged from [7.7° - 19.5°C., These levels of DO and temperature were
apparently adequate for the mullet in the estuary.

On one of the days that stressed fish were observed (February 23v4) a recreational fisherman was
fishing from the floodgates. He assisted by atempting to catch one of the mullet on the upstream
side, but only very small black bream would take the bait from between the seething mass of fish.
Three small black bream that were caught all displayed dark red gills, similar ro those observed
during the Vasse fish kill a week earlier. It is interesting to note that, when the seething mass of
fish were observed, it was always the fargest muller (some m excess of 40cm long) that were nosing
hard up against the boards, and smaller muliet that were schooling behind them. Meyer and
Barclay (1990) note that low DO conditions will affect larger fish first.
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10.3 Vasse Estuary Fish Kill -~ 15% Februaty 2000

On the morning of February 15%, 2000, the author arrived at the Vasse floodgates at 6.25am (32
minutes after sunrise — 5.5 '5;1111) to find fish already dying and thousands more fish thrashing at the
surface and throwing their heads above water to gasp at the air. A regular fisherman ac the
floodgaces, Jim Black, was there when I arrived. He noted thar the fish activity had only
commenced less than half an hour before [ arrived, and one hour earlier, there was no visible fish or
bird activicy whatsoever. So, sometime around 6.00am, fish had approached the floodgates,
swimming slowly with their heads above the water at first, obviously gasping at the air. The activity
became louder and more violent, and less than half an hour later, fish were thrashing at the surface,
then floating belly-up, sinking and dying. Thousands and thousands of fish noses were visible
above the water surface, from the floodgates to around 150m upstream.

By 7.10am, fewer fish were thrashing at the surface, and few were jumping above the surface any
more. Many fish could be seen lying on the bottom, still kicking. Shortly after, a light south-
easterly wind (about 5 to 10 knors) began to ripple the surface of the water. The number of fish
gasping at the surface and swimming with their nose above the water gradually reduced, and the
fish moved further away from the floodgares. No further fish deaths appeared to occur after this

stage.

At 800am, the floodgates were opened by the Water Corporation, although rmuller did not
recommence schooling at the floodgates until around 9.30am. The first few mullee began to
emigrate through the floodgates at [0.40am. In the intervening time, a fish kill kit had been
obtained from GeoCatch and samples of the fish, sediment and warter were taken. Dead fish were
observed as far upstream as Ballarar Road.

A complete repore of all observations and actions taken during and following the fish kill event i
incleded i Appendix 1.

In the two weeks leading up to the fish kill, the level of fish activity observed was very high. From
February I# wntil February [0%, hundreds to thousands of mullet were present upstream of the
floodgates, and were extremely active, jumping vigorously and splashing along the length of the
estuary channel. Between February 1%, 12% and 13t%, the level of fish activity gradually declned
each day, until the day prior to the fish kill, when an apparent frenzy of activity was observed.

The fish kill incident was somewhat unexpected, given that the day prior, the fish were extremely
active and apparently healthy. In fact, the previous morning was the greatest level of activity that
had been observed since the commencement of monitoring. Many schools of tiny fish {pinheads)
had been breaking the surface and jumping en masse, resembling a fast spray of water drops across
the water surface. Ar least seven or eight of these ‘sprays’ were visible at any time from the
floodgates to at least 250m upstream. [t appeared as if a very active feeding frenzy was going on,
with small fish bemg predated everywhere. Mullet were regularly jumping from the water along the
length of the exit channel. Water was gently leaking upstream at the time of that inspection. Meyer
and Barclay (1990) note that fow pH {or high levels of ammonia) may cause fish ro become
hyperexcitable, as would be expected when benthic decay 1s occurring and carbon dioxide levels are
high. In hindsight, it appears that this apparently very active behaviour may have been an indication
that that the fish were experiencing very low pH caused by benthic decay. It would appear that, on
occasions, this may be a precursor to DO declining to lethal levels.
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Section 8 describes the physical conditions at the floodgates leading up to the fish kill event. No in
site measurements of physical parameters were made on the moming of the fish kil as all the
available WRC equipment was in Perth for the Swan River algal bloom that occurred at the same

tume.

10.3.1 NUMBERS AND SPECIES OF FISH KILLED

Interestingly, although sea mullet are also present i large numbers upstream of the floodgates,
only yellow-eye nuullet and black bream were killed in substantial numbers. In excess of 366 black
bream and 1097 yellow-eye mullet died. Two small unidentifed gobies, one small unidentified fish
(possibly a juvenile samson fish approx 10cm long), and two very large (in excess of 70cm long!)
sea mullet were also killed. Some (not all) Palaemonetes sp. shrimp also died.

When the fish were bemg laid out for sampling, it was noticed that not all year classes of fish
present in the estuary were affected. Plate 6 shows a representative sample of the size and species
killed that was collected by Jim Lane from an area 5-I0m wide, from the floodgates to around
150m upstream along the south bank. The following sizes were represented: black bream, 63%
were 86 — 135 mm lower jaw-fork length (LJFL), 26% were 165 - 195 mm LJFL, and 6% were
265 — 295 mm [JFL; yellow-eye mullet, 62% were 95 — 145 mm LJFL, 22% were 220 — 260
mm LJFL, and 6% were 275 — 345 mm LJFL. Many of the fish appeared to have burst blood
vessels along the outside of the gill plate and around the viscera. All displayed very red gills,
indicating that the fish were deprived of dissolved oxygen.

10.3.2 FISH PATHOLOGY AND WATER SAMPLE RESULTS

The Animal Health Laboratory of Agricuiture WA undertook a histological examination of two
of the fish specimens submitted (Chadwick, 2000},

The gills of both fish showed evidence of fouling associated with algae and bacterial proliferation,
as would be expected with an algal bloom. There was moderate irritation caused by the fouling.

Both fish were not healthy prior to the bloom. One fish was infested with lLiver flukes, and there
were indications that the fish had been diseased for some time. The second fish showed signs of
ongoing severe chronic bacterial peritonitis, followed by acute gill disease associated with the algal
bloom. The combination of those diseases resulted in full-blown bacterial septicaemia, which led
to death for this fish.

Tt was concluded that: “Overall, the indications are that these deaths represent the weaker members
of the populations of both species succumbing to the additional environmental stress caused by the
algal bloom. There were no indications that the bloom was directly toxic to the fish, or that it
caused disease i any other way other than fouling of gills and possibly oxygen deprivation.”
(Chadwick, 2000).

Only two fish, of approximately eighteen yellow-eye mullet, black bream and gobies submitted,
were examined. From the pathology report, it 1S not clear which species these were.

Other than the fish, only sulphide and phytoplankeon  samples were analysed. Sulphide
concentrations were less than 0.1mg/L, however sulphide is very volatile and concentrations at the
time of collection may have been higher.
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The total phytoplankton density on the morning following the fish kill (February 16, after the
floodgates had been opened for 8 hours the previous day} was 11,649 cells/mL, with blue-green
algae contributing only a minor fraction {Water and Rivers Commission, Phytoplankron Ecology
Unit, unpublished data). The previous week (February 9wy, the total phytoplankton density
exceeded 155,000 cells/mL (blue-green algae — 6,759 celis/mL.). Therefore, the Vasse quarv
experienced a significant algal bloom crash in the week prior to the fish kill, which can rap;dly
deplete DO as benthic decay of the algal bloom occurs (see section 1.2). In addition, the
phytoplankton cell density on February 16% was probably stll high enough to cause diurnal
fluctuations n DO due to photosynthesis and respiration.

Biochemical oxygen demand (BOD), nutrient levels, and physical parameters on the morning of
the fish kil were not determined.

10.3.3 LIKELY CAUSE OF THE DEATHS

The fish kill, which extended from the Vasse floodgates upstream to Ballarat Road, was most
likely due to low dissolved oxygen levels, which occurred during the decay following an algal
bloom crash. As the water clarity had greatly mmproved since the fish release conducted on
February 3+, it is likely that the deoxygenation was caused by benthic decay in conjunction with
night-time respiration of phytoplankron. The Water and Rivers Commission’s phytoplankron data
support this (see section 10.3.2). Respiration by the tens of thousands of fish present early on the
morning of the kill would also have conrributed to the lowering of oxygen levels.

Observations made by Jim Lane (CALM) at 4.15pm the previous afternoon indicate that fish were
already oxygen stressed during the afternoon (sce Appendmx 1) Leakage i of water from
downstream was very rapid during the afternoon, due to the high head of water m the Inlet. This
would have oxygenated the water in the immediate vicinity of the floodgates. As DO levels are
rarely observed to fall below 50% saruration during the day (due to phytoplankton photosynthess
~ often causing supersaturation upstream of the floodgates), w is likely that the rate of benthic
decay, and thus BOD, was extremely high the previous afternoon. The BOD alone may not have
been sufficient to deoxygenate the water to critical levels however, when combined with night-time
respiration of phytoplankton, the DO appears to have declined to critical levels early on the
morning of February 15%,

When critical conditions were reached, there was no wind at all (it was calm), and leakage mto the
estuary from upstream {which also oxygenates the water) had ceased several hours earlier, The fish
deaths occurred in a very short space of time and had ended by the time the floodgates were
opened. Those fish that had not already died appeared to rapidly recover as the sun rose
(photosynthetic oxygenation of the water was occurring), and the breeze freshened (oxygenates the

water). It appeared that critical levels of DO were overcome, and the fish were recovering, before
the floodgates were opened. It is likely that the number of deaths were not reduced by the opening
of the floodgates at 8.00am.

The pathology report indicated that it was the already weak and diseased fish amongst the
population that were killed {Chadwick 2000, sec section 10.3.2). As conditions mn the Vasse
Estuary had been very poor during December and January, with severe algal blooms lasting for
weeks at a time, it is not surprising that many fish were not in a healthy conditon at the time of
the incident. While the algal blooms experienced in the Estuary were not directly toxic to the fish,
they caused gill fouling and increased the susceptibility of the fish to critical low DO conditions.
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Although the monitoring program did not prevent the fish kill from occurring, it did prevent the
possible death of thousands more fish on subsequent mornings by allowing the release of the
survivors. Whilst in excess of 1500 fish died, it was estimated that more than 35,000 mullet were
released during the 8 hours that the floodgate was opened that day. The fish kill incident was well
documented, and this will allow the VETWG to better understand and recognise indications (such
as exceptionally high activity) chat mean a fish kil 1s Iikely in the near future.

11 WATERBIRDS

11.1 Waterbird Species Observed

A Tist of all waterbird species in the various components of the wetland system, identified by the
author during each day’s monitoring, is shown in table 8. The table does not include several species
of waders that were observed but not identified to species level During the course of the
monitoring program, waterbird diversity was highest upstream of the Vasse floodgates (Vasse
Estuary), with a toral of 19 different species recorded (excluding small waders), mcluding three
ducks, two commorants, and several large waders. Five species observed in the Vasse Estuary were
not recorded elsewhere within the study area: hardhead duck Aythya australis, purple swamphen
Porphyrio porphyrio, dusky moorhen Gallimda tenebrosa, crested tern Sterna bergii, and the white-bellied
sca-eagle Haliaeetus lencogaster.

Table 8 Waterbird species identified in the Vasse and Wonnerup Estuaries, and Wonnerup Inlet
from December 1999 to Aprit 2000.

WATERBIRD SCIENTIFIC NAME VASSE WONNERUP WONNERUP
ESTUARY ESTUARY INLET

Black swan Cygiits atratis v N N
Pacific black duck Amas 5rfpfrcifiosa \/ V’ V’
Musk duck Bizinra lobata N N o
Hardhead duck Aythya australis N
Darter Aunbitga melanogaster Y N v
Lirtle piec] COPMOrant Phalacrocorasx melanolencos \} N \/
Litde black cormorant Phalacrororax sulcirostris N N N
Pied cormorant Phalacrocorax varius N N
Australian pelican Pelecamus conspicillatus N N N
Nankeen night heron Nycticorax caledonicns N N N
White-faced heron Foretta novachollandiar vV V N
Great egret Ardea alba v ~ v
Little egret Fpretta garzenia N
Eastern reef egret Lpretia sarra N
Australian white ibis Threskiornis molwica v v N
Yellow-billed spoonbilf Platalea flavipes N v N
Sitver gull Larus novachollandiae ) N ~
Pied oystercatcher Haematopus lowpirostris N
Purple swamphen DPorphyria porphyrio N
Dusky moorhen Guallinula terebrosa N
Caspian tern Sterna caspia N N
Crested tern Sterna bergii +
White-bellied sea eagle Haliacetus lencogasier Y

TOTAL 23 19 14 18
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Fourteen species of waterbirds were observed upstream of the Wonnerup floodgates (Wonnerup
Estuary), icluding two ducks, three cormorants, and several heron-types. A large number of
waders (stilt, avocet and smaller species) were observed in Wonnerap Estuary and, although these
were not counted or identified, it is important to note that they were not present in such numbers
elsewhere i the study area, although small numbers were recorded in Wonnerup Inlet. No waders
were observed at the Vasse floodgates.

A total of 18 waterbird species were identified in Wonnerup Inlet (downstream of both sets of
floodgates). These included two ducks, three cormorants, and a greater diversity of heron-types
than was observed elsewhere. Three species recorded m Wonnerup Inlet (downstream of the
Wonnerup floodgates} were not recorded elsewhere: little egret Fpretta garzetta, eastern reef egret
Igretta sacra, and pied oystercarcher Haematopus longirostrs.

11.2 Warerbird Abundance

11.2.1 WVASSE FLOODGATES

A chart of the total abundance of waterbirds, with breakdown by the main groups, upstream of the
Vasse floodgates 1s shown m figure 23. For most of the duration of the monitoring program
between five to fifteen waterbirds were regulatly recorded upstream of the floodgates. The most
commonly observed birds throughout the monitoring program were lictle black and little pred
cormorants, followed by pacific black ducks and musk ducks. Small rumbers of white-faced heron,
great egret, Australian white ibis and yellow-billed spoonbill were also regularly observed.

In the weck prior to the fish kill, 20-30 waterbirds were observed on 3 days. Both Australian
pelicans and cormorants increased i numbers. On the morning of the fish kill (February 15%,
2000), and the following morning, waterbird numbers ncreased significantly, with pelicans and
silver gulls the most numerous birds present.

A chart of the total abundance of waterbirds, with breakdown by the mam groups, downstream of
the Vasse floodgates is shown in figare 24. Downstream of the Vasse floodgates, few waterbirds
were observed. For the duration of monitoring, less than 4 birds were observed on almost every
occasion, and no more than 10 were observed together at all. Most of the birds observed on the
downstream side of the Vasse floodgates were roosting on the old bridge several metres
downstream of the floodgates.

11.2.2 WONNERUP FLOODGATES

A chact of the rotal abundance of waterbirds, with breakdown by the main groups, upstream of the
Wonnerup floodgates is shown i figure 25. Waterbirds were considerably more abundant m the
Wonnerup Estuary than m the Vasse, with large numbers (in excess of 200) cormorants, pelicans,
silver gulls and large waders observed on several occasions.

It is interesting to note that, as occurred during the Vasse fish kil (February 15, 2000), when
stressed fish were observed in Wonnerup Estuary between February 21+ to 25%, there was a
significant increase m the abundance of sdver gulls, which were rarcly observed at other times.
Although numbers of cormorants and pelicans also increased when stressed fish were observed,
silver gulls only appeared in large numbers during these events, whereas large numbers of
cormorants and pelicans were observed at other times also.
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A chart of the total abundance of waterbirds, with breakdown by the mam groups, downstream of
the Wonnerup floodgates is shown in figure 26. Few waterbirds were observed downstream of the
Wonnerup floodgates, except on one occasion (February 26th, 2000} when large numbers moved
downstream after they were disturbed by Jim Lane and Chris Webb who were DO profding
upstream of the floodgates, On most other occasions, a variety of ducks, comnorants and heron-
types were observed in low numbers.

12 MANAGEMENT ACTIONS TAKEN

In December 1999, at a meeting of the Vasse Estuary Technical Working Group it was decided
that during summer-autumn of {999 /2000 consideration would be given to opening the Vasse or
Wonnerup estuary floodgates if one or more of the following occusred:

o fish upstream were showing signs of stress (e.g. “gasping” with noses above the surface);

« the Water & Rivers Commission water quality monitoring program indicated that DO on
the upstream side of the gates had declined to near-crivical levels (or, m the absence of
dara, visual monitoring indicated a severe decline in water quality)

« medium to large sized fish were schooling in large numbers (several thousands or more)
ummediately upstream of the gates, particularly if they were swimming hard up agamst the
floodgates and attempting to pass through the structure.

In practice, the floodgates were opened on reatively few (compared with 1998-99) occasions
(table 9). This was because of concern about the structural mtegriry of the Wonnemup estuary
floodgates (a large structural member came adrift during the opeming of 21 February and
hampered closure) and a desire not to “over-manage” the fish death problem (J. Lane, pers.
comn, ).
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Table 9. Sunumary of management actions taken at both floodgates during the coutse of the
MOIMTOrMg Progrant

DATE

VASSE FLOODGATES

WONNERUP FLOODGATES

16/12/99

Floodgates open o outflow only, no seawater
inflow, all stopbeards in place.

From the south end of the foodgate,
stopboards were missing in bays 1,3 and 9.

22/12/99

Floodgates repaired, al! stopboards in place.

3/02/00

Floodgate opened for 4.5 hours (11.42am —
4.12pm) — in excess of 1900 muller released.
The reverse flap valve was opened and
remained open for the remainder of the
monitoring period {except for two cocasions
where it accidentally closed).

Floodgate opened for less shan 2.5 hourss
(12.20pm ~ 2.45pm) — no movement of fish.

15/02/00

Fish kill incident — inx excess of 1500 fish died —
floodgates were opened for 8 hours (8.00am
~ 4.05pm) — in excess of 35,000 muller were
released

16/02/00

The lower sill of the reverse flap (through which
the fish escape) was found to belem above the
water level in the estuary, so the entire reverse
flap valve assembly was lowered by two
stopboards (around 30um) o facilivate further
fish releases.

21/2/00

Floodgates were opened for 1.5 hours (8.55am
— 10.25am} ~ more than 6000 maller were
released. Difficulties arose when attempis were
made to close the floodgates ar 10.25am, and
they remained partially open for a further 2.5
hoars (zmal around 1.00pm), when Water
Caorporation technicians closed the floodgates.

25/2/00

Floodgates were opened from 94%m -
10.55am, than 3400 mullet were
released

more
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13 RECOLLECTIONS OF FIVE LOCAL FISHERMEN ON THE USE OF THE
WETLAND SYSTEM BY FISH

Prior to the preparation of this report, little had been documented about the wider use of the
wetland system by fish. The VETWG reviewed the his‘tory of mass fish deaths in the system and
the factors that cause them (Lane et al. 1997), however the information on daily and seasonal
movement of fish within the system was scant. In a preliminary attempt ro identify new
mformation about the ecology of fish within the estuary, five Iocal people (recreational fishermen,
commercial fishermen and elders of the local Aboriginal community) who possess considerable
historical knowledge of the movement of fish within the estuary were personally mterviewed,
Notes were taken during each interview (interviews were not recorded). Each person rechecked the
drafts of their mterviews for accuracy at least twice and all of their comments and requests were
included. Therefore, the interviews reflect the stories each person wished to tell about their
experience and knowledge of fish within the system. Unfortunately, due to illness, Mr QOldfield was
unable to recheck his interview personally however his wife rechecked the draft and thought that
the information was correct to the best of her knowledge. Finally, the stories have been summarised
to provide an insight mnto the wider use of the estuary by the major fish species (yellow-eye mullet,
sea muller and black bream).

13.1 Recollections of Mr Alf Reynolds

11 Finlayson St
Dunsborough WA 6231

Interviews: March 23+ and 27%, 2000

Mr Reynolds was born in 1922 at the Reynolds family farm “The Island’, which was
approximately 520 acres along the NW shore of Wonnerup Estuary (between the estuary and the
Deadwater). The Reynolds mostly grew oaten hay for race horses and cattle that were run on the
property. The old farmhouse was adjacent to the Wonnerup floodgates and Forrest Beach Road
bridge, which was known is those days as Tom's bridge, afrer Mr Reynolds father. Mr Reynolds
lived and worked continuously on the Island, excepr for a short spell at Lockeville, until 1970
when he moved to Dunsborough.

Mr Reynolds fished occasionally over the years, although he was generally busy working and too
tired to fish after 9 or 10 hours a day in the saddle. FHe was a keen naruralist and wildlife warden
for over 30 years (to police out-of season duck shooting), and this led him to make many
observations about the Vasse-Wonnerup Estuary, Wonnerup Inlet and the Deadwater over the
years. Most of the fishing Mr Reynolds did do was from his dinghy, in the Deadwater or
Geographe Bay. What follows is Mr Reynolds recollections of the estuary and its life. Some of
these memories are from many years ago, and are correct to the best of his memory.

The only fish in the estuaries were flac-nosed mullet (sea mullet), yellow-eye muller and black
bream. The Forrest family, who owned the farm to the north of the Island, used to net the upper
Wonnerup Estuary regularly. They almost always ser their net near the mouth of the Ludlow
River. Their catch was mostly composed of flar-nosed mullet, with the occasional yellow-eye
mutllet, although the flat-nosed muller were far more common. Mr Reynolds didn’t recall bream
being i the catches. The Vasse Estuary channel near Ballarat Road was the only place that bream
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were numerous (in the Estuary upstream of the floodgates), and along there is where the fishermen
always caught them. On the whole, there were more fish in the Vasse Esteary than in Wonnerup

Estuary.

Mr Reynolds never saw fish going in to the estuary through the floodgates when they opened
during winter as the water was always too turbid and muddy. He assumed that was when they
swam in. During spring, large numbers of mullet and bream would appear on the downstream side
of Wonnerup floodgates. They would school in numbers at the floodgates and under the bridge,
and appeared as if they wanted to swim upstream. They were often feeding. He thought that they
would come up to the floodgates when there was water leaking and flowing out from apstream to
feed on the algac and other food coming out. In spring, [arge numbers of bream would come in
under Tom’s bridge to feed on the tubeworms, which Mr Reynolds distinctly recalled were not
present in the estuary or inlet during his childhood (the 1920’ and early 193(s).

Mr Reynolds only saw mullet jumping and splashing at the surface during the summertime, never
in winter. He used to see the mullet school in large numbers above the Wonnerup floodgates
during very hot weather when the fish were stressed and he did not notice them at other times. He
thought that the fish were dispersed widely within the estuary at some times of the year (when he
did not see them) and that they would school at other times. He thought that the fish moved
fusther downstream and into the channels as the estuary dried up each year. The fish only ever died
after hot spells.

The PWD drag-line dredged the Wonnerup Estuary channel sometime during the late F950's or
early 1960’s (Mr Reynolds could not recall the exact year). The channel just upstreamn of the
floodgates was dredged to increase the flood flow. The dredged material was piled alongside the
main channel to form a levee, as very high tides had breached the land immediately to the east of
the floodgates {from the deadwater mouth to the backwater on the upstream side) on several
occasions i the past.

Ilmenite Pry. Ltd. undertook dredging for ilmenite along some sections of the Deadwater during
the 1950's. One section of the Deadwater that was dredged created a pool of about IS foot depth
which was rapidly colonised by King George whiting to the delight of many of the critics of the

dredging.

During about five out of every six summers, Wonnerup Inlet mouth closed naturally with sand.
Sometimes the bar would naturally open itself during the course of the summer when very high
tides breached the low sand bar, otherwise it would be opened by hand when the first rains came,
usually around April. Some years the bar would be low enough for the first real flood flow ro
breach it, but if that did not occur, Mr Reynolds, with the assistance of several of hus neighbours,
would dig the bar when water levels m the estuary began to rise. Their policy was to let nature take
its course where possible, and only open the bar when needed.

Every winter the mouth of Wonnerup Inlet used to block with seagrass and algal wrack. The
outflowing water was never strong enough to move the wrack on and eventually, when the highest
tides came, the wrack would breach inwards, and great quantities were washed into the inlet. The
wrack often blocked off the Deadwater and the Wonnerup Estuary channel completely, and only
the Vasse Estuary channel flow was great enough to cause a small channel to form around the huge
wrack that built up along the northeast shores of the Inlet. At times, the wrack would completely
block the lower Wonnerup Infet channel, and cause water levels to rise the estuary. When this
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happened, Mr Reynolds and his neighbours would get hay forks (pitchforks) and try to dig the
channel open.

The success of the operation {and also opening the sand bar in summer} was entirely dependent on
the tides and prevailing winds. Onshore winds would catise masses of seagrass to be washed inshore
and into the Inlet. To remove the wrack, there had to be low tides and offshore breezes. On one
occasion in 1971, the Island’s paddocks flooded because the Inlet channel had completely blocked
with seagrass wrack which could not be moved on despite all attemprs because onshore winds
prevailed for several weeks. The amount of maintenance that the Inlet mouth needed varied from
year to year, in some years requiring work two or three times each month, and in other years none

at all.

Sometime during the I1950's, the Deadwater channel was blocked by wrack for many weeks and a
large number of fish died subsequently. Fish were killed along the entire length of the Deadwater,
but Mr Reynolds could not recall many other details about the event.

Mr Reynolds remembered that there used to be much more seagrass wrack along the coast than
there is these days. In the early 1940, the wrack used to be continuous from Dunsborough to
Bunbury. He believes that the amount of seagrass washed ashore each year declined heavily around
the time that farmers commenced large-scale use of herbicides such as 2,4-D and 2,4-1D Estone 80,
during the casly [950's.

Mr Reynolds described the extent of flooding caused by Cyclone Alby in April 1978 when
scawater breached the dunes upstream of the Vasse floodgates near the old boat ramp. The storm
surge caused seawater to flow over the lowest part of the foredunes, around the location of a
former mouth to the Vasse Estuary that was present (in addition to the present Wonnerup Inlet
mouth), in 1829 [described by Lt. Preston and Dr. Collie — see Appendix I of Lane et ol 1 9971,
The following day there were great pools of water i the carpark and along the base of the dunes
opposite the Vasse floodgates thar were filled with many large bream. There were lots of people
fishing for big bream in the boat ramp carpark. The rising seawater damaged the Wonnerup
Estuary floodgates, and flowed around the structure on the east side. Old Tom’s bridge and part of
the road was also washed away. The Vasse Estuary water level remained high for a week afterwards
because the secawater had breached the dunes but not damaged the floodgates, so the floodgates
slowed the drainage of the floodwaters afterwards. Unlike the Vasse, the Wonnerup Estuary water
levels subsided quickly the next day because the floodgates were damaged and the bridge washed

away.

Mr Reynolds believes the best solution to both the fish deach and flooding problems is to
construct a system of levees between the farmland and the estuary shores that exclude estuarine
water from the farmland. The farmland could be dramed into the estuary via a series of concrete
culverts through the levee walls, and then the floodgates could be removed completely, allowing the
system to return to a completely estuarine state. Mr Reynolds suggests that islands be created and
vegetated to provide aesthetically pleasing waterbird habitat.

Mr Reynolds suggested that Perer and Mabel Bell, longtime Wonnerup residents, may also be able

to provide information on the use of the estuary by fish. Mr Bell worked for many years on the
Deadwater dredging, and both are keen wildlife carers who know the system well.
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13.2 Recollections of Mr and Mss George and Vilma Webb

33 Moylan Way
East Busselton WA 62380

Interview: April 3+, 2000

George and Vilma Webb are respected Wardandi Nyungar elders who have lived for over 60 years
in the Busselton area. They founded the Bibbalmun Mia Aboriginal Corporation and  the
Wardandi Culrural Centre 1990. Mr Webb is a direct descendent of Sam Isaacs, the local
Nyungar man famous for his rescue efforts with Grace Bussell when the Georgette sank off
Calgardup in 1876, Mr Webb was born in Bunbury on May 3 1930. He attended school at
Roelands and then recurned to Busselton, where he has lived ever since. Mr Webb worked for 16
years (1966-1982) for the Public Works Department, maintaining the drainage network from
Vasse-Wonnerup to Dunsborough during which time he made many observations about fish
activity in all of the drains of the area. Mr Webb also worked for 18 years as a professional
fisherman on net, line and longline boats working the waters from Augusta to Busselton, catching
everything from mullet to salmon and groper. Mrs Webb was born in Northam on January 23+,
1932 and came to Busselton ar seven years of age. She camped and lived along the coast for many
years and has regularly fished all of the waters from Dunsborough to Busselton for more than sixty
years. Both Mr and Mrs Webb have a very good knowledge of the movement of fish within the
waters of the Busselton — Cape Naturaliste region, including the changes that have occurred over
many decades.

Mrs Webb said that over the years, they always fished i either the Wonnerup River (Vasse
Estuary Channel), upstream and downstream of the floodgates, in Wonnerup [nlet, and in the
Deadwater. Mrs Webb recalled that, upstream of the floodgates along the estuary chanpel they
caught mullet (sea nullet), pilch (yellow-eye mullet) and bream (black bream). In the Inlet and the
Deadwater they caughe all sorts of fish, including sand whiting, King George whiting, tailot, bream
(black bream), cobbler, flounder, and large kingies (mulloway). Mr Webb never professionally
netted in the estuary or the Inlet as those waters were always closed to professional fishermen m
the days when he fished for a living.

Mrs Webb's great grandmother lived and camped around Wonnerup and told her many stories
about the place when she was a young gisl. The Nyungars used to fish with kylies (like a
boomerang to throw at fish) in all the shallows of the estuary. They caught muller, whiting, and
cobbler. There were also mussels, marron, turtles and frogs in the lower reaches of the rvers and
fresh parts of the estuary. Along where Layman Road is now, there used to be a large mound of
land that separated the estuary from the sea, and that is where they would bury their dead. in
amongst all the reeds and sedges along that mound, the swans and ducks used to nest and breed.
There was a place across the Vasse Estuary that they would walk across from the Ludlow Forest to
go fishing and collect the swan and duck eggs. They would only ever take one egg from each nest
50 as not to disturb the birds breeding,

Mr Webb believed that large numbers of mullet and pilch would migrate upstream to spawn,
although he could not recall at exactly what time of year that happened in the estuary here. Mr
Webb knew that mullet, pilch and bream move far upstream mnto the drains and the rivers that
feed the estvary during winter when the rivers begin their winter freshwater flows. They move
upstream to feed on algae and other things in the water. Mr Webb recalled that ac the cight-nile
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drain (the Carbunup River Diversion Drain), ‘stacks and stacks’ of pilch would come right up the
dram and congregate below the weir where they would feed. He satd that they would go and fish
there regularly, once every two or three weeks, and the pilch would be there agamn and again for a
couple of months, and then one day they would just be gone. My Webb did not know what made
the mullet leave the rivers {or the drains). Mr Webb siid that mullet and pilch will tolerate very
shallow water, as shallow as they can physically swim through. The rivers (drains) were always
deeper than that, and water was still flowing over the weir when the pilch went back to sea.

Mr Webb thought that the tide was what made the muilet and pilch move on a daily basis. On the
flooding tide, mullet will move as far upstream as they can. When the ride tarns and ebbs out, the
mullet will move back downstream again. Mr Webb recalled how the Nyungars would use the ude
to help trap fish along the rivers (estuary and Deadwater channels) when he was young. They
would get the Devil's Web, which is a thick native creeper that grows high up in the paperbark
trees, and put it across a shallow part of the river in a thick mat, densely packed from the botrom
to the water surface to form a long net or trap. They would build the trap right across the river
each day when the tide had come in and the fish had moved up the river. When the trap was made,
some of the people would go on upstream and scare the schools of fish back down the river and
mto the trap of Devil's Web where the others waiting would collect the strugghing fish. Sometimes
they would just kylie the fish when they moved into the shallows during the high tide.

Mr Webb recalled that he had seen fish moving through the Vasse floodgates when he has been
fishing from them. Although he could not remember what time of year it was, the floodgates were
open due to the pressure of floodwarters flowing out of the estuary. He said that he saw them go
through one or two at a time, then a dozen would dart through, moving upstream, for two or three
hours. Then when the tide changed, the fish began to move back downstream. When the
floodgates are not opened by floodwater flows, they form an impediment to the regular, daily
movement of mullet and this is one of the reasons why Mr Webb believes that the floodgates

should be removed altogether.

Mrs Webb believes that the floodgates no longer open as freely as they used to when there is more
water on the upstream side, and so there is now less opportunity for the fish to escape. She believes
that the fish school in great numbers upstream of the floodgates when the water quality
deteriorates, as they will try to seek “fresher” water (the salr water of the Inlet). When the fish die
in the estuary channel, even though condiuions further upstream appear to be not as bad, Mrs
Webb believes they do not swim away upstream because they will always try to return to the sea,
where they have traditionally come from. The Nyungars believe that this 15 also trae for dolphins
and whales, which is why these marnmals, which have evolved from Jand animals, will try to strand
on the seashore when they die. When the warer quality detetiorates m the estuary, the fish will
congregate in great numbers when they reach the floodgates as they will always try to reach the sea
and escape the estuary altogether.

Mrs Webb described how the sediments changed as the water quality deteriorated in the estuary
every year. She said that the sediments appeared to go a dark purply grey colour, and would go all
slimy. As 1t gets hotter, the crusty dark stuff comes off the bottom and floats up to the surface.
Mrs Webb said that that was when you knew thart che fish deaths were not far off. When they go
fishing in the Wonnerup River (Vasse Estuary channel} during the summer, they look at the fish’s
gills to see if they are alright to ear. When the sediments start to go bad and tum that purple
colour, the gills of the fish go a blackish dark colour. When they catch fish thar look like that they
know not to fish there any more and they don’t go back there for a couple of months.
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Mrs Webb knew that at times, large numbers of muller and pilch move upstream to spawn mn the
estuary, although she was not sure of exactly when that happened. They would spawn in the
estuary on any of the sandy areas. She believes that the sandy areas of the Deadwater are an
Iportant spawning area for many fish species, mcluding whiting and King George Whiring.

Both Mr and Mrs Webb had witnessed fish deaths in the local area. Around 50 years ago, Mr
Webb had seen fish dying in the nine mile drain {Anniebrook drain) on three or four occasions. It
was always after a hot spell and they would be kicking, thrashing and gasping at the surface before
going belly-up and dying. He didn't recall what the water looked like, but mentioned that the
mouth of the drain always became blocked with seagrass and algal wrack in winter.

A few years ago, Mrs Webb saw fish dying in the Vasse Estuary channel, along the Captain Baudin
Reserve. It was very shallow all the way across the channel there, and she said that she could see the
bortom, and the sediment was that purple black colour. She said that fish, mullet and bream, were
thrashing and kicking, then just going belly-up and dying. She did not go and look at the extent of
the kill, and did not go back there to fish for a while either.

Mrs Webb has also witnessed a fish kill in the ten mile drain (Station Gully} around 1993, She
said thar the mouth had closed and the water was very green and smelly with scum all over the
surface. Mullet, pilch, yellowtail, and bream were all dying. Mrs Webb and her sister Frances
attempted to dig the bar by hand that day.

Both Mr and Mrs Webb feel that the only solution to the fish death problem is to remove the
floodgates altogether and return the system to its estuarine condition. They said that waterbirds
traditionally bred in great numbers around the estuary and would do so if the fringing vegetation
returned. The floodgates form an impediment to the movement of the fish, which is not good. The
water quality i the estuary is so bad that complete flushing and a return to ridal conditions would
be best for the health of the estuary and irs animals.

Mr and Mrs Webb both suggested that Peter and Mabel Bell are very knowledgeable on the
ecology of the estuary. They lived for many years in the Wonnerup townisite, and Mr Bell worked
as a caretaker for the lmenite mine in the Deadwater. They also camped for some time av the old
Ballarat Road bridge campsite.

13.3 Recollections of Mr Fred Oldfield

5b Talga Court
Busselron WA 6281

Interview: March 24%, 2000,

Mr Oldfield was born in England on the 12% of February 1918. He came to Busselton with his
family in 1922, He lived for many years at Yalyallup, between Yoongarillup and Wonnerup and
worked on nearly all of the farms surrounding the estuaries at different times over the years, For
most of his life, Mr Oldfield worked as a professional fisherman, netting mullet, herring and railor
mshore from Quindalup to the Capel River mouth each day, He moored his net boar in
Wonnerup Inlet from 1945 unel 1995 My Oldtield assisted CSIRO fishery scientists with
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research m Geographe Bay on several occasions in the past, including a study on the spawning of
herring in the 19507,

During most of the years Mr Oldfield was a fisherman, the entire Vasse-Wonnerup Estuary and
Wonnerup Inlet was closed to net fishing. He said that if you were caught fishing in any of those
areas, your boat and all your gear was confiscated, so he never netted anywhere within the estuary
or the Inlet waters. He often used to line fish in the Deadwater, and there were many King George
whiting, sand whiting, skipjack trevally and bream in there. In the estuaries there were only mullet,
bream and yelloweye, and they used to school in thousands up behind the old butter factory, which
was a very popular recreational fishing spot.

Mr Oldfield believes there used to be many more fish in the estuary than now. He recalls that the
mullet used to often school upstream of the Vasse floodgates in such large numbers that they
could drop bricks from the floodgates to kill mullet for bait when they wanted to catch bream.

Mr Oldfield believed that both sea mullet and yelloweye mullet entered the Inlet to spawn. He
often saw large schools of them wairing i the shallows outside of the Inlet mouth for the tide to
rise and put enough water in the channel for them to enter the estuary, as the adule muller don’t
like the shallow water. Mr Oldfield thought that sea mullet travelled into the estuary to spawn
twice yearly, in December and February, whereas yelloweye came in to spawn around April. Mr
Oldfield thought that adule mullet, those longer than about ten to twelve inches, would find the
estuary too shallow and they would always try to leave the estuary to go to sea once they had
spawned.

Daring winter, Mr Oldtield recalled that the sea muallet would migrate from the estuary up into the
lower reaches of the rivers that entered the estuary when they began to flow. He thought that they
travelled about five or six mile up the Sabina River, and recalled that there was a large, deep pool
(9 or 10 foot deep) near the mouth of the Abba River on the old Layman’s property that was
‘chocka block” with mullet during the winter months, Mr Oldfield thought that there were few fish
left in the main estuary bodies or the estuary channels during winter, and that they only entered the
estuaries again as the river flows subsided in spring.

Mr Oldfield remembered that he frequently saw fish with their noses out of the water upstream of
the Vasse Floodgates during summer when the weather was hot. It was always in the afternoons on
hot days that he saw them like that, not in the mormings. Although Mr Oldfield never witnessed a
fish death incident in the estuary, he knew that they always happened after a hot spell.

Mr Oldfield recalled that, during the 1950’s and 1960's, to reduce the incidence of fish deaths,
fisheries officers from Bunbury used to conduct fish releases over the sumumer period. Jim and Jack
Goodlad (both deceased) were the officers who used to inspect the Vasse tloodgates every second
day when the weather was hot and fish deaths likely. If they felt i was necessary to release fish,
they would wedge one the floodgates open a small amount on the rismg tide to allow water to
trickle in upstream. The oxygenated salt water would cause the mullet to school in large numbers
upstream of the floodgates, When the tide had turned and was flowing out, one floodgate would
be thrown open so that the fish could escape into the Inler.

In the 1960’s the ban on professional netting in the estuary was lifted and a few professionals
would camp at the old Ballarat Road Bridge [at the Vasse floodgates] and net the mullet in the
channel when they schooled in large numbers to remove them before they died.

St



Monitoring of fish behaviour int the lower ceaches of the Vasse ~ Wonnerup Weddands during the summer of 1999/2000

Mr Oldfield recalled that, sometime during the 1950’s, there was a mass deach of mulies {Sardinops
neopilchardus) on the west coast here. He said that all the mulies from Cape Naruraliste to Fremantle
died but no one took any notice because no one fished for them in those days. Fishermen only
commenced using mulies as bait during the 1970's.

13.4 Recollections of Mr Emanuel Soulos

48 Austral Parade
Bunbury WA 6230
Ph: 9721 24085

Interview: April 8%, 2000.

Mr Soulos was born in Bunbury in 1926, the son of a local net fisherman. He began fishing with
his father almost as soon as he could walk and, although he attended primary school, he spent most
of his time outside of school (including late nights) fishing. When he was a young boy. he used to
camp with his father on the banks of the Vasse Estuary. They would set their nets throughout the
estuary, but they often fished right up near the old butter factory, and even up behind the Council
Chambers in the Vasse River. Mr Soulos has fished for almost all his life in the Leschenaualt Inlet,
the Vasse-Wonnerup Estuaries and nearshore Geographe Bay. He gave fishing away to work on a
dredge for 18 months once, but soon returned to fishing as he missed the lifestyle so much, Mr
Soulos still regularly nets both the Vasse and Wonnerup estuaries (upstream of the floodgates),
although he never fished in either the Deadwater or Wonnerup Inler as they were always closed to
professional fishermen.

Over the vears, Mr Soulos has caught mostly mullet {sca muller), yellow-eye mullet, and black
bream in the Vasse Estuary, with small numbers of yellow-fm whiting, juvenile mulloway, salmon
trout (juvenile Australian salmon), and blue-manna crabs. Mr Soulos recalls that, as a young boy,
he and his father used to catch lots of King George whiting in the Vasse Estuary up near the old
butter factory, but he hasn't caught any i the estuary for many years now. In Wonnerup Estuary,
Mt Soulos mostly catches mullet (sea mullet), with small numbers of yellow-eye mullet and a few
black bream. Mr Soulos believes that black bream are far more numerous in the Vasse Estuary than
in Wonnerup Estuary, although Wonnerup Inler and the Deadwater are far more important for
bream than either estuary. The numbers of straggler, or opportunistic { 1sh (fish other than mullet,

vellow-eye mullet and bream), that use the estuaries are higher in the Vasse, which has always had a
greater variety of fish. Mr Soulos has also noticed that the Vasse Estuary contams large numbers of
small shrimp [probably palaemonid shrimp].

Mr Soulos regularly fishes in the estuaries, usually twice a week, for at least nine months of the
year. In 1999, he fished for almost the full twelve months, although he rarely fishes during the
height of summer, when the days are hot and the water quality gets very bad, as the fish are of poor
quality and fetch a very low price. He will only bother o net the estuary in hot weather when the
mullet are very easy to carch, when they are stressed and they school in great numbers just
upstream of the floodgates.

In winter, Mr Soulos fishes in both of the main estuary bodies, although he concentrates his effort
on the Vasse. In the past, he used to fish much further upstream i the Vasse Estuary than he does
now, setting nets right up behind the old butter factory. These days he tends to only fish as far up
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the estunary body as the first fence lines. In summer, when the maim estuary bodies get too hot and
the fish move mro the channels, Mr Soulos begins fishing the estuary channels. In the Vasse
Estuary, he fishes from the floodgates up to the big houses just past Ballarat Road. In Wonnerup
Estuary, he sets his nets anywhere from the floodgates to as far upstream as he can go (abour 500
m), but there are fences that prevent him from gomg further.

At the start of the season, after the first winter floods, Mr Soulos fishes with large mesh net, of 3”
to 3 %" mesh {scretched) to catch the largest mullet first, As the season goes on, he moves down to
2 %” mesh, which is the smallest mesh size he is aflowed to use. In the wide part of the estuary, he
usually sets two or three nets with each net set from the surface of the water to the bottom (the
nets are 3 or 4 foot deep), for a length of 250 metres, He soaks the nets (which are tended at all
rimes in the water) for variable amounts of time, and he pulls the nets when he thinks he has
enough fish. These days, he usually sets his nets in the afrernoons.

Mr Soulos takes his biggest catches during winter, when the river flows are greatest. His biggest
catch i one day in the Vasse was 80 boxes (average weight of 23 kg), which equates 1o a catch of
1840 kg of mullet. His best season was a year of big floods. Mr Soulos estimates that he would
sometimes {not always} take between I0 and 20 boxes of mullet each fishing trip (25 on a good
night), which equates to between 230 and 460 kg a night. On average, Mr Soulos has caught a
total of about 15 tonnes a season, from both estuaries combimed (based on 9 months fishing). Mr
Soulos commented that the Vasse Estuary is extremely productive, and always continues to
produce more and more fish. Mr Soulos knows 4 other professional fishermen who also regularly
net the system through the winter, so the total muliet catch in both estuaries may be around 15 to

20 tonnes each year.

Mz Soulos estimates that sea mullet comprise about 90% of his total catch in the estuaries, with
yellow-eye mullet making up another 8%. He carches very few black bream (2% or less) because
he doesn’t target them, as black bream require different nets and different ways of fishing. Mr
Soulos believes that black bream are a fish sought after by recreational fishermen, so he prefers to
leave them for the amateurs, so as not to create any animosity between the professional and
recreational fishermen. Stragglers such as yellowtin whiting are also uncommon m the catch
because of the types of net and mesh size used.

The mullet that Mr Soulos catches is marketed both locally (Bunbury) and in Perth. During
winter, prices are best and some of the fish are sold for human consumption. About 50% of the
catch is sold as angling bait. When the quality of the fish is low, 1t is sold for crayfish bait. The
markets for mullet are fairly variable, and Mr Soulos explamned how sometimes he could sell much
more than he could catch, and sometimes, there is no room for more fish at all. Last year, he
couldn’t sell all the mullet he caught, and now this year, they want mullet and don't want herring,
just when herring are really plentiful off the coast.

Mt Soulos believes thar the first freshwater runoff into the estuaries each year causes large numbers
of mullet (both sea mullet and yelloweye) to migrate upstream into the estuaries from the sea. As
soon as there is some freshwater coming in from the rivers, they begin to move upstream. During
the winter flows, Mr Soulos gets his biggest catches, and they are always ‘clean’ fish. Mr Soulos
explained that it is casy to tell the difference between mallet that have been in the estuary for a
while (their body is slimy and they are full of mud), and those which have just come in from the
sea (‘clean’ fish which have little food and no mud in them). Mr Soulos has observed that he
carches ‘clean’ fish at all times of the year in the estuary (including summer). Mr Soulos believes
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that both sea muallet and yelloweye regularly recruit to both estuaries from Geographe Bay,
particularly from late January to April, when there 15 a northward run of both species along this
coast.

Mr Soulos thought that the mullet moved out of the mam estuary bodies and into the estuary
channels during summer, when the shallows of the mamn estuary bodies became too hot. Mr Soulos
said that even large muller will swim m very shallow water so, it is not the decreasing depth of
water i the main estuary that drives them into the channels. Mr Soulos believes that the mullet do
not tolerate the warm water well.

Mr Soulos thought that the incoming tde caused mullet to schoof in great numbers upstream of
the floodgates. When the tide is high in Wonnerup Inlet, and the water level rises above that in the
estuary, seawater leaks into the estuary through the floodgates. It is the leakage of seawater that
makes the mullet school there, as they are seeking the cooler and cleaner oceanic water.

Mr Soulos recalled that he had never caught any sea muller with spawn or roe in therm in either
estuary. Even in Geographe Bay, he very rarely caught them with any roe. Mr Soulos commented
that maullet roe is worth more than the mullet, if you can get it. Mr Soulos thought that sea mullet
nugrated northward along this coast to spawn further nosth, maybe around Shark Bay. Mr Soulos
often caught yellow-eye with spawn in them, and he thought that they may spawn i etther the
estuary or along this coast for most of the year.

Over the years, Mr Soulos has seen at least a dozen fish kills in the estuary. He said that they
always happened in summer, from january onwards, on hot days when the water had been green.
He thought that the water usually got too hor for them, that it’s the heat that kills them. Mr
Soulos recalled that, many years ago, the mouth of Wonnerup Inlet blocked and many fish died.
He said that, years ago when estuary mouths blocked over the summer, it was a conunon thing for
the water to heat up and all the fish to die.

About two or three years ago, Mr Soulos saw many fish, including whiting, cobbler, bream,
kingfish (mulloway), and yellow-eye mullet, dying at the far northermn end of the Deadwater. Mr
Soulos recalled that the water was crystal clear, and that it had rained very heavily the night before.

Mr Soulos recalled thar the tubeworms now common in both estuaries, but more numerous in the
Vasse, were not there 20 years ago. Mr Soulos has also observed that the numbers of waterbirds on
the estuaries has noticeably increased over the last ten years. He has noted that the Wonnerup
Estuary is used by more birds than the Vasse Estuary, although musk duck are more numerons m
the Vasse Estuary.

Mt Soulos, reflecting on a lifetime of fishing in the estuary, commented that the Vasse-Wonnerup
Estuary was a beautiful expanse of water that had given him much of his income over the years,
and allowed him and his family to survive. It 1s a big part of his life.

13.5 Summary

All of those interviewed suggested that both Wonnerup Inlet and the Deadwater were far more
important to recreational fishermen than either of the mam estuary lagoons, although the lower
Vasse Estuary channel (particularly from the floodgates to around Ballarat Road) is regulasly used
by recreational fishermen to target black bream. The floodgaces are also considered mmportant to
recreational fishers, who regularly fish on both sides of them. Other areas of the estuary are
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probably not popular because of their lack of access, and also because they are dry for much of the
vear. In the past, the lower Vasse Estuary and river behind the old butter factory was a very
popular fishing spot for both commercial and recreational fishermen, and regularly produced large
black bream, mullet, pilch (yellow-eye mullet), and even King George whiting on occasion. T hese
days, severe algal blooms and occasional mass fish deaths discourage people from fishing there.

In light of this, most of the knowledge about fish within the estuary system held by recreational
fishermen concerns Wonnerup Inlet, the Deadwater, the lower Vasse Estuary exit channel and the
floodgate structures. The lowest reaches of the Vasse River and its confluence with the mamn
estuary body were also important recreational areas in the past, however they have seen lictle use for
more than a decade. There is little known about the wide expanse of the estuary lagoons, and also
the castern shores where the Ludlow, Abba and Sabina Rivers discharge into the estuary, which
have always been relatively inaccessible to recreational fishermen.

For many years, all the arcas of the estuary and inlet were closed to the commercial fishermen who
used net and line in Geographe Bay. According to Mr Oldfreld, a former net fisherman who
moored his boat i Wonnerup Inlet, the commercial fishermen never fished anywhere in the
estuary or inlet or they risked losing their boat and all their gear. At times over the years (during
the 1920s and 1930s, and after 1960}, the mam estuary bodies were opened to commercial net
fishermen. QOrly a few fishermen have ever commercially fished the estuary waters, and these
include Mr Emanuel Soulos, whose father also fished i the estuary, and several generations of the
Smuth family (Mike Smith is the current operator). These fishermen represent only a handful of
people who have had substanrial contact with fish in the waters of the Vasse and Wonnerap mam
estuary bodies. Mr Soulos was the only commercial fisherman with extensive experience and
knowledge of fish in most of the areas of the wetland system: (upstream of the floodgates) who was
nterviewed. As such, information on the seasonal use of the estuary by fish was limited.

It appears that both yellow-eye mullet (Aldrichetta forsteriy and sea mullet (Mugil cephalus) attempt to
move upstream through the floodgates in large numbers during the winter months, when the
freshwater flow from the rivers begins. In South Africa, sea mullet (Mugil cephalus) have been
recorded up to 120km up rivers {Whitfield 1996). Indeed, sea mullet are tolerant of and found in
any salinity water, from 0-90ppt salinity {Whitfield 1996). It is not clear why the mullet move so
far upstream, but 1t 1s likely that they are feeding.

Muller are able to enter the estnaries from the Inlet at times during the year {see Section LT}, Mr
Soulos, a professional fisherman who has netted the estuary for over 50 years, has noticed that he
catches ‘clean’ fish, those which have just entered the estuary from the sea, at all times of year in
both estuaries. He can distinguish the fish which have been in the estuary for some tune by the
“slime” on their skin and within their viscera. Because Mr Soulos regularly catches ‘clean’ fish
upstream of the floodgates (inclading during February 2000), he believes that mullet continue to
move mto the estuaries from Geographe Bay atr most tunes of the year.

Although several of the fishermen believed that some of the sea mullet may spawn in the estuary,
the fact that Mr Soulos never catches them with roe in them is an indication that they do not
spawn in the estuary, but rather recruit as young-of-the-year {pinheads), which were observed in
large schools in Wonnerup Inlet on many occasions during the monitoring period.

Both the movement of the tide, and scawater leakage in through the floodgates (which 1s closely
related to the tide) were postulated to eftect the daily movement of fish. Seawater leaking in to the
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estuary was known to cause mullet to school in large numbers on the upstream side of the
floodgates.

Variance in water temperature was also suggested to determine the distribution of the fish within
the estuary at times. As the water warms, the amount’ of DO is reduced, whilst the respiratory
needs of fish increase (see section 1.2), so it is possible that fish may atrempt to avoid areas of
warm water, or seek refuge in cooler areas. Changes in water remperature at both sides of the
floodgates and along the length of the exit channel, and its effect on fish behaviour, may be worth
investigating.

Apparenty, very small volumes of seawater have been allowed back mto the Vasse Estuary
periodically during the summer months for possibly many years during the late 1950’s (and also
possibly during the mid 1930's — based on a conversation between Mr Jim Lane and Mr Oldfield
m 1998 — ]. Lane, CALM, pers. comm.). Mr Oldfield said that Jim and Jack Goodlad were the
Fisheries Department officers who periodically opened the floodgates. Presumably they must have
kept some records of their operations. These may sull be held by the Fisheries Department and
would be worth mvestigating.

14 CONCLUSION AND RECOMMENDATIONS

Due to the extremely eutrophied nature of the Vasse-Wonnerup wetland system, the effects of the
current “streamlining” {river bank revegetating), rehabilitation and nutrient reduction projects
within the estuaries’ catchment may take several years to be felt. As a result, conditions conducive
to the sudden, miass deaths of fish may continue for some time. The floodgates perform several
vital functions, including saving the Town of Busselton from flooding, which require careful
management of water levels and quality. The current floodgate strucrares also restrict the free
movement of fish into and out of the estuaries for much of the year, so it is inevitable that the fish
population will be affected. To continue to reduce the incidence of sudden, mass fish deaths by
strategic fish releases, the VETWG will need ro continue with some form of monitoring at each
set of floodgates over the summer period to determine the most appropriate tuntng for the release
of fish.

Although this monitoring program did not prevent the fish kill of February 15%, 2000, from
occurring, it did prevent the deaths of thousands more fish by allowing the release of the survivors.
Whilst in excess of 1500 fish died, it was estimated that more than 35,000 mullet were released
during the 8 hours that the floodgate was opened that day. The fish kill incident was well
docamented, and this will allow the VETWGQ to better understand and recognise the conditions
that mean a fish kifl is imminent in furure. Additionally, the monitoring program allowed the
successful release of another 1900 mullet from the Vasse Estaary on February 3%, 2000, and more
than 9400 mullet from Wonnerup Estuary over two releases (February 21+ and 254, 2000),
which is the highest number of {ish released from Wonnerup Estuary to date.

Continued daily monitoring of the floodgates will require ongoing funding. To reduce the costs of
monitoring, several remote applications may have potential. Remote video monitoring of fish
behaviour has been suggested as an alternative to a physical inspection each day. Given the poor
water quality in the estuaries, video monitoring of fish behaviour upstream of the floodgates for
most of the period critical to fish survival is likely to be difficult. Very low water clarity means that
often, only surface activity can be seen. W Iuiet fish may possibly be seen when gasping at the
surface, it is also possible that this behaviour only occurs a matter of minutes before death.
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Additionally, at times, extensive surface scums may make it difficule for fish to be seen by video at
all. Despite this, a remotely operated video directed at the water anmediately upstream of the
floodgates structure {covering the area from the floodgate boards to around I-2m upstream) may
be useful. On several occasions during the monitormg program, iarge numbers of very large mutlet
were seen swimming in seething masses immediately upstream of the floodgate boards, swimming
slowly in the seawater leakage from downstream and nosing hard up against the tloodgate structure
as 1f they wanted to swim downstream. This appeared to occur when the fish were stressed and
may be a useful indicator that can be monitored by video when the water i the estuary clears, as
happens following an algal bloom crash (which can cause potentially lerhal deoxygenation).

To be aware of impending critical Iow oxygen conditions likely to cause fish deaths, some
indication of the daily fluctuation in dissolved oxygen concentrations 1s required. In recognition of
this, an in sitw dissolved oxygen probe was mstalled in the Vasse Estuary exit channel (immediately
upstream of the floodgates) in 1997, however there have been considerable problems with
encrusting organisms fouling the probe, and since its mstallation, few accurate data have been
generated. Monitoring of pH several times per day, rather than dissolved oxygen, may possibly be a
cheaper and more reliable indicator of impending critical low DO conditions when they are caused
by algal bloom respiration. pH metres are considerably cheaper, more robust and reliable than DO
metres, so the viabiity of i sitw pH monitoring as indicator of daily fluctuations in dissolved
oxygen may be worth investigating.

Puring the course of this monitoring program, precautionary fish releases were conducted int
response to the presence of large numbers of fish schooling ar the floodgates. The author inspected
the floodgates on a total of 90 occasions, yet fish were released on only five occasions after it was
observed that fish were present and a release able to be conducted. It appears that Bunbury
Fisheries Department officers may have conducted smilar releases to reduce the mcidence of mass
fish deaths over 40 years ago (see section 13.3). In contrast to today’s releases where we wait for
fish to school in numbers at the floodgates, the fisheries officers of the 1950’ and 60’s used the
mcoming tide to cause the mullet to school at the floodgates by wedging a gate open to allow the
seawater to leak in. When sufficient numbers of fish had gathered at the floodgares, the floodgates

were apparently opened to release the fish.

It may be possible to reduce the number of inspection days required to sufficiently reduce mass
fish deaths by commencing a series of regular precautionary fish releases using the method
described above, which may also allow for flushing of the lower estaary channel when conditions
deteriorate. Jim and Jack Goodlad were the Fisheries and Wildlife officers who conducted the
releases, presumably the Fisheries Department must contamn some records pertaining to the Vasse
Estuary which may be worth investigating.

As the leakage of seawater through the floodgates appears, at times, to attract large numbers of fish
to school above the floodgates, knowledge of the rate of leakage and how it affects fish behaviour
may assist the VETWG to determine the appropriate timing for successful releases on a remote
basis. As the head of water and resulting refative rates of leakage can be determined by remote
monitoring of water levels (on both sides of the floodgates), further research to clearly determine
the effect of leakage may be justified, given the potential for ongoing remote monitoring.
Knowledge of the effects of leakage flow on schooling behaviour may also assist the VETWG m
the design of a ‘fishway’ mechanism that allows the passage of fish through floodgates whilst still
maintaining the structure’s flood mitigation functions.

57



Moenitoring of fish behaviour in the lower reaches of the Vasse — Wonnerap Wetlands during the summer of 1999,/2000

The current floodgate scructures are due for replacement over the next few years. To mmprove on
the current design, some sort of fish release mechanism or ‘fishway’ that enables the free passage of
fish through the floodgate structure should be incorporated. Unuil the free passage of fish through
the floodgate can be ensured, or until conditions within the wetland system mmprove, sudden-1mass
fish deaths are likely to be an infrequent, but recurringevenr. Continued efforts by the VETWG

may help to reduce their mcidence.
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APPENDIX 1: VASSE ESTUARY FISH KILL - February 15, 2000 —
INCIDENT REPORT

Observations and actions taken
Afternoon Monday February 14, 2000:

e AtI615 hrs Jim Lane (CALM) saw hundreds of mullet milling against the floodgate stopboards on the upstream
side of the stucture. The tide was high and the fish were swimming in the strong inflow (leakage) of wacer. At
1630 hrs Jim telephoned Water Corporation Bussefton and lefi a message on the answering machine requesting
that the foodgaces be opened the following morning o let fish out

Tresday February 15, 2000:

Comments from Jim Black {An 85 year old fisherman who has fished at the floodgates every third morning for several

decades, fives in Bunbury, Ph: 9721 73977:

o Arrived at 0530 and there were no fish schooling at the floodgates, and no visible fish or bird activity.

«  About 0600, Jim Black saw the first fish splashing right at the floodgates.

e e noticed that there were hundreds of fish moving down towards the floodgates from further upstream with
their noses above the water, slowly swimming at the surface. He commnented thar he immediately thought that ir
must be oxygen they were after, it was obvious from the way they were all arying to hold their heads above water,
gasping at the surface,

o He thought thar the activity had slowly become louder and more violent, with more and more fish splashing at
che surface.

s Large numbers of {ish started flapping and throwing themselves high out of the water right in front of the gates
only just before [ arrived (0625,

0625:

o Tarrived at floodgates to find a mass of {ish thrashing and flapping av che surface, with a flock of 15 to 20 silver
gulls flying low, divebombing and pecking fish.

«  Fish activity was greatest from the floodgates w about SG m upstream,

e In this arca, hundreds of mullet and black bream were flapping at the surface, most of them swimming on their
sides or upside down, erratically thrashing, wrying to push their heads above water or dhirow thernselves above the
water, Many would {lap theix body ap and then sowly sink, upside down, for a couple of seconds, and then try
again. Hundreds of fish were floating upside down, only flapping occasionally, and then slowly sinking. Between
the thrashing fish, thousands more muller were swimming slowly with their noses above the water. gasping at the
surface, occasionally swulmg rapidiy under the surface, and jumping above the warer. A few fish hit the floodgate
stopboards as they tried to jump out of the water.

+  Beyond 50 m, a sea of fish noses above the surface of the water (about 2em sticking out ~ a livtle dark lump)
could be seen. Dovens of muller were regularly splashing at the surface and jumping out of the water between the
sea of fish heads.

o There was a gentle feakage of seawater upsteeam, and it appeared as if it had just commenced fowing in, given the
slow rate of flow, which rapidly increased.

o There was no wind, it was totally calm and the water surface was glassy.

o lLess than 5% cloud cover — just very small patches of high camule-nimbus clouds. Trough line visible offshore.

0636:
¢ Lielephoned Jim Lane's mobile and left 2 message advising that fish were dying and urgent action was needed.

00645:

»  I'measured the water levels with a tape measure rext 1o the WRC gauge boards. Warer levels {corrected w true
AHD) were: upstream +0.02 m AHD; downstream +0.05 m AHD.

o I counted 12 dead fish right av floodgates, and many (several hundred) wesre floating upside down, some on the
surtace and some sinmking, Kicking only occasionally, not far from death.

o Activity at the floodgares, to 50 m upstzeam, was sull intensifying, with more and more fish going belly-up and
thmwmg themselves cut of the water, slowly sinkng, and then wying agan.

o
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« Thousands and thousands of fish noses were visible above the warer surface o around 150 m upsiream. The
density of fish noses appeared to be at least 30 per square metre (1o 150 m upstzeam).

0650:
» Inspected Wonnerup floodgazes — there were no stressed fish, and malier were very sporadically jumping actively
at the floodgates and down the channel. A

0705:
»  Robya Paice (WRC Bunbury) arrived ac the Vasse Estuary floodgates and commenced raking photos of fish

acrivity.

0710:
o 1 rewrned w the floodgates wo find that the activity at the floodgates had quictened. Less fish were thrashing at

the surface in front of the floodgates, and few were jumping above the surface.

o Thousands of fish could stll be seen gasping ac the surface, furcher upstream (from arcund 30 m o 150 m
UPSLICAI ).

o Icounted 37 fish fying upside down on bottom (or slowly sinking) in a 20 m wide area {from flocdgare 10 about
20 m upstream) on the south bank (near the gauge boards, where the water appeared clearest. Many of the fish
were stifl occasionally finning and kicking their tails.

¢ The water was clear enough 1o see the bottom afong the south bank {where the sandbar is}), and also along the
north bank.

o The wind slowly started to blow from the east (variable south east 1o north east at firsc), and gradually freshened
(about § 1o 10 knots at this stage — slight ripples on surface of water).

¢ Despite the presence of people on the floodgates (Robyn, Jim Black and myself), approximarely 40 silver gulls, [
white-beilied sca-cagle and I caspian tern conunued to dive bomb fish within 30 m of floodgate. Two great
egrets were feeding on small fish in the shallows {50m up north bank.

0720:

+  lestmated around 100 fish dead in the immediate vicinity of the floodgates {c. 30 m upstrcam).

« No fish jumped above surface, or thrashed at the surface since 0710,

o The number of sk gasping at surface, with their noses above water, gradually reduced, and the fish moved
further upstream of the gates.

o Thousands of fish noses were still visible, mosdy 50 m to 150 m upstream by this stage.

0800:
s Oneof the Vasse estuary Hoodgates was opened by John Moon and Clive Piggott of Water Corp Busselwon. (Jim

Lane had received iy 0636 hrs phone message, phoned Graham Holtireter (Water Corp) and requested urgent
opening ). Jim Lane arrived at floodgates ac 0805 hrs.

0815:

+«  Wind had freshened to a moderate breeze (IZ o I8 kll()l‘s).

s Large numbers of fish fry {I w 2 inches) and palacmonid sheimps were schooling ar floodgates and exhibiting
slow movernent.

«  Numbers of fish gasping at surface continually declined, and moved slightly further away from the gates, with the
densest area about 100 m upstream.

¢ No fish were jumping out of the water since 07 10.

0820 — 1030:

e jim Lane waded to collect fish, shrimp, sediment and some water samples. Live shrimps could be picked fairly
easily with tweezers,

o All dead fish were collected from an area 5 - 10 m wide, from the fToodgate to 130 m upstzeam on the south
bank.

+  Robyn Paice collected a Fish Kill Kit from Geocatcly’s Busselton office.

+  Robyn Paice and I commenced sampling with kit according w the provided protocol.
- A representative sample of size and species killed were placed on ice — where possible, live but stressed fish

were captured, however most were dead at time of sampling.
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- A representative sample of the kill was dissected and formalin preserved.

- Sediment and water quality samples for determination of BOD, nutrients, organochlotines, sulplide and
phywoplankton were taken.

Chaslie Broadbent (CALM; Chairman of Vasse Estuary Technical Working Group) reported many dead fish ap

L]
to Ballarat Road (this bad also been reported to Jim Lane by local resident Basil Hand at 0715 hrs).

0845:

» Al severely swessed fish behaviour appeared 1o have ceased. No more fish were observed jumping or thrashing ac
the surface, and no fish were gasping at the surface.

+  lmmediately upsiream of the floodgates, several fish were stifl finning very slowly below the surface (not far from
death), however almost alt visible adult muller and bream were dead.

»  Large numbers of small fish — pinheads’ or 1 to 2 inch long fry — were swimming just below the surface av the

floodgates, some swimming slowly or waywardly. Many were breaking the surface, leaping en masse in large, fast
sprays across the surface, usually in response 1o gulls flying low over the water but also as if being chased
undemeath (but that was not confirmed). The sprays could be seen from § m o 150 m upstrearn.

0930 - 0945:

Jim Lane (still wading at this stage) observed the first live adult mullet to recommence schooling 5 —25m

L
upstream of the floodgates. Schools of many hundreds of fish approached the incoming flow of seawater at the
floodgates.

F040:

o Mullet were first observed to be migrating through the opened floodgate, slowly at first (100 a minute), then up
o 200 a minute by 1050.

e Jim Lanc and } took turns counting numbers of fish migrating through every few minutes 1o ascertain rate changes
over the entire gate opening period. This allowed a faitly accurate estimate of numbers of fish thar emigrated
[rom the estuary.

1I25:

o Large numbess of mufler (up to 340 per minuee) were migrating through the gate.

«  About 2% of the fish migraving through the gate were very large fish (<50cm fong). No fish of this size class
wete observed in the kill av the floodgates (although 2 individuals were collected the following day).

»  The water 0 - 20 ¢m behind the floodgates was thick with mullet, a seething mass of fish wriggling at the surface,
The fish were so numerous you could dip a scoop net and bring up 10 mullet each scoop -~ most were Sea Mullet
Muggil cephalus. Near the southezn shore, the water was thick with mullet for at least 50 m upstream, many
thousands of fish were present,

1300

»  Numbers of muliet emigrating steadily reduced o less than 100 per ninute {mostly around 60 — 70 a minute),
although the water immediately behind the floodgates was sull thick with fish. Muller could sull be scooped up in
numbers with a net dipped just behind the floodgates, o the side of the main inflow.

o It is possible that some of the smaller fish may have had difficulty escaping at this stage (most of the fish
observed emigrating were {arger at this stage), due the high head of water in the inlet, which resulted in a very
fast, gushing flow of water inw the estuary.

1313:
»  Numbers of fish escaping reduced o less than 20 per minute.

1340 - 1445:

Jim Lane and I inspected Webster Road and Estuary View Drive and found no dead fish. Dead fish were

observed ac Ballarat Road only.
1600:
+  Numbers of muller emigrating through the floodgates were fess than 13 per minute since 1500 hrs.

As per the agreed schedule of operation for floodgate openings, the floodgates were closed after 8 hours open,
despite the presence of many fish still schooling upsteam of the floodgates. When the upstieam water lovel is
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higher than -0.1 m AHD, the current floadgate operational guidelines allow for the floodgates to remain open for
longer than 8 hours only if fish are suill dying.

Wednesday February 16, 2000

o larrived ar the Vasse estuary floodgates at 0530 hes and fourtd hundreds of dead fish (from yesterday morming)
floating belly-up on the surface, {or ar least several hundred metres upstream.

e Jim Lane and I commenced the cleanup operation by 0630.

e Many gulls, terns, cormorants and whistling kites wete feeding on the small fish early in the morning,

o By 1400 all the dead fish were removed. Most were disposed of at the Shize’s offal pit, sorme were buried near the
mouth of Wonnerup Inlet.

»  While boating near the floedgates, we found that the reverse flap valve sill was I cm above the upstream water
level. This could have prevented further fish releases, so later that day we lowered the frame by two stopbeards (a
total of about 30 em) wo facilitate future refeases.

e During the cleanup, the only live fish observed were a small number of mullet sporadically surfacing near Ballarar
Road. No live fish were observed closer to the floodgates.

Numbers of fish killed

o On February 15, about 60 Black Bream Acanthopagris buteheri, 60 Yellow-Eye Mulle Aldrichenta forsteri, and 10
unidentfied gobies were collected,

e On February 16, 306 Black Bream (mosty very small, with less than 150 mm lower jaw ~ fork length LJFL),
1037 Yellow-eye Mullet, 2 Sea Mudler and T unidenified juvenile fish (c. 100 mm) were colfected between the
floodgates and Ballarat Road.

o TOTAL: 14756 fish collected - in excess of 1300 fish were killed.

o Jumust be noted that the majority of mullet collecred on the 16t were larger fish (>150 mm). Iv is likely that
birds had consumed many of the smaller fish, which represented more than 50% of the mullet kilfed (based on
the sub-sample collected the previous mosning).

Numbers of fish released

o It is estimated that in excess of 35 000 mullet were released through the floodgates between 0800 and 1600 on
February 15.

Important factors w consider

o Only Yelfow-eye Mullet, Black Bream and small unidentified gobies were killed. Despite the presence of many
thousands of Sea Mullet, only 2 individuals died (and these were very farge specimens — both well in excess of
50cim).

o Not all year classes appeared to have been affected, and smaller fish made vp the greatest proportons Lilied. Fish
collected immediately following the kil on Tuesday morning {15 Feb) were sorted into obvious year classes and
the following proportions were represented: Black Bream, 68% were 86 — I35 mm LJFL, 26% were 165 - 195
mm LJFL, and 6% were 265 — 295 mm EJFL; Yellow-eye Mullet, 62% were 95 — 145 mm LJFL, 22% were
220 — 260 mm LJFL. and 16% were 275 - 345 mm LJFL.

¢ Many of the fish appeared to have burst blood vessels along the side of the gill plate and around the viscera. All
displayed very red gifls.

«  The inflow of Inlet water was steadily increasing all day {15 Feb), commencing at about 0630 - 0645, due 1o a
high ampfitude spring tide that was rising all day (peaking at about 0400 the followng imorning).

+  Additionally, the bottom sill of the reverse flap valve, through which the fish were escaping, was about 2em above
the heighe of the estuary water when the floodgates were opened. It is forrunate that there was such a high
incoming tide,

»  Alower tide may have made it impossible 1o release fish, as they would not have been able to clear the sill of the
reverse flap valve.

o luis likely that there was no leakage of seawater into the estuary for about 2 or 3 hours before the kill occurred.

o Conditions were calm when the kil occurred.
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Appendix 2: Weather Conditions and Time of Inspections at the Vasse Floodgates

Vasse Time Wind Wind Strength Cloud Comments
Floodgates Direction
DATE .
16/12/99 1400 E Fresh with strong Cloudy to the east
gusts
18/12/99 410 SwW Lighe to moderate Cloudy to the cast
20/12/99 1350 SW Light Cloudy w the east,
broad trough inland,
very hot yesterday
22/82/99 1420 SW Moderate
24/12/99 1400 E Moderate
26/12/99 1355 SW Light to moderate
28/12/99 1415 5W Tight
30/12/99 1355 E Moderate o fresh 100% cover
2/01/00 1355 SE Light - moderate
3/01/00 1353 NE Strong
4/01/00 1330 NE Light
5/01/00 1400 SW Light - moderate
6/01/00 1400 NE Calm - very kight Overcast
7/01/00 625 E Moderate
3/01/00 6135 Calm Overcast
9/01/00 625 B Calm - light
10/01/00 613 SE Calm - light
11/G1/00 600 SW Calm - fight Overcast Fresh seabreeze yesterday
12/01/00 625 SW/SE | light - moderate gusts
13/01/00 610 ENE Moderate Overcast Cool wind - rain forecast
14/01/CG 610 E Fresh with strong Owvercast Light drizzle - cold wind -
quSLs rained a litde fast night
15/01/00 615 ESE Moderate Very overcast Cool wind - rained all night
— drizzling this meming
16/01/00 630 SE Light Very heavy ra_in on Cape
Naturaliste for hours -
stopped raing as I came
into Busselron, the roads
are dry
17/01/00 610 Calm
18/01/00 610 NE Light
19/01/00 GalI0 SE Light
20/01/00 640 Sk Light
21/01/00 6lI0 SE Moderaver - Fresh Very overcast Cool — light ram
22/01/00 620 E/NE Fresh with sirong Very ovescast Cold — considerable rain
qusts this moming
23/01/00 610 NE Fresh to strong Cloudy to N and E |Considerable rain yesterday
again
24/01/00 6IS Calm
25/0L/00 615 SE Light
26/01/00 610 SE Light to moderate
27/01/00 630 MNE Fresh to strong
28/01/00 615 NE Moderate - {resh
29/01/00 630 NE Light




Monitoring of {ish behaviour in the lower reaches of the Vasse — Wonnerup Wedands during the summer of 1999/2000

Vasse Time Wind Wind Strength Cloud Comments

Floodgates Direction

DATE

30/01/00 615 SE Light to moderate

31/01/00 610 SE Light Thin clouds Rained considerabiy last
night

1/02/00 630 Calm
2/02/00 603 Calm Cloudy 2o the north,

east and south - ~

25% cover

3/02/00 620 Calm
4/02/00 620 5 Light Wind freshening
5/02/00 6035 Calm
6,/02/00 610 NE Light to moderate
7/02/00 610 NE Light to moderate >95%

8/02/00 610 SW/S Fresh to strong gusts >95% Small amount of drizzle
early this morning

9/02/00 615 SE Light

10/02/00 625 SE Light

11/02/00 615 S/SE Light 10 moderate

12/02/00 625 E/INE Fresh

13/02/00 610 Calm

14/02/00 633 SE Very light

15/02/00 625 Calm

16/02/00 535 ESE Calm - very light

17/02/00 615 Calm

18/02/00 620 5 Ligh L Frcshcning quickly

19/02/00 630 SE Light ~5% Cloud on horizon o south
and east - strong wind
warning $/SE tnday

20/02/00 620 : Calm - light

21/02/00 700 NE Calm - very light ~5%

22/02/00 630 Calm ~53% Cloud to the south - strong
wind warning {orecast —
raining on Cape Naturaliste
already

23/02/00 715 NE Light >00%

24/02/00 630 Calm

25/02/00 620 SE Calm - light

26/02/00 655 5/SE Light

27/02/00 630 Calm

28/02/00 als Calm ~20% Cloud 1o NE

29/02/00 G20 Calm ~30% Cloud to NE

2/03/00 620 E Calm - light ~50% Cloud o the south - frontal

4/03/00 620 E Light o moderate

6/03/00 630 NE Moderate

8/03/00 655 E Light

10/03/00 6435 SE Strong 100% Very grey, raining - ander
influence of tropical
cyclone Steve

12/03/00 630 S/SE Light-moderate 100% Very grey and cool

14/03/00 640 E Calin - very light

2



Manitoring of fish behaviour ax the lower reaches of the Vasse ~ Wonnerup Wedands during the sammer of 1999/2000

Vasse Time Wind Wind Strength Cloud Comments
Floodgates Direction
DATE

16/03/00 630 Calm

I18/03/00 645 Calm

20/03/00 645 NE Moderage 60% Cloud to NE - influence of
rropical cyelene Glga - no
sun on water yet

22/03/00 635 Calm

24/03/00 640 Calm

26/03/00 640 S/SE Light

28/03/00 705 Calm

30/03/00 655 Calm

1/04/00 715 Calm

3/04/00 730 & Moderate to fresh

5/04/00 715 E/NE Fresh wo strong

7/04/00 720 NE Calm - very light 0% Looks like rain coming

9/04/00 730 NE Calm- very light WVexy high tide again -
floodgates arc like a
waterfall on upstream side

11/04/00 730 N/NW Fresh to strong 70% Rain coming

13/04/00 725 W Calm wo light 40% Front approaching from
south

15/04/00 715 Calm




Monitoring of fish behaviour in the fower reaches of e Vasse — Wonnerup Wedands during the sumunes of 1999 /2000

Appendix 3: Depth and Flow Measurements at the Vasse Floodgates

Vasse Upstream Downsireamn | Flow Direction Flow Rate Observed Flow Rating
Floodgates Depth Depth Observed
DATE Observed Observed .
16/12/99 0.36 042 Upstream Gentle leakage 1
18/12/99 0.38 0.39 Downstrears [ Gentle leakage -1
20/12/99 0.36 0.39 Downstrean  [Gentle leakage -1
22/12/99 0.34 0.38 Downstream  |Genude leakage -1
24/12/99 0.39 (.34 Upstream Very gentle leakage 0.5
26/12/99 0.31 0.23 Downstrearn | Moderate leakage -2
28/12/99 0.3 0.36 Upstream Moderate lcakage 2
30/12/99 0.34 0.27 Upstream Gende leakage I
2/08/00 0.27 0.41 Upstream Moderate - fast leakage 2.5
3/01/00 0.25 0.35 Upstreamn Fast leakage 3
3/01/00 0.22 0.37 Upstream Fast leakage 3
5/01/00 0.25 0.34 Upstream Very geatle leakage 0.5
6/01/00 M 1.825 M 1.560 Upstream Gentle leakage - moderace in 2 1
bays

7/01/00 M 1.825 M 1.690 Downstream | Moderase leakage 2
8/01/00 0.23 0.22 Downstream  |Gentde leakage -1
9/01/00 0.23 0.22 Downstrean  [Gentle leakage -1
10/01/00 M 1.820 021 Downstream  {Gentle Jeakage -1
I11/01/00 M 1.830 0.29 Downstream - |Gentle leakage -1
12/01/00 M 1.825 0.34 Upstream Moderate [eakage 2
13/01/00 M 1.835 0.28 Upstream Gentle leakage i
14/01/00 M 1.850 0.27 Upstream Gentle lcakage ¥
15/01,/00 M 1.820 .27 Upstream WVery gentle leakage 0.5
16/01/00 M 1.825 0.26 Upstream Very gende leakage 0.5
17/01/00 M 1830 0.19 Downstream  {Gentle leakage -1
18/01/00 M 1.830 M 1.755 Downstreamn {Gendle leakage -1
19/01/00 M 1.835 0.15 Downstream [ Moderate - Fast feakage -2.5
20/01/00 M 1.840 M 1.850 Downstream  [Fast leakage -3
21/01/00 M [.860 M 1.875 Downstream  [Moderate leakage -2
22/01/00 M 1.870 M L8I0 Downstream  |Fast leakage
23/01/00 M 1.855 M 1775 Downstream  |Moderate - fast leakage -2.5
24/01/00 M 1.855 Q.19 Downstream  |Gentle leakage -1
25/01/00 M 1.870 M 1.745 Downstreamn [ Moderate leakage -2
26/01/00 M 1875 M 1.720 Downstream  |Very gentle leakage 0.5
27/01/00 M 1.890 M 1.795 Downstream  |Gentle leakage -1
28/01/00 M 1910 M 1.740 Downstream  [Very gentle leakage -0.5
29/01/00 M 1.895 M 1575 Upstream Moderate to fast 2.5
30/01/00 M 1.895 0.3 Upstream Gende leakage I
31/01/00 M 1.900 M I[.620 Upstream Gentle I
1/02/00 M 1.895 M 1.680 Upstream Very gentle leakage Q.3
2/02/00 M 1.900 M 1.740 None Slack water O
3/02/00 M 1.905 M 1.745 Downstrearn  {Very gende [eakage 0.5
4/02/00 M 1.905 M 1.760 Downstreamn  |Gentle — moderate -1.5
5/02/00 M 1.905 M [.835 Downstream | Moderate -2
6/02/00 M 1.940 M 1.805 Downstream | Gentle -1
7/02/00 M 1.915 M 1.730 Downstream | Very geatle -0.5




Monitoring of fish behaviour in the lower reaches of the Vasse — Wonnerup Wetlands during the seromer of 1999/ 2000

Vasse Upstream Downstream | Flow Direction Flow Rate Observed Flow Rating
Floodgates Depth Depth Observed
DATE Observed Observed

8/02/00 M [.9]0 M [.720 Downstream |Gende -1
9/02/00 M 1,925 M 1770 None L|No discernible flow 0
10/02/00 M 1.945 M 1.850 Downswrcam {Gentde -1
11/02/00 M 1.950 M 1870 Downstreanm:  [Gentle -1
12/02/00 M 1.960 M 1.880 Downstream  {Gentle -1
13/02/00 M 1.985 M 1.810 None No discernible fow 0
14/02/00 M 1.960 M 1.730 Upstream Gentle I
15/02/00 M 1.970 M 1.775 Upstream Gentle 1
16/02/00 M 1975 M 1.835 Downstream  [Very Gentle .3
17/02/00 M 1.980 M 1.840 Downstream  [Gentle feakage -1
18/02/00 M 1.970 M 1.825 Downstream  |Moderate leakage -2
19/02/00 M 1.980 M 1.890 Downstrean [Moderate -2
20/02/00 M 1.995 M 1.850 Downstream | Moderate leakage 2
21/02/00 M 2.000 M 1.680 Upstream Gentle 1
22/02/00 M 1.995 M 1.66¢ Upstreun Moderate leakage 2
23/02/00 M 2,010 M 1.635 Upstream Moderate - fast foakage 2.5
24/02/00 M 2.010 M 1.720 Upstream Moderate leakage 2
25/02/00 M 2010 M 1.865 Downstream  |Gentle leakage -1
26/02/00 M 2.025 M 1.920 Downstream | Fast leakage -3
27/02/00 M 2030 M 1.880 Downstreamn  [Moderate leakage -2
28/02/00 M 2040 M 1.810 None No discernible fow 0
29/02/00 M 2,040 M 1.6%0 Upstream Moderate ro fast 2.5
2/03/00 M 2.030 M 1.860 MNone No discernible flow 0
4/03/00 M 2.045 M 1.920 Downstream | Moderate -2
6/03/00 M 2.070 M 1.6I0 Upsiream Moderate 2
8/03/00 M 2075 M 1510 Unpstream Fast leakage 3
10/G3/00 M 2.030 M 1.700 Upstream Gende to moderate 1.5
12/03/00 M 2.040 M 1.650 Upstream Moderate 2
14/03/00 M 2.050 M 1.860 None No discermble flow 0
16/03/00 M 2.060 M 1.760 Upstream Gentle I
18/03/00 M 2.055 M I.870 None No discernible flow 0
20/03/00 M 2075 M I.613 Upstream Fast fcakage 3
22/03/00 M 2.055 M L.600 Upstieam Fast leakage 3
24/03/00 M 2.060 M 1.550 Upstream Fast [eakage 3
26/03/00 M 2.050 M 1.550 Upstream Fast leakage 3
28/03/00 M 2.065 M L.7I0 Upstream Moderate 2
30/03/00 M 2055 M 1.710 Upstream Moderate 2
1/04/00 M 2.060 M 1.595 Upstream Moderare 2
3/04/00 M 2.055 M 1.620 Upstream Moderate 2
5/04/00 M 2.055 M 1600 Upstrcam Moderate 2
7/04/00 M 2.070 0.6 Upstream Very fast 3
9/04/00 M 2.070 0.5 Upstream Very fast 3
11/04/00 M 2.080 0.55 Upstream Very fast 3
13/04/00 M 2.055 047 Upstream Maoderate to fast 25
15/04/00 M 2.070 0.26 Upstream Gentle to moderate 1.5

PLEASE NOTE: M eefers to a depth measurement taken (rom a specific point to the water surface, these are not caltbrated depths.
All other readings are depihs {m AT read [vor the installed gauge boards.



Meonitoring of fish behaviour in the lower reaches of the Vasse — Wonnensp Wetlands during the sunumer of T999 /2000

Appendix 4: Water Quality Upstream of the Vasse Floodgates

Vasse Colour Scum Clarity ; Clarity Cormments
Upstream Rating
DATE
16/12/99 {Pea-soup green Poor I
18/12/99 Bright pea green Poor I
20/12/99 Bright pea green  [Golf ball size balls of spongy  {Poor - very| 0.3
deep green and black scam at poor
floodgate boards
22/12/99 |Khaki green Poor I
24/12/99 {Pea-soup green Im x Im pawches of Ruppia Very poor 0
mauting with fight brown
spongy scum at FG and along
banks
26/12/99 |Qlive green Small amount of Ruppia Poor i
matting with brown and green
spongy scum and white froth
on surface
28/12/99 Light olive green Poor I
30/12/99 |Khaki brown Poor I
2/01/00 Light ofive Small amount of clive Poor I Bubbles rising at FG
{bright) coloured scum on surface at
FG: in corner under tree,
upstrear, large patch of bright
green very soupy seum
3/01/00 |Olive brown Moderate 2 iAppears to be clearing up;
green bloom in comer no
longer there
4/01/00 |Olive brown Poor | Few bubbles rising around
pylons
S/0T/00 {Pea green Khaki green scum on surface at| Very poor 0 Swirls of green phywplankron
FG boards visible on surface at FGs
6/01/00 Bright pea green  |Small amount of brown Very poor 0 Very thick and soupy locking;
filamentous scum with bubbles filamentous spizals of
rising {0m upstrean of FGs; phytoplankuon visible; area of
blue-green coloured spongy filamentous, soupy bloom is
scum on the surface ac FGs confined from FG o Sm
upstrean: and appears o have
beerr blown against the FG
boards — yesterday was the first
real seabreeze in weeks
7/01/00 [Dark green Very poor ¢] Very thick, stringy and scupy
looking for Sm upstream of
the FG
&/01/00 |Bright green Dark green spongy scum with | Very poor 0 Very visible switls of dark

hubbles on the surface 10 18m
upstream and across both
banks

green phytopiankton; this ss
the first day that the bicom
has reduced the visibiliy 10
zero; water very thick and
soupy for I5m upstream of the
FG




Menitoring of fish behaviour in the Jower reaches of the Vasse — Wonnerup Wedands during the sumimer of 1999 /2000

Vasse Colour Scum Clariny | Clarity Comments
Ubpstream Ratng
DATE
9/01/00 Bright green/ dark |Spongy khaki scum with white { Very poor 0 Bubbles rising, bloom looks
green swirls froth all around edges like light and dark green
marbled paper, confined o
25m upstream
10/01/00 |Bright green with | Large patches of khaki brown | Very paor 0 Bloom is noticeably extending
dark green swirls  [very bubbly/spongy scum on up the channel
surface with white bubbles all
around edges
11/01/00 Bright green with Very poor 0 Visible bloom confined to
dark green swirls 30m upstream of FG only -
looks very marbled and is criss-
crossed by bird or fish wracks:
surface scam has disappeared
(fresh seabreeze yesterday);
some white bubbles on surface
12/01/00 |Bright green and  {Small amount of spongy scum | Very poor 0 Very motted looking
darker preen and a small amount of Ruppia
mottled at FG; few bubbles rising
13/01/00 |Bright green Very poor 0 |No surface scum - all
homogenous
14/01/00 Bright green Very poor 0 all homogeneus in colour and
texture; estuary smells on
leeward shore
15/01/00 {Bright green Very poor 0
16/01/00 Bright green with Very poor 0 Bloom looks like an oily pamnu
pale green surface skin blown up against FG
film
17/01/00 [Bright green Small patches of spongy green | Very poor| 0
scum surrounded by white
foam bubbles at FG
18/01/00 Bright green Dark khaki spongy marts Very poor 0 il visibility
{surrounded by bubbles on
surface w 30m upstream
19/01/00 {Green Large khaki/brown spongy Very poor 0 |Nil visibility: lots of bubbles
sediment mats on the surface — on strface with scum macs
thick [rom FG 1o 30m
upstrean
20/01/00 Bright green Small amount of spongy green | Very poor 0 Mostly homogenous looking,
scum in corner of bay although slight swirls of
phyteplankion visible in the
soup
21/01/00 Bright green Very poor 0 all homogenous - no swirls or
scum visible
22/01/00 Bright pea green Very poor 0
23/01/00 [Olive green Poor - very[ 0.5 |Nou quite as ba:ight as it has
poor been - al! homegenous - can

see abour 2% into water instead
of nil




Monitoring of fish behaviour in the lower reaches of the Vasse - Wonnerap Wedands during the sunmer of 1999/ 2000

Vasse Colour Scum Clarity | Clariyy Comments
Upstream Rating
DATE
24/01/00 {Bright green Sozal! parches (wiangles) of Very poor 0 Most severe to 25m upstream
mottled with spongy dark khaki scurn ac FG and bay on north bank
lighter green
phytoplankton
dots
25/01/00 {Khaki green {very Very poor 0 |Looks like a thick colloid with
dark) mogtled phytoplankton flocculating
with lighter together — thick and soupy -
patches fooks darker - not usual bright
green
26/01/00 |Dark khaks Poor [ |Loocks like it might be clearing
- looks better today than m
December
27/01/00 |Khaki green Poor | Colour is the same as the infer
- definitely appears o be
improving
28/01/00 |Dark khaki Very small amount of Ruppia Poor I
at FG
29/01/00 [Dark olive/brown |2 by 3m pawch of datk beown Poor I Some Ruppia scum also
crusty seum at FG - - looks like
sediment surlace has risen
30/01/00 |Dark khaki with  {Green and black spongy scum | Very poor G Lots of bubbles on surface —
bright olive green  [on surface for 4m upstream of looks like bloom beginning
swirls and patches |FG again — phytoplankwon swirls
at FG visible in water column again
31/01/00 Bright and dark | Thick and chunky spongy Very poor 0 Nil visibility - thickest at FG
green bright and dark green scum on to 10m upstream (looks like
surface to 70m upsiream blocks of sponge) - bright
green phytoplankion between
darker spongy bits
1/02/00 [Kaleidoscope of  {Patches of khaki, teal green, Very poor 0 iLots of bubbles and froth on
colours bright green, olive green, surface - worst 1t has looked all
brown, and pale brown spongy sununeE
scum and thick mat on surface
2/02/00 {Dark khaki with  |Kaleidoscope of olive, cyan, Very poor 0 Bloom confined to 10m
Aoccules of pale  [khaki, bright green, real green upstrean and along north bank
green for > 100m upstrearn; patches
phytoplankion of scum up channel for T00m;
3/02/00 |Very dark Spongy olive brown/bright Very poor 0
olive/khaki green and dark brown spongy
scum, very thick at FG, along
banks and in pacches for 80m
upsiream
4/02/00 |Very dack khaki  {Cyan/bright teal green/brown | Very poor 0

scum and small fufly clumps
of green algae in the water

column




Monitoging of fish behaviour in the lower reaches of the Vasse — Wonnerup Wetlands during the semmer of 1999/2000

Vasse Colour Scum Clarity | Clarity Comments
Upstream Rating
DATE
5/02/00 (Dark khaki with  [Confined to small patch on SE Poor I
small flecks of end of FG
pale green clumps
of phytoplankton
{size of [0 cent
picce)
6/02/00 [Very dark Only very small amounts of Poor |
khaki/brown SCUM remain
7/02/00 {Very dark Poor 1 MNo surface scum feft
khaki/brown
8/02/00 |Dak Poor i Hard 1o tell colour; overcast
khaki/brown and litlle light
9/02/00 [Dark Poor i Residual bubbles/ froth right
khaki/brown at floodgates
10/02/00 Brown Poor to 0.5  Some residual bubbles and
very poor froth on surface
11/02/00 |Pale brown Poor I 20 wide line of {roth on
surface along north bank
12/02/00 [Olive brown Poor I Clarity improving on Jast 2
days; small amount of frath on
north bank
13/02/00 |Olive brown Poor 1
14/02/00 |Olive brown Poor to 1.5 {Bubbles on surface at FG, bank
moderate of North bay and to ~I5m
upstream
15/02/00 iOlive brown Moderate 2.5 |Froth on surface: cccasional
10 good bubbles rising; sulphur smeli
along North bank
16/02/00 |Dark khaki - clear Very good 4 Very clear - can see bottom on
north bank — small bubbles on
surface of water for ar feast
200m up the channel
17/02/00 |Dark khaki Moderate 2 {Froth at FG
18/02/00 |Dack khaki Bright olive brown and pale Poor 1 Scum looks similar o stuff
cream: {rothy scum building up (loating av Estuary View Drive
against FG boards, thick w the buc slightly more green and
prions; looks very marbled [rothy
with many babbies on the wop
19/02/00 1Okive Moderate 2.5 |All the scum {rom yesterday
brown/khaki o good has gone - small amount of
bubbles on north bank; can see
bottom along south bank
20/02/00 Moderate 2 Too dark to really see colour

or clarity - bubbles on surface
along N bank from FG o
120m upstream
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Monitoring of {ish behaviour in the lower reaches of the Vasse - Wonnerup Wetlands dusing the sunumer of 1999/2000

Vasse Colour Scum Clarity | Clariwy Comments
Upstream Ratng
DATE
21/02/00 |Dark khaki Small amount of dark brown | Moderate 2
spongy scum (sediment
surface?) floating at FG and
along N bank (2 - 4m wide for
abour 120m upstream ); small
patches of bubbles rising
around FG strucrures
22/02/00 [Khaki brown Large chunks of patchy Moderate 2
coloured {pale to dark brown)
sl}my/ spongy scum at FG -~
sinaller patches 1o 20 m
apstream; sucface of water
covered in bubbles - worst to
20 m upstream
23/02/00 |Dark khaki Large amounts of patchy Moderate 2 |Bubbles rising at FG, bubbles
coloured (pale-dark brown) on surface for 200m+
lampy/spongy scum at FG upstream
and more 200m+ upstreamn
24/02/00 |Dark khali Small chunks of spongy brown | Moderate 2 Bubbles rising at FG ~ thick
scun at FG and corner of bay for about I0m upstream -
only; thick also along N bank (1-2mn
wide) - small patches of
bubbles on surface for 200m+
U})Slfl'(’.ﬂiﬂ
25/02/00 |Pale milky green  {Small amount of very dark Moderate 2 Notable calour change at FG -
brown spongy scum near some bloom beginning again perhaps
bays of FG
26/02/00 iKhaki green Poor 1 Looks thicker than the fast few
days — sulphurous smell
upstream on S bank
27/02/00 Bright olive green Poor - very! 0.5 |Bloom visibly thickening in
poor vicinity of FG - appears
homogenous thick green with a
slightly thicker band 1o ~5m
upstream
28/02/00 |Olive green Very smalf pawches of dark Poor 1 Sediments near § bank snaeil
131'()\’\’]1 SPOUgy LCLIT ON SUi'rﬂCC VC['}’ SUIPIEUY{)US
at FG
29/02/00 {Pea green (slightly Moderawe 2 |Bubbles on surface along N
cloudy) bank - appears Lo be clearer
than yesterday — can see ~30-
40cm into the water
2/03/00 {Milky pale green Moderate 2 Warter column appears 10 be
clearing slightly more — can see
bottom for 4-5m wide strip
along S bank
4/03/00 |Dark khaki Moderare 2 Not as bright as previous fow
days
6/03/00 Khaki Moderate 2 Sediments along S bank very
black; few bubbles rising at FG
8/03/00 |Khaki green Moderate 2 Appears a little clearer than 4

days ago
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Monitoring of fish behaviour in the lower reaches of the Vasse — Wonnerup Wetlands during the sumimer of 1999/2000

Vasse Colour Scum Clarity | Clarity Comments
Upstreamn Rating
DATE
[0/03/00 Milky pea green Moderate 2
12/03/00 Milky pea green Moderate 1.5 [Estuary really smells today
“to poor
14/03/00 {Milky green Moderate 2 {Sediments along both banks
very black with pale green
slime ‘peeling off in places;
small patches of bubbles on
surface along n bank [or
100m+ upstream
16/03/00 |Pale milky green Poor I Bubbles on surface of water o
100m+ upstream
18/03/00 {Milky green Moderate 2 [Bubbles an surface along N
bank for I50m+ upstream
20/03/00 |Milky green Moderate 2 No bubbies on surlace;
sediments Jook very dark grey
and black
22/03/00 [Bright pea green Moderate 2 |Slighcly milky suill: bubbles on
surlace along N bank
24/03/00 Milky pea green  [Very smalf amount of patchy | Moderate 2z Bubbles on surface along N
and thin pale brown (ilm on bank
surface near N side of FG
26/03/00 [Pea green Moderate 2 |MNo scum or bubbles
28/03/00 Bright green Moderate 2 Bubbles along N bank
30/03/00 |Milky pea green  |Qily film with a small amount | Moderate 1.5 {Bubbles along IN bank — water
of pale brown and dark brown | o poor quality notably dececiorated
thin scum on surface - most in today
bay on N bank; some brown
stringy scum around FG
pylons as well
1/04/00 Khaki green Poar i Small amount of bubbles along
bank
3/04/00 |Dark khaki Moderate 2 No seum or bubbles
5/04/00 |Khaki green Moderate 2
7/04/00 |Looks very dagk [Small amount of pale brown Moderate 2 May look dark because can see
scun on bark marging - no the bottom (black sedinenis)
scum on water surface slightly today maybe
9/04/00 |Khaki/olive green [Bubbles and pale brown stringy|  Good 3 Water clearer upstrcam due 1o
scum along N bank very strong leakage upstream
for 3 days due to exceptionally
high zides
11/04/00 iKhaki Good 3 |Clearest it has been afl summer
- like when the fish died; no
seum - can see things on the
bottom in the channel as well
as along the banks — sediments
look dark
13/04/00 |Green Good 3 Clearest yet - no scum oz
bubbles - estuary very smelly
today
15/04/00 {Pale green Very small amount of pale Moderate 2

brown scum ar FG with a few

bubbles
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Monitoring of lish behaviour iy the lower reaches of the Vasse — Wonnerup Wetlands during the summer of 1999/2000

Appendix 5: Water Quality Downstream of the Vasse Floodgates

Vasse Colour Clarity Clarity Comments
Downstream Rating
DATE
16/12/99 Light olive green Poor I
18/12/99 (Olive green Poor I
20/12/99 |Pea-soup green Poor I
22/12/99 |Olive green Poor I
24/12/99 Coppery brown Moderate 2
26/12/99 (Olive green Moderate - poor 15
28/12/99 {Dark khaki green Moderate - goed 2.5
30/12/99 |Bright green Mederate 2
2/01/00  [Khaki green Good 3
3/01/00  |Light khaki green Maderate - good 2.5
4/01/00  |Khaki green Good 3
5/01/00  {Khaki green Moderate - good 2.5
6/01/00  |Khaki green Maoderate - good 2.5
7/01/00  |Dark khak: green Good 3 Clartty and colour appear very different
in the carly moming light
8/01/00 Dark khaki Good 3 Water cloudy with phytoplankion cells
visible in the imuinediate vicinity of FG
due o leakage flow from upstream
9/01/00  [Khaki green Moderate 2 Very noticable plume of bright green
phytoplankion leaking through FG is
reducing clavity
10/05/00 |Khaki green Moderate 2 Visibility poor in immediate vicinity of
{loodgates due 1w leakage [rom
upstream
IT/01/00 [Dark khaki green Moderate 2
12/01/00 iKhaki green Moderate 2
13/01/00 {Khaki green Moderate - good 2.5
14/01/00 Dark khaki Moderate 2 Clouds and wind make i difficult o
see water quality and fish
15/01/00 |Khaki green good - very good 3.5
16/01/00 [Khaki brown Moderate 2 Very visible dots of green
phytoplankron in the lee of FG
17/01/00 |Khaki green/brown Moderate - goad 285
18/01/00 {Khak: Good 3
19/01/00 {Khaki green Good 3
20/01/00 {Khaki green Good 3 Modezate in immediate vicinity of FG
due to leakage (rom upsirean
21/01/00 |Khaki green Moderate 2 Difficult o see because it is overcast
22/01/00 [Khaka Good 3 Moderate in immediate vicinity of FG
due 1o leakage from upstream
23/01/00 iKhaki green Moderate 2 Overcast - makes it more difficult
See Il watcer
24/01/00 [Khaki Moderate 2
25/01/00 [Khaki Moderate - good 2.5
26/01/00 [Khaki Moderate 2
27/01/00 [Khaki Goaed 3
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Monitering of fish behaviour in the lower reaches of the Vasse - Womnensp Weslands during the summer of 1999,/2000

Vasse Colour Clarity Clarity Comments
Downstrearm Rating
DATE
28/01/00 |Khaki green Good 3
29/01/00 |Khaki green Good 3
30/01/00 |Dark khaki Very good 4
31/01/00 |Khaki Very good 4
1/02/00 {Khaki Very good 4
2/02/00  {Clear Very goed 4
3/02/00 [muddy khaki Good 3 Moderate in immediate vicinity of FG
due wo leakage from upstream
4/02/00  |Dark khaki Moderate 2 Some scum washing through reverse
valve
5/02/00 |Dack khak: Moderate 2
6/02/00  |Dark khaki Moderare 2
7/02/00 Very dark khaki Moderate to good 2.5
8/02/00  {Khaki green Maoderate 2
9/02/00 murky khaki Moderate 2
10/02/00 |Khaki green {tinge of Moderate to poor 1.5
brown)
11/02/00 {Khaki brown Poor 1 Clarity poor in mmxmediate vicinity of
FG
12/02/00 |Olive brown Moderate 2
13/02/00 jOlive khaki Maoderate to good 2.5
14/02/00 |Khaks Moderate 2
15/02/00 |Khaki green Moaderate A
16/02/00 |Khaki Moderate z
17/02/00 1Clive brown Moderate 2
18/02/00 good - very good 3.5
19/02/00 |Khaki green Moderate 2
20/02/00 Good 3
23/02/00 iOlive green Moderate 2 Brighter than upstream
22/02/00 {Khaki green Moderate - good 2.5
23/02/00 {Khaki green Moderate 2
24/02/00 |Very clear Very good 4
25/02/00 |Very clear Very good 4
26/02/00 Bright green Poor H
27/02/00 |Olive green Poor i Visibility slightly betver than upstream
28/02/00 |Very clear Very good 4 Must have Fushed well with the tide
since yesterday — dramatic improvement
29/02/00 |Very clear Very good 4 Bubbles on susface along N bank for
>300m downstream — thick in the bay
just downstream of the FG
2/03/00 Very clear Very good 4
4/03/00  [Khaki Good 3 Moderate at FG due to leakage from
upstream
6/03/00  [Khaks Good 3
8/03/00  {Khaki green Moderate - good 2.5
10/03/00 Very clear Very good 4
12/03/00 milky pale green Moderate to good 2.5 Claricy worst in immediate vicinity of

FG due 1o leakage from upstream
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Monitoring of fish behaviowr in the lower reaches of the Vasse — Wonnerup Wetands during the sumimer of 1999/ 2000

Vasse Colour Clarity Clarity Comments
Downstream Rating
DATE
[4/03/00 [Clear Very good 4 Patches of bubbles on surface in middie
of channef and along N bank 200m
downstream
16/03/00 |Very clear Very good 4
18/03/00 |Very clear Very good 4
20/03/00 Very clear Very good 4
22/03/00 Very clear Very good 4
24/03/00 {Ofive green Very good 4 Bubbles along N bank
26/03/00 |Very clear Very good 4
28/03/00 |Very clear Very good 4
30/03/00 |Very clear Very good 4
1/04/00  |Khaki green Moderare 2 Small amount of bubbles in patches ro
200m downstream
3/04/00  |Khaki Good 3
5/04/00  [Khaki Good 3
7/04/00  [Khaki Very good 4 Small amount of stringy brown scum
with white froth along shore of bay
{windward shore)
9/04/00  |Khaki Good 3 Bubbles and pale brown stringy scum
along N bank for 200m+ downstream
[1/04/00 [Khaki green Moderate 1o good 2.5 Small dots of brown phyteplankion in
water coftzmn - small amount of pale
brown stringy scum blown down to FG
by wind
13/04/00 |Khaki Good 3 Bubbles alf along N bank
15/04/00 |Khaki Good 3
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Monitoring of [ish behaviour in the lower reaches of the Vasse — Wonnerup Wedands duaring the sunumer of 199972000

Appendix 6: Fish Activity and Behaviour at the Vasse Floodgates

Vasse Activity Upstream Behaviour Observed Activity Downstrearn Behaviour Observed
Floodgates | Rating Rating
DATE  {Upstream Downstream
16/12/99 1 Limited activity, {ew rises visible 0O No visible activily
inmediaely upsieam of flocdgares
18/12/99 I I farge fish swizl below surface, no I Tens of thousands of inch long juvenile
other activity fish actively swimming in a dense school
in leakage flow from upstream; few small
active fish swirls below surface in bay on
N side; T fish flash ~ T0cm fish
20/12/99 0 I dead mallet on bank - pardy 0 Tens of thousands of inch long juvenile
decomposed; no visible fish activity fish in a dense packed school from FG
boards to past old jetty: no visible lasger
fish acavity
22/12/99 I Few small swirds under surface 2 Small school of fish (<10} swimming
below surface - ripples visible; school of
fish swimming actively below surface in
bay on N side: thousands of inch long
suvenile fish darung around in leakage
flow ar FG boards
24/12/99 1 1 surface swizl 0 Hundreds of inch long juvenile fish
darting around in alf directions in shade
of ¥G; no larger fish activity
26/12/99 0 Tens of inch fong juvenile fish 4 Flimdreds of ~[0cm fong fish schooling
actively swimming alongside i a tight vortex, swimming very fast at
fringing vegetation St upstream; FG; school of tens of mullet - actively
no Jarger fish activity swizling below the surface and surfacing
[0m upstream, some ~10-L5em long
mullet jumping; school of tens of 10cm
long fish swimming in tight circles; school
of tens of muilet swimming in tight arcs
28/12/99 0 No vistble acuvity 3 Tens of thousands of inch long juvenile
fish in a dense packed school from FG
boards to past old jetty, all slow moving
facing south bank - no leakage cu; few
>40cm muller swimming slowly around
bay; 2 schools ol tens of 15-35¢m muliet
surfacing, swirling under surface, and
jl]]l1piilg 3],'0[”]& nlal‘gins Of- b:’l)’; "1' hcl’l'iﬂg
in bay
30/12/99 2 |Very large splashes; wakes of farge 0 Hundreds of inch long juvenile fish at
fish darting around below surface; FG; no larger fish activivy
few small surface rings; school of
tens of fish visible as ripples under
surface; commorant carching 4 - 5
cm long fish.
2/01/00 0 No visible activity 3 School of hundreds of mullet jumping,

splashing and swicling under surface;
thousands of inch long fish swimming

slowly behind FG and under old bridgc
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Monitoring of fish behaviour in the Jower reaches of the Vasse - Wonnerap Wedands dusmg the sumner of 1999 /2000

Vasse
Floodgates
DATE

Acuvity
Rating
Upstream

Upsiream Behaviotsr Observed

Activity
Rating
BPownstream

Downstream Behaviour Observed

3/01/00

[

Sporadic small swirls below surface;
a few inch long fish around pyions
and bank moving fast; T large fish
swirl and splash; 1 large mulle
>40cm swimming fast below

surface

4

~60 muller 15-25em schooling slowly
around behind FG boards; several schools
of ~50-150 mullet 15-30cm long actively
swimming; [ lavger fish predaring the edge
ol a school (bream)

4/01/00

Several fast swirls below surface 10
« 50m upstrearn; several ripples
below surface - fast moving fish
30m upstrean; several schools of
tens of muilet I5¢m long,
swimming very fast below surface
10 - L5m upstreany

Thousands of nch long juvenile fish
swirming against FG and banks (for
cover?Y; 4 schools of tens of mulier
splashing, regulacly surfacing and
swimming fast befow surface 10 - 50m
upstream; small nullet iumping regularly
everywhere from 10-200m+ upsircam;

5/01/00

0

Na visible activity

~40 muller <I10cm swinuming in tight
circles against each other ac FGs; ~100
mullec schoeling and surfacing ac FGs;
~200-300 10cm fong muller schooling in
the bay on the north bank

6/01/00

No visible activity

Fish umping and splashing in bay; many
surface tings in the channel to 300m
upstream; ~30 mullee I5om long jumping
and splashing 10m upstreany; hundreds of
&-10cm long fish in bay slowly schooling
and surfacing; tens of theusands of inch
long fish in bay

7/01/00

No visible activity

Several hundred mallet {15-25cm long)
surfacing and splashing 10m downsueam
of the FG; tens of thousands of inch fong
fish swimming vigorousty in rhe leakage

- ‘ - . .
flow from upstreant; many {ish jumping
downstream as il being predated

8/01/00

0

No visible activity

Several schools of hundreds of muilet
{>100 >20cm long) swriacing, splashing,
and jumping 10-T00m+ downstream;
wens of thousands of inch feng fish arcund
FG and oid bridge being heavily predated

9/01/00

0

1 dead mullet {(~20cm long)
floating 10 upstream; no visible
fish activiry

Tens of thousands of inch long juvenile
fish actively swimming in a dense school
in leakage flow from upstream; hundreds
of 15-20cm long muliet jumping,
splashing and surfacing from 10-150m
downstream - up o 2{ surface rings
visible at any time; more than 500 muller
{15-20em) swimming with their heads
just at the surface in a school ~ 30m

downstream
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Monitoring of fish behaviour in the lower reaches of the Vasse - Wornerup Wetlands during the summer of 1999/ 2000

Vasse
Floodgates
DATE

Activity
Rating

Upstream

Upstream Behaviour Observed

Activity
Rating

Downstream

Downstream Behaviour Observed

10/01/00

0

No visible acuvity

4

Hundreds of muller (to 20em) splashing
and surfacing from 10-200m
downstrearn; ~ 100 20cm fong mullet
jumping, splashing and surfacing en masse
{looks like feeding) 10 m downstream of
FG; tens of thousands of inch long
juvenile fish swimming in leakage flow
from upstream;

11/01/00

No visible activity

Many mullec > 20cm leng jumping and
splashing from PG o 100m downstream;
several schools of tens of small mullet

e . 5
{<I0cm long) swiminng under surlace
and jumping 10m downstreany;

12/01/00

0

No visible activity

Tens of thousands of inch o two inch
long juvenife fish being predated (jumping
en masse) 10m downstream in shaliows;
flashes of several larger fish in Deadwater
bay: mulley jumping very sporadically;

13/01/00

Nao visible activity

el

Mullet (~15cm long) jumping
sporadically {one at a time) ~50m
downstream; hundreds of inch leng
suvenile fish schooling behind FG

14/01/00

No visible activiy

[AS)

Qccasional ~10-15¢m mullet jumping
20-50m downstream {wind chop makes it
difficulc 1o see fish))

18/01/00

No visible acuvity

Mauallee (10 - 20cm long) jumping and
splashing everywhere from FG o 200m
downstream; most activity downstream of
old bridge; flashes of bream {~30¢m
long) around old bridge pylons

16/01/00

No visible activity

Mullet {10-20cm long) jumping
everpwhere from FG to 50m downsrream
{6 2o 10 fish visible ar any time); 3 very
Jarge mudlet £ 50cm long) swimining just
below surface; (lashes of bream on bottom

at FG

17/01/00

No visible activity

Mallet (13-20cm long) jumping
everywhere from FG o 200m
downstream (6 wo T0 fish visible av any
rme); tens of thousands of inch long
juvenile fish in Jeakage flow form
upsteeam; hundreds of mwilet {>20em
long) surfacing near old bridge;

18/01/00

No visible activity

Maullet jumping everywhere from FG o
300m upstrean; Lois of thousands of inch
long juvenile fish in leakage How;

19/01/00

No visibie acuvity

Mullet (<20 em long) jumping
everywhere from FG ro 100m
downstream (more than 15 visible au any
time - surface rings everywhere); tens of
thousands of inch long fish ‘pinheads’ in

leakage flow;
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Monitoring of fish bebaviour in the [ower reaches of the Vasse — Wonnerup Wedands during the summer of 1999 /2000

Vasse Activigy Upstream Behaviour Observed Activity Downstream Behaviour Observed

Floodgates | Rating Rating

DATE  |Upstream Downstreamn

20/01/00 0 No visible activity 4 Mullet jumping from 20-200m
downstream {~3 at one time); school of
tens of 15em long muber schooking below
surface downstream of old briduoe;

21/01/00 0 Nao visible activity 2 Very lew swirls below sutface and mullet
jumsing

22/01/00 0 No visible activity 1 TFew Spoz'z\dic rises and swicls under
surface

23/01/00 0 No visible activity 2 Thousands of pinheads in leakage flow;
very sporadic surface swirls and surface
l.']ﬂgs

24/01/00 0 No visible activity 2 Sporadic surface rings down channel,
from FG ro 200m downsureay; ripples of
small {ish schools below surface visible;
thousands of pmbeads jumping en masse
in leakage flow;

25/01/00 4 No visible activity 2 Tens of thousands of juvenile fish < 2"
long in leakage flow {rom upstream
dense for 10m; several large, sporadic fish
swirls below surface and splashes, 30m
downstreamy;

26/01/00 §] No visible activity 2 Tens of thousands of pinheads stering up
surface from FG 1o old bridge; sporadic
suclace swirls

27/01/00 2 Ripples of several fish schools; f One mullet jumping ac FG boards;

flashes of fish ~ 30cm at FG; thousands of pinheads i Jeakage flow —
couple of fish jumping difficulr to see activity because so choppy

28/01/00 2 Muller sporadically jumping, I Couple of surface sp]ashcs

splashing, swirling and swimming
fast umder surface from FG to 50m
upstream

29/01/00 3 Muller regularly jomping from 10 0 FHundreds of pinheads at FG; no ather

to J00m upstream - several jumps activity
at once {20-30cm fish); school of

tens of big muller (>40cm long

darting around below sinface

around FG pyions;

3N/01/00 1 I mullet jump, I splash 2 Flashes of large bream feeding on bridge
pylons; infrequent mudlet splashes 50-
100m downstrean:: few small surfaces 10
m downstream

31/01/00 2 Ripples of small school of mulket, 2 Sporadic smalt surface rings in bay; several

occasionally jumping and surfacing small bream feeding on each pylon
just upsteeam of the edge of the
scumm patch
1/02/00 2 Sporadic mulfe rises and jumps 2 ~ 20 black bream schooling right at gaps

>50m upstream - on edge of algal
scum

berween FG bays; mullet sporadicaily
gising [rom 20-200m+ upstreany;

pinheads behind FG;
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Monitoring of fish behaviour in the lower reaches of the Vasse - Womnerup Wetlands during the summer of 1999/ 2000

Vasse
Floodgates
DATE

Activity
Rating
Upstrean

Upstream Behaviour Observed

Activity
Rating
Downsizcarn

Downsiream Behaviour Observed

2/02/00

4

Fish surfacing everywhere; small
mullet jumping regularly 20-200m
+ upstreamy up w five surface rings
visible at any thme; large wake and
ripples

2

> 40 large black bream around pylons of
old bridge and behind FG: occasional
surface splash 20-40m upstream

3/02/00

Thousands of {ish present in
channe! - mullet jumping
everywhere and many aciive fast
swirls under surface, large schools
of fish from 10-200m+ upstream —
many around 15-20cm long

Thousands of pinheads and tens of black
bream around pylons; ~ 100 15am long
mutlet schooling and jumping I0m
downsiream

4/02/00

Mulfet jumping regularly 10-200m
upstream, mostly 15-20cm long, av
feast § fish visible av any tme

~ 30 black bream seethmg right behind
reverse valve; schools of tens of small
mulfes {~10 em long) near FG; occastonal
bt regular mullet surfaces ~ 200m

downsl:rcam

5/02/00

Mauller schooling, breaking surface
and jumping regularly from 10-
200m upstream - 6 rings visible at
any one time

Muller jumping everywhere 100-200:m
downstream; many splashes and surface
rings visible; ripples of Tast activity

6/02/00

Mullet jumping and splashing
vigorously everywhere from 5-
200m upstream; lots of acuivity 5-
50m upstreany; farge ripples of big
school Sm upstream

[0s of bream in outflow with 100s of
pinheads; occasional mwdlet splash

7/02/00

Mullet jumping regularly 10 -
130m upstream; mostly small fish
.{< I.S.qu); small repples; mostly
individual fish seen, no lazge school
MOVeInents

[0

103 of black bream around pylons; no
other fish

§/02/00

Mallet fumping and splashing
everywhere from 5-100m upsuream;
farge swirls; fast movements of
many fish under surface; at least 3-4
sarface rings and splashes visible at
once

105 of black bream around pylons; no
other fish

9/02/00

Occasional bug regular splashes of
muliet jumping and surfacing 10-
50m upstream; large school of
hundreds of muller dacting fast
below surface

~10 30cm black bream swimming against
gaps in FG and along pylons; very
occasional mullet swirl

10/02/00

Mullet (mostly small <IScm)
jumping everywhere from 10-300m
upstrearny; regutar splashes - at leasi
2 or 3 visible at any one ume

Maullet jumping regularly 300m
downstream; very sporadic swirls in bay

11/02/00

Sporadic mudlet jurnping and
surfacing 10-50m downstream

Very occasional surface rings and sporadic
mulet jumps 20-300m downstream

12/02/00

Ripples of small fish schoels 80-
100m upstream; egrets and
cormorants catching small fish
along banks T00m upstream; muliet
jumping very occasionally 20-40m

downstream

Regular mulfer jumps 20-200m+
downstrean; flashes of black bream right
in leakage flow upstream
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Monitoring of fish behaviour in the fower reaches of the Vasse — Wonnerup Wetlands during the summer of 1999,/2000

o The kill occurred I3 days afier the floodgates were last opened to release fish. following a severe bloom of blue-
green algae. Water quality appeared 1o visibly improve foilowing the opening en February 3.

o In the week prior to the kill, water quality in the estuary appeared to have been the best it had been since cariy
December. The water was becoming clearer, and appeared a coppery-brown to olive colour.

+  Bubbles and residual froth on the water surface was observed in the immediate vicinity of the floodgates {to 30 m
upstrean and along banks) for several days before the kill,

+  On the moming of the kil the water clarity was so good that the botrom was visible along the banks, the
sediment appeared black, and a sulpherous smell was observed close w the north bank, Bubbles were rising ar the
floodgates.

s The water in the Inlet (ie. downstream of the floodgates appeared much greener, the clarity was moderate (less
than 2 foot visibility), and phytoplankuon cells were visible in the water column,

Likely cause of fish deaths

«  Decoxygenation of the water appears to have been the cause of the fish deaths. As the water clarity had greatly
improved since the fish release conducted on February 3, iv is likely that deoxygenation was caused by algal bloom
decay, in conjunction with night-time respiration of phytoplankeon, (which had been steadily increasing in density
at the floodgates due to the considerable tidal leakage of water from the inler, which was visibly experiencing an
algal bioom at the ume). Respiration by the tens of thousands of fish present early on the Tuesday mormning
would alse have contributed to the lowering of oxygen levels.

o Observations made the previous afternoon indicate that fish were already oxygen stressed during the afterncon.
Leakage in of water from downstream was very rapid during the afternoon, due to the high head of water in the
inlet. This would have oxygenated the water in the immediate vicinity of the floodgates. As DO levels are rarely
abserved to fall below 50% sawuration during the day (due to phytoplankton photosynthesis - often causing
supersaturation upstream of the floodgates), ic is likely that the rate of benthic decay, and thus BOD, was
extremely high the previous afternoon.

s The BOD alone may not have been sufficient vo deoxygenate the water o critical levels, however, when combined
with night-time respiration of the phytoplankion, appears 1o have lowered the DO o critical fevels earfy on the
morning of the 159,

o When critical conditions were reached, the conditions were calm {no wind at all}, and leakage into the estuary
{rom upstream {which also oxygenates the water) had ceased several hours earlier.

o The fish deaths occurred in a very short space of time (all before the floodgates were opened), and those fish that
had not already died appeared to rapidly recover as the sun rose (photosynthetic oxygenation of the water was
oceurring), and the breeze freshened (oxygenates the water). Iv appeared that eritical levels of DO were overcome,
and the fish were recovering, before the floodgates were opened. It is likely that the number of deaths on the
Tuesday morning was not reduced by the opening of the floodgates at 0800 hrs. However the opening may have
prevented the death of many more {ish on subsequent mornings by allowing the escape of survivors.
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Menitoring of {ish behaviour in the lower reaches of the Vasse ~ Womnerap Wedands during the summer of 1999,/2000

Vasse
Floodgates
DATE

Activity
Rating
Upstream

Dpstream Behaviour Observed

Activity
Raung
Downstream

Downstream Behaviour Observed

13/02/00

3

Muller jumping regularly and
swizling under surface 10-200m
upstreary; onty [ or 2 visible at 2
ime; gaps of a couple of seconds
between; mostly small fish

3

Muller regularly jumping and swirling
under surface from FG wo 200m +
downstreamn; > 20 black bream swimming
nose o the gap in FG where the reverse
(lap is open

14/02/00

Many schools of tiny fish
{pinheads} breaking the surface and
jumping en masse; looks like a {ast
spray of drops across the surface; at
least 7 or 8 sprays at any time from
FG to 250m+ upstream; appears
like a very active feeding frenuzy
going on; regular mullet jumps from
FG 10 250m upstream

[

>50 black bream nose 1o the gap in the
FG boards where feaking upstream: no
other fish activity

15/02/00

4

Thousands of {ish schooling from
FG o 200m+ upscrean; flapping
on surface, jumping upside down,
{loating then sinking belly up;
flapping on surface sideways; wying
to put head above warer; very
stressed; several dozen dead and
many more dying; throwing
themselves agamst FG

Mullet regularly jumping 300m+
downstream

16/02/00

Mudlet jumping 100m downstream;
cormorants catching small mullet
100m downstream

Not recorded

17/02/00

No visible activity

>50 black bream nose to the gap in the
FG boards in feakage flow from upstream;
small muiler jumping right behind FG
boards occasionally; ~ 200 small maflet
(~13cm long) schooling berween bridge
and FG

18/02/00

Very occasional muliet splashes 20
— 30 m upstream; [5 <2" long fish
floating dead in corner near guage
board

Tens of black bream togedher with ~ 300
mullet schooling behind FG where reverse
flap is open, in the leakage flow from
upstream, some muliet jumping right out
of the water at the FG; no activity further
up the channel

19/02/00

QOceastonal muller jumping and
surfacing 20-50 m upstream; fast
splashes, one or two a minute then
none for a couple of minutes

School of tens of fish swimming slowly
below the surface ar the FG; couple of
splashes right at bay wheze leakage from
upstream is; regular jumps and splashes
200m + downstream

20/02/00

No visible actuvity

Mullet jumping and rising to the surface
very regularly from 30 to 250m +
upstreany; > 50 black bream in leakage
flow; ~ 100 mallet {zbout 15cm long)
schooling behind FG

21/02/00

Smali muller (~15em long)
jumping and splashing regulazly
from: 100-300m upstream (a couple

every minuie)

Schools of tens of nudlet jumping in small
bay 20m downstreany; large schools of
mullet jumping and surfacing from 100-
300m downstream (4 or 5 at any timc}}
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Menitoring of fish behaviour in the lower reaches of the Vasse - Wonnerup Wedands darmg the summer of 1999/2000

Vasse
Floodgates
DATE

Activity
Rating
Upstream

Upstream Behaviour Observed

Activity
Raiing
Downstream

Downstream Behaviour Observed

22/02/00

3

Mullet jumping and surfacing
regufarly 200m+ upscream - one or
two visible every minute

4

Many mullet jumping and surfacing from
30-250m+ upstream - several visible at
any moment; no activity near FGs

23/02/00

Very occasional mulles
surface/splash 250m upstream ~
0ne C\’(’l')’ ]TliﬂUlC QF 50

Mullet jumping and surfacing regularly
100m+ downstream - several each
minute; several schools of rens of small
mullet rippling surface in bay

24/02/00

({3

Mullet surfacing and jumping
sporadically 250m upsiream {one
Splach (’,Vel')’ COUPIC O[‘l]'lil'll][[‘.s); I
maliet surface 20m upstream

~20-30 simall mullet schooling ac FG;
muller surfacing regularly 300m+
downstream; ~30 black bream at gaps
between FG bays and avound old bridge
pylons

25/02/00

Wake of a farge {ish or fish scheol
20m upstream; very occasional
mullet jump and splash 250m+
upsteeam (c)nc Or {WG every mnute
or two )

~100 mullet nosing hard up agamst FG
at reverse flap valve, where leakage
downstream is grearest - mosrly nosing
under surface - very occasionally
surfacing; regular muller jumps and
surface splashes 200m+ downstream
(several visible at any time}

26/02/00

Muller sporadically jumping,
splashing and surfacing at FG-30m
upstream and also 200m upstream;
many flashes of farge school of big
maller {20-25em long) darting fast
below surface Sm upstream

>200 muller (~20am long) seeching i a
mass in the leakage flow from upstream —
looks like they want to go upsuweam!!!
Swimming fast - many flashes and
splashes

27/02/00

i~

Maullet trregudady suzfacing and
jumping 300m upstream {one or
two every couple of minutes); T
large, fast swirl inder the surface
20m upstream; no other activity

~500-1000 juvenile black bream {<13m
long) swimming slowly in leakage flow
and around bridge pylons; several schools
of hundreds of mullet schooling in tight
circles behind Qoodgates - shrunps
jumping out of the water between the
schools of fish; several thousand fish
present in the channel from the FG to
300m+ downstream - very high activity -
mullet surfacing, jumping and splashing
very regufarly - 2 or 3 visible at any time

28/02/00

Regular suzface rises and small fish
jumping from 20-200m+ upstream
- ar least 5 surface rings visible at
any time - aclivity more ﬁ-equcm‘
100m+ upstream

Mullet jumping and surfacing regulacly
from FG 1o 200m upstream - ac least five
surface rings visible at any time; ~100
black bream (~15-20cm long) nosing in
against gap in FG bays where reverse flap
is

29/02/00

Simall muliet genly surfacing and
swirding under the surface from 20-
300m+ upstream - few fish
jumping or splashing; many fish
present - at least five rings visible ac
once in each 100m of channel;
occasional splash and jump —

becoming more frequent

Muller surfacing frorm 30-300m
downstrean; surface rings visible
CVC]?}’“’]}C!’CC - IMQIe {:Ul'Lh(.’].' dO“’l'lSl'l'(“'Un;
accasional jump and splash; tens of black
bream along FG and around pylons
(mostly ~I5cm long)
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Menitoring of fish behaviour i the Tower reaches of the Vagse - Wonnerup Weslands during the summer of 1999,/2000

Vasse | Activity |  Upstream Behaviour Observed Activity Deownstream Behaviour Observed

Floodgates | Rating Rating

DATE  |Upstream Downstream )

2/03/00 O Few small pinheads jumping 3 ~80 black bream {10-20cm long)
individuaily 50-100m upswream; swimuming i gaps at FG; ~100 mullet
also small rises - only very small fish chopping up surface along south bank
visible 20m downstream: mullet occasionally

surfacing and jumping 200m+
downstream

4/03/00 3 Occasional mullet surfacing and 3 Seething mass of small mullec, ~500
Jumping from FG-200m+ upstrearn {al.‘ouud I15cm 1011g>, at FG bay where
- one or two every couple of leakage from upstream is greatest (reverse
minutes flap) - swimming hard up against boards

into flow, with their heads at or above the
surface {nov gasping)) - locks like they
really want to go back upsiream;
occasional jump and splash arcund 20m
downstream

6/03/00 2 Flashes of a school of ~40 mullet 3 Mullet jumping regularly 200m+
swimming fast below surface Sm downstzeany; no activity at FG; few small
upstream; no fish jumping furcher splashes 30m downstream; tens of black
upstreamn; thousands of pinheads bream around FG and bridge pylons
and palaemonid shrimps at FG

8/03/00 4 Large numbers of muller scheoling 4 Muflet jumping very regularly 200n1+
upstream of FG; at least thiee downstream - at least five visible av any
schools of 500-1000 muller {~15- Hme
30cm long} swimiming fast below
surface from 5-50um upstream —
many fast {lashes visible, many
jumping and surfacing en masse;
mutlet jumping everywhere up the
estuary channel, to 200m+
upstream {at least § visible at any
UJHC/!

10/03/00 3 Mullet junping occasionally 4 Muller regularly jumping 25-250m+
250m+ upstream {(a couple each downstream (several visible at any rime);
minute); one very fast splash at large school of muliet swimming just
surface near FG below surface and surfacing 25m

downstream

12/03/00 2 |Very occasional surfaces 200m+ 3 Regular mullet jumps and surfaces
upstream - couple of fish jumping 200m+ downstream - 3 to 4 visibe sone
and then none for a couple of minutes and then none at times
minules

14/03/00 4 Mouler regularly jumping and 4 ~150 black bream nosing hard up against
splashing from FG to 200m+ gaps in FG bay where reverse flap is;
upstream - mosdy small fish; >10 mullet regularly jumping I00m+
fish visible at any time - very active downstream, mostly small fish - several

visible at any time

16/03/00 4 Muller swirling under surface, 4 Many mullet jumping and surfacing

splashing and jumping from 3 wo
200m+ upstream - at least 10 w0 20
fish visible at any time; alt muller
jumping are small <[5cm long; very

active

200m+ downstream (in front of
Lockeville)
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Monitoring of fish behaviour i the lower reaches of the Vasse - Wonnerup Wedands during the sunmer of 199972000

Vasse Activity Upstream Behavious Observed Activity Downstream Behaviour Observed
Floodgates { Rating Rating
DATE  [Upstream Downstream
18/03/00 4 ~ 1000 big mullet {25em - long) 4 Mullet regularly jumping, splashing and
milling slowly below surface around surfacing 200m+ downstream; ~100
FG pylons; muller jumping regulacly ) bream at FG and around pylons
150m+ apstream - several visible at
a time - mostly smail fish; regular
surface splashes (one to five a
minute ) 20-30m upstream;
20/03/00 2 Very intermittent jumps and surface 2 Couple of small schools {40-60 fish) of
rises by mullet 70-200m upstreany; 1Sem long muller, schooling below
long perieds when nothing visibie surface (not rising) around old bridge;
very occasional spiasil 150m downstream
22/03/00 3 Regular rises and surfaces from 20- 3 Regular surfaces and occasional mulles
200m+ upstream - about one or jumping from 20-200m downstream - 4
WO A IMIfute; fargc school (ZOO*‘) or 5 each minute;
of large mullet schooling fast below
surface at FG - many fast flashes
visible
24/03/00 4 Thousands of mullet {around 25am 3 Muilet regularly jumping [00m+
long) schooling befow surface downstream - 6 to 8 per minute
behind FG pylons visible as fast
flashes - moderate to fast movement
bu[ nov Silfﬁ'l(:ing or jlll]]PiI]g;
smaller mullet surfacing and
jumping regularly from 20-150m
upstream - & to 10 fish visible at
all)’ tune
26/03/00 2 Very occasional surface rings visible 3 School of ~200 mullet swimming just
20-100m upstream; no other fish below surface, litde black dots of noses
activity, no fish jumping at all just breaking sutface, nov gasping or
stressed - appear 1o be feeding - darting
arcund and wriggling fast 20m upstream;
no other activity
28/03/00 3 Large school of muller (about 25em 3 ~300 small muller swimming with just
long) swimming back and forth the p of their noses above the water {not
across channel parallel w FG, 10- stressed or gasping }; occasional mullet
20 upsteeam - visible by flashes, jumping 150m-+ upsiream
fast moving, not surfacing or
jumping; cccasional {ish surfacing
and jumping 150m+ upsiream - 2
or 3 cach minute
30/03/00 3 School of hundreds of mullet (20- 4 Mudlet regularly jumping and surfacing
25cm fong) darting around below 150m+ downstream; school of about 250
surface under mat of algal scum at ouller swimming in a tight pack with just
FG - swimming very fast, surfacing their nose tips (maybe some fin (ips)
and jumping; muller surfacing, above the surface of the water, occasional
rising and jurping regularly in small splashes, 20m downstream
channel from FG o 200m
upstream - >12 cach minute
1/04/00 2 Irregular surfaces and fast swirs 3 Muliet jumping regularly IG0m+

below surface from 40-200m
upstream - no fish jumping; ripples
of fish moving fast below surface

50m upstream

downseream; ~200 muller (15¢m long)
swimming with the tips of their noses at
surface, accasionally jumping; black bream
around old bridpe pylons
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Maonitoring of fish behaviour in the lower reaches of the Vasse — Wonnerup Wetlands during the summer of 1999/2000

Vasse
Floodgates
DATE

Activity
Raung
Upstream

Upstream Behaviour Observed

Activity
Rating

Downstream

Downstream Behaviour QObserved

3/04/00

3

Irregular muller surfaces, jumps and
splashes from 25-250m upstream —
two or three visible each minute

3

School of ~50 2" long fuvenile fish at
FG; regular surfaces and splashes T00m
downstrean - up to 8 or 9 a minute

5/04/00

Irregufar mullet jurps 150m+
upstream - several fish jumping then
none {Or a I]‘.linut(‘f Or two; Sp()l’adi(.‘
surface splashes 58-100m upstream:
water surface very choppy, makes it
difficult vo see fish

Mullet jumping regularcly 150m+

downsteeam - =35 each minute

7/04/00

Regular surfaces and jumps by
mullet from FQG-250m+ upstream —
several every minute; surface ripples
of several fish schools darting
around very fast 10-15m upsiream
— where leakage of seawater is like a
waterfall

Thousands of mullet 25cm+ long,
schooling dewnstream from FG to at least
30m downstream - all swimming slowly
below surface, tuming on their side
{flashing), and circling in dense schools -
abviously want to go upstream with the
very high tide; occasional mullet jumps
and splashes 100m+ downstecam as well

9/04,/00

Crccasional maller surfacing and
jumping from FG w 200m+
apstream - around 5 a minute
visible

School of about 1000 muller swinuning
with the tips of their nases above water,
20m downstream; mullet regularly
jumping down channel

11/04/00

Couple of surface swids 25m
upstream; no other activity - water
surface very choppy due 1o strong
wind

[\%]

Very sporadic splash at surface 100mt
downstream; no mere than 2 a minute

13/04/00

Schools of bundreds of muflet
{many >40cm, most > 20¢m long)
swimming fast below surface from
FG to 50m+ upstream - many
flashes visible but no surface
activity; many small muller regudarly
sumping and splashing 150m
upstream

Several schools of hundreds of muller
swimming with the tips of their noses at
the surface (not gasping) in dense schools
in the bay on N bank; mullet regularly
surfacing and jumping 20-250m+
downstream

15/04/00

Large schools of mulles swimming
fast under surlace - large vipples,
occasional surfaces, splashes and
{ish jumping from 10-250m+
UPSU‘(‘)HITI

School of thousands of small mullet

(< 10cm long) swimming in  dens school
with just their noses on the surface,
occasionally rising and splashing:
thousands of muliet in the channel -
regularly rising, splashing and jumping
from 20-250m+ downsteeany; hundreds
of pmbeads schooling on surface near
bridge
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Monitoring of fish behaviour in the lower reaches of the Vasse — Wonnerup Wetlands during the summer of 1999/2000

Appendix 7: Waterbird Abundance Upstream of the Vasse Floodgates

Vasse
Floodgates
Upstream

DATE

Black Swan

Pacific Black Duck

Musk Duck
Hardhead ducks

All Ducks

Darter

Little Pied Cormorant

Littde Black Cormorant

All Cormorarits

Pelican
Nankeen Night Heron

White-faced Heron

Great Egret
Austcealian White This
Yellow-bitled Spoonbill

Silver Gull

7

Purple Swamphen
Dusky Moorhen

Caspian Tern

Common Tern

White-bellied Sea Eagle

P

TOTAL

16/12/99

—

Pt

18/12/99

20/12/99

22/12/99

24/12/99

10

—
(%)

26/12/99

IV YT [P

28/12/99

30/12/99

—

2/01/00

3/01/00

el B il R

4/01/00

5/01/00

6/01/00

Pt o= =] e 0 —

IR AR AR

7/01/00

6

I

o

8/01/00

—

9/01/00

10/01/00

11/01/00

12/01/00

]Sl

13/01/00

n

14/01/00

—
oo

15/01/00

o

16/01/00

17/01/00

Dok | Lo

18/01/00

19/01/00

&)

ot

20/01/00

21/01,/00

22/01/00

I~

23/01/00

Cofta|

24/01/00

25/01/00

v ool w |

26/01/00

27/01/00

28/01/00

29/01/00

IR AN el B B B e K

30/01/00

31/01/00

1/02/00

2/02/00
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Monitoring of fish behaviour in the lower reaches of the Vasse — Wonnerup Werdands during the sumamer of 1999/2000

Vasse ™ - L= o

i'jloodgatcs - P g g " g 5 v @ 5. . L%D
UPSL]'emn 5 Q"‘ = |’ 4 E g g % :U Q .g a = HE" 5 % b o 3
Sl 81Tt s (8IS e elBls I |9 G IG|8Imin 2=
S Tlalziy ElelF el Z el (gl=s 8 8|
B 228z gldiElelE glslg 20 lilElglo
2 |H i< B2 g Y Gle S E 19 |5 2141282

2% 2|8 o |2 = g 1=V @ 8180817

x| £ F Tl O(EIE] (28] (&2 T2

DATE 3|5 z |7 < 12 =
3/02/00 6 6 1 13
4/02/00 5 5
5/02,/00 I I I Il 1 5
6/02/00 5 2 i )
7/02/00 36 3 2 i 15
8/02/00 4 1 5
9/02/00 i 30 31
10/02/00 e 5
11/02/00 2 Il 4 15 4 26
12/02/00 [ 2 8 1 1 2 | 16
13/02/00 i 34 35
14,/02/00 3 I I 7
15/02/00 40 I I 50
16/02/00 3 401 8l 40 20 150 2010 278
17/02/00 40 2 30 1 4 41
18/02/00 6 12 it 29
19/02/00) 17 i 2 2 24
20/02/00] 12 8 7 3 30
217027000 2] 5 7101 1 2 3 21
22/02/00] 2 I 3 3 9
23/02/000 & 6
24/02/00 32 5
25/02/00 2 201 1 6
26/02/00 i I
27/02/00 4 2 i i 2 2 2 14
28/02/00 i I3 I 3 2 15
29/02/00 3 i 2 [ 7
2/03/00 4| 1 I I 2 9
4/03/00 4 2 i I 8
&/03/00 7 2{ 100 000 I 2 I 214
8/03/00 8 3 20 2] 1 1 i 18
10/03/00 I 3 [ I 7
12/03/000 If 2| I 2 I4 1 21
14/03/000 11 3| 2 4 I i 11 i 2 17
16/03/00 2 20 1T 2 8
[8/03/00 2003 2 i 3 1 2 14
20/03/00] 1 3 2 1 I 4 2
22/03/00] 1 3 3 i 2 2 12
24/03/00 1 2 3 2 i 4 1 14
26/03/00 oI i 1 2 &
28/03/00 2 i 1 4
30/03/00] 1 { I I 4
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Monitoring of fish behaviour in the [ower reaches of the Vasse — Wonnerup Wedands during the sumumer of 1995 /2000

DATE

Vasse
Floodgates
Upstream

8
8
IG
IT

28

3
5
7
)

1/04/00
3/04/00
3/04/00
7/04/00
9/04/00
11/04/00
13/G4/00
15/04/00




Monitoring of fish behaviour in the lower reaches of the Vasse - Wonnerup Wedands during the sumimer ol 1999/ 2000

Appendix 8: Waterbird Abundance Downstreamn of the Vasse Floodgates

Vasse.
Floodgates

Downstreami .

DATE

Pacific Black Duck

Musk Duck

All Ducks

Darver

Lirtle Pied Cormorant

Lirtde Black Cormorant

All Cormorants

Pelican

Nankeen Night Heron

White-faced Heron

Grear Bgret

Australian White Ibis

Silver Gull

Purple Swamphen

TOTAL

16/12/99

18/12/99

20/12/99

22/12/99

24712799

26/12/99

28/12/99

— 2o | —

30/12/99

2/01/00

3/01/00

4/01/00

5/01/00

6/01/00

7/01/00

3/01/00

9/01/00

10/01/00

11/01/00

12/01/00

13/01/00

14/01/00

15/01/00

Eakl ol S Rl WU KOUR Sand SPEN Rl N SR i

16/01/00

—
L

17/01/00

$—t

18/01/00

st

19/01/00

20/01/00

wi o

21/01/00

o~

22/01/00

23/01/00

24/01/00

25/01/00

el Lt Rl B

26/01/00

| |

27/01/00

28/01/00

29/01/00

30/01/00

31/01/00

1/02/00

fae BT Rl Harl BUSY ROEY o030 SRR RSV [ SR OS]

2/02/00

g
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Monitoring of fish behaviour in the lower reaches of the Vasse - Wonnerup Wedlands during the sunumer of 1999/2000

Vasse
Floodgates
Downstream

DATE

Pacific Black Duck

Musk Duck

All Ducks

Darter

Little Pied Cormorant

Litdle Black Commorant
All Cormoranzs

Pelican

Nankeen Night Heren

Whirte-faced Heron

Great Egret

Australian White Ibis

Silver Gull

Purple Swamphen

TOTAL

3/02/00

4/02/00

5/02/00

6/02/00

7/02/00

8/02/00

9/02,/00

14/02/00

11/02/00

12/02/00

13/02/00

14/02/00

15/02/00

16/02/00

17/02/00

18/02/00

19/02/00

20/02/00

olw|lolc|lojla|lolo| =] —{oial O] | S @]

21/02/00

22/02/00

—
fe]

23/02/00

—
=

24/02/00

LN

25/02/00

[3%]

26/02/00

27/02/00

28/02/00

29/02/00

2/03/00

4/03/00

6/03/00

8/03/00

=i OS]~

10/03/00

=

12/03/00

14/03/00

[FER RS

16/03/00

o]

18/03/00

[N¥]

20/03/00

22/03/00

24703700

26/03/00

28/03/00

| Ot i —

30/03/00
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Monitoring of fish behaviour in the lower reaches of the Vasse — Wonnerup Wetlands during the summer ol 1999/ 2000

= hard = )
Vasse - E E - 8 & £ g
Floodgates | & ¥y g g § % f b 2 = i’—‘fﬂ- 3
Downstream % A g g |8 1S g § 1% v & § v 2 ﬁ
& g [ g vy - g 3 z \E =1 g g US-J @]
o Z =] g & ) o =1 i 2 = o & ~
& = =5 & pra et 8 & G} d “ B
2 g 18 |7 EE g &
DATE 3 |5 Z 7 <
1/04/00 I i
3/04/00 3 I 4
5/04/0G 1 1
7/04/00 I 1
9/04/00 I !
11/04/00 I I
13/04/00 G
15/04/00 6
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Monitoring of (ish behaviour m the lower reaches of the Vasse — Wonnerup Wetlands during the summer of 199972000

Appendix 9: Weather Conditions and Time of Inspections at the Wonnerup Floodgates

Wonnerup Time Wind Wind Strength Cloud Comments
Floodgates Direction
DATE
16/12/99 430 SE Fresh
18/12/99 1410 S5W Moderate
20/12/99 1440 SwW Moderate
22712799 1450 SW Moderate
24/12/99 1430 E Moderate - Fresh
26/12/99 1425 SW Moderate
28/12/99 1440 SW Moderate
30/12/99 I1SI4 E Fresh 100%
2/01/00 1425 SE Moderate - Fresh
3/01/00 1425 NE Fresh - Strong
4/01/00 1400 NE Light - Moderate
5/01/00 1430 SW Moderate - Fresh
6,/01/00 1430 NE Light - Moderate
7/01/00 645 E Light - Moderate
8/01/00 645 Calm
9/01/00 G55 E Light
10/01/00 645 SE Light Overcast
11/01/00 630 SW Calm - Very Light Overcast
12/01/00 630 SE Moderate Overcast  {Cool wind
13/01/00 640 ENE Moderate
14/01/00 635 E Strong Unseasoral cold, windy and rainy
day
15/01/00 640 SE Moderate - Fresh Qvercast | Cold and rainy - wind 1o freshen
16/01/00 G55 SE Light Heavy rain on the cape this
motning - thousands of swallows
flying around
17/01/00 640 Calm
18/01/00 640 NE Light
19/01/00 635 SE Light
20/01/00 705 SE Moderate Wind freshening quickly
21/01/00 650 SE Moderate - Fresh
22/01/00 645 E/INE Strong Very overcast |Rainy
23/01/00 630 NE Strong WVery overcast |Rain considerably yesterday
24/01/00 640 SE Light
25/01/00 640 SE Light
26/01/00 635 SE Moderate
27/01/00 6355 E/NE Fresh-Strong Gusts Very choppy
28/01/00 640 NE Fresh With Surong
Gusts
29/01/00 655 NE Light - Mederate Wind freshening
30/01/00 633 SE Light - Moderate
31/01/00 635 SE Light
1/02/00 715 Calm Cloud cover

rapidly
ncreasing
from the south




Meonitoring of ish behaviour in the [ower reaches of the Vasse - Wonnerop Wetlands during the summer of 1999/ 2000

‘Wonnerup Time Wind Wind Strength Cloud Comments
Floodgates Direction
DATE
2702700 635 E Calm - Very Lighe Cloud on
horizon - afl
" divections
3702700 | 645 E Very Light
4/02/00 655 s Very Light
5/02/00 635 SE Light
6/02/00 633 NE Maderate
7/02/00 634 NE Light To Moderate >935%
8/02/00 645 S5/5W Strong >90% Some drizzle early this moming
9/02,/00 645 SE Moderate To Fresh | <5% cloud to | Wind quickly freshening
south
10/02/00 703 E/SE Light
11/02/00 633 S/SE Moderawe
12/02/00 655 E/NE Fresh With Strong
Gusts
13/02/00 640 NE Light
14/02/00 700 SE Light
15/02/00 700 E Light
16/02/00 630 Calm
17/02/00 650 SE Light
18/02/00 645 S/SE Moderate - Fresh
19/02./00 635 SE/S Moderate ley cold wind - freshening
20/02/00 645 E Moderate - Fresh Choppy on upstream side
Gusts
21/02/00 735 NE Calm - Very Light
22,/02/00 655 Calm ~10% Cloud cover increasing - alveady
windy and raining in
Dunsborough
23/02/00 740 NE Light >00%
24/02/00 700 Calm
25/02/00 700 SE Calm - Light
26/02/00 710 Calm
27/02/00 710 NE Light - Moderate Wind quickly freshening
28/02/00 640 Calm ~20% Cloud o the NE
29/02/00 630 Calm 70%
2/03/00 645 E Calm - Light ~40% Cloud 1o the south
4/03/00 645 E Moderate To Fresh Freshening quickly - water surface
very choppy
6/03/00 7035 NE Moderate
8/03/00 730 E Light To Moderate
10/03/00 715 SE Strong To Gale 100% Raining - under mfluence of TC
Steve
12/03/00 6335 S/SE Light To Moderate [00%
14/03/00 710 E Light Wind freshening
16/03/00 700 Calra
I18/03/00 720 NE Light To Moderate
20/03/00 715 NE Light To Moderate 20%
22/03/00 655 E/SE Calm - Very Light
24/03/00 710 ENE Light
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Monitoring of fish behaviour in the lower reaches of the Vasse -~ Wonnerup Wedands during the smnmer of 199972000

Wonnerup Time Wind ‘Wind Strength Cloud Comments
Floodgates Direction
DATE
26/03/00 710 S/SE Light
28/03/00 725 B Calm - Very Light
30/03/00 730 E Very Light
1/04/00 745 SE Light - Moderate
3/04/00 300 E Fresh To Strong Wind freshened fast
5/04/00 743 E/NE Strong To Gale Water surface very choppy
7/04/00 755 NB Light 90% Such a high tide that water is
overtopping ail stopboards - like a
waterfall at each bay - sworm surge?
9/04/00 755 E Moderate Very fast rorrent of water leaking
in ﬁga“]
[1,/04/00 755 N/NwW Fresh To Strong 70% Raming
13/04/00 755 Variable Calnm: - Light 70% Front approaching from SW
15/04/00 740 Calm




Menitoring of fish behaviour in the lower reaches of the Vasse — Wonnerup Wetlands during the summer of 199972000

Appendix {0: Depth and Flow Measurements at the Wonnerup Floodgates

Wonnerup | Upstream | Downsiream Flow Flow Rate Observed Flow Rating
Floodgates Depth Depth Direction
DATE Observed Observed Qbserved )
16/12/99 0.38 0.37 Downscream [Gentle leakage -1
18/12/99 0.36 0.36 Upstream  |Very gentle leakage 0.5
20/12/99 0.35 0.35 Upstream  {Gentfe w moderate {where stop 1.5
boards missing)
22/12/99 0.35 0.35 Upstream | Very gentle feakage - may be wind 0.5
driven

24/12/99 0.35 0.35 Upstrean  |Very gentle leakage 0.5
26/12/99 0.3 0.24 Downsuream |Moderate [eakage -2
28/12/99 0.3 0.31 Downstrearn {Moderate leakage -2
30/12/99 0.3 (.34 Upsteam  {Moderate leakage 2
2/01/00 0.36 0.4 Upsuream  {Fast leakage 3
3/01/00 0.26 0.3 Upstream  {Moderate leakage 2
4/01/00 0.25 0.35 Upswrean  [Fast leakage 3
5/01/00 0.24 0.32 Upstream  |[Moderate leakage 2
5/01/00 0.23 0.3 Upstream  [Gentle leakage I
7/01/00 0.23 0.13 Downstream | Moderate leakage -2
8/01/00 0.22 0.17 Downstream: |Gentle leakage -1
9/01/00 0.22 0.16 Downstream |Genude leakage -1
10/01/00 0.22 0.14 Downstream |Gentle leakage -1
11/01/00 021 0.24 Upsiream  |Gentle leakage I
12/01/00 0.19 0.28 Upsteeam  Gen te Jeakage I
13/01/00 0.2 0.22 Upstream  Gentle leakage I
14/01/00 0.19 0.22 Upstreamn  (Gende to moderate leakage 1.5
15/01/00 0.22 0.2 Downsiream | Very gentle leakage 0.5
16/01/00 0.21 0.22 Upstream [Gentle leakage I
17/01/00 0.21 0.14 Downstream |Gentle leakage -1
18/01/00 0.2 0.13 Downstream |Moderate leakage .2
19/01/00 0.2 0.15 Downstream |Moderare leakage -2
20/01/00 0.19 M 0.03 Downsuream |Fast leakage -3
21/01/00 0.18 M I1.310 Downstream | Moderate leakage -2
22/01/00 0.2 M 1.265 Downstream |Moderate - fast -2.5
23/01/00 0.21 M 1.I90 Downstream | Moderate leakage -2
24/01/00 .17 M 1.150 Downsweam |Gentde leakage -1
25/01/00 .16 M 1170 Downstream |Gentle leakage -1
26/01/00 .15 M 1.120 Downsuream |Very gende leakage -0.5
27/01/00 0.18 M 1.220 Downstream |Moderate -2
28/01/00 0.16 M 1.170 Downstream [Moderare -2
29/01/00 0.15 0.27 Upstream Moderate feakage 2
30/01/00 0.13 0.25 Upstream | Gentle 1
31/01/00 0.1I5 0.28 Upstzeam | Moderare 2
1/02/00 0.14 M 1.070 Upstream  |Gentle leakage 1
2/02/00 0.13 M 1.130 None Slack water 0
3/02/00 0.13 M 1.155 Upstream  Very gende 0.5
4/02/00 0.11 031 Downsiream Very gentle 0.5
5/02/00 0.1 0.01 Downstream [Fast leakage -3
6/02/00 0.1 0.06 Downstream iModerace -2




Monitoring of (ish behaviour in the lower reaches of the Vasse - Wonnerup Wetlands during the summer off 1999/2000

Womnerup | Upsweam | Downstream Flow Flow Rate Observed Flow Rating
Floodgates Depth Depth Direction
DATE Observed Observed Observed

7/02/00 0.1 0.1 Upsteam  [Moderate 2
8/02/00 0.08 0.13 Upstream | Moderate 2
9/02,/00 0.08 0.1 Upstream | Very gentle 0.5
10/02/00 0.07 0.03 Downsiream 1 Gentde to moderarte -1.5
11/02/00 0.06 Q Downstream [Moderate -2
12/02/00 007 M 1310 Downstream |Fast leakage -3
13/02/00 0.05 0.08 Upstream  [Genile 1
14/02/0¢ 0.04 0.14 Upstream  |Fast leakage 3
15/02/00 .03 0.1 Upstream  [Genule leakage I
16/02/00 0.03 M 1.2530 Uspstream  [Very Gentle 0.5
17/02/00 0.02 0.04 Upstream  {Very Gentle 0.5
18/02/00 0.02 M 1.250 Upstream  |Genile leakage

19/02/00 0.01 M 1.330 Downstream [Moderate - fast -2.5
20/02/00 0.01 Q None Not discernible ]
21/02/00 0 0.18 Upstream  {Moderate leakage 2
22/02/00 0 0.1 Upstream  {Moderate leakage 2
23/02/00 0 0.22 Upstream  [Moderate - fast 2.3
24/02/00 O 0.1 Upstream  [Moderate leakage z
25/02/00 -0.02 Q0 None not discernible 0
26/02/00 -0.02 -0.05 Downstream: | Very gente -0.5
27/02/00 -0.02 .02 Upstream  [Very gentle leakage 0.5
28/02/00 -0.02 0.07 Upsteeam  |Fast leakage
29/02/00 -0.03 0.2 Upstream  |Fast feakage

2/03/00 004 0.01 Upstream  |Gentle - moderate leakage I.5
4/03/00 -0.04 -0.07 Upstream | Gentle feakage I
6/03/00 -0.03 0.25 Upstrean  [Moderate to fast 2.5
8/03/00 0.04 0.38 Upstream {Fast leakage 3
10/03/00 -0.02 0.17 Upstream  {Moderate to fast 2.3
12/03/00 003 0.2 Upsteeam {Moderate o fast 2.5
14/03/00 -0.03 0.05 Upstream Moderate leakage 2
16/03,/00 -0.03 0.1 Upstream | Moderate 2
18/03/00 -0.04 0 Upstream  |Gentle leakage 1
20/03/00 -0.04 0.26 Upstream  |Fast leakage 3
22/03/00 -0.04 0.26 Upstream  [Fast leakage 3
24/03/00 -0.04 0.35 Upstream  |Fast leakage 3
26/03/00 -0.05 0.34 Upstream  [Fase leakage 3
28/03/00 -0.04 0.17 Upstream  [Fast leakage 3
30/03/00 004 0.11 Upstream | Fast leakage 3
1/04/00 -0.04 0.3 Upsteeam | Very fast 3
3/04/00 004 0.26 Upstream | Moderate 2
5/04/00 002 0.24 Upstream  |Fast feakage 3
7/04/00 -0.03 0.57 Upstream  |Very Fast 3
9/04/00 -0.04 0.49 Upstream | Very fast 3
11/04/00 -0.04 0.53 Upstream  |Very fast 3
13/04/00 -0.04 0.32 Upstream Moderate A
15/04/00 -0.03 0.24 Upstream  |Gentle o moderate 15

PLEASE NOTE: M refers to a depth measurement taken from a specific point to the water suzface, these are not calibrated depths.
Alll other readings are depths {m ATID) read from the installed gauge boards,
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Monitoring of fish behaviour in the lower reaches of the Vasse - Wonnerup Wetdands during the sammer of 1999/ 2000

Appendix I'l: Water Quality Upstreamn of the Wonnerup Floodgates

Womnerup|  Colour Scum Clarity | Clarity Comments
Upstream Rating
Dare
16/12/9% {Brown Small amount of Ruppia Moderate 1o 1.5
marting at FG pPOGY
18/12/99 |Brown - green Poor I
20/12/99 {Brown Poor i
22/12/99 |Brown - green Moderate w 1.5
poar
24/12/99 10Okhve brown Blue-green coloured spongy | Poor —very 0.5
algal scum floating in water poor
column atongside bank
26/12/99 |Qlive brown Some blue-green coloured Poor 1
spongy scum along banks -
not on surface - floating
mid-water
28/12/9% [Brown - green Yellowy-green coloured Poor I
filamentous growth on
prlons, spongy green algal
growth on banks
30/12/99 {Brown Poor — very 0.5
poor
2/01/00 {Brown - alive Poor I
3/01/00 {Light olive Poor —very § 0.5
brown poor
4/01/00 |Brown Poor I
5/01/00 [Brown Spongy scum below surf ace Poor I
along both banks
G/01/00 |Brown Spongy scum along banks Paor 1
7/01/00 Coppery brown  [Some Ruppia scom ar FG Very poor 0
8/01/00 iBrown Switls of light brown and Very poor 0
green scum on surface to
20m upstream - looks fike
marbled pamt
/01,700 {Olive brown Light green surface film — Very poor ¢ iSurface bloom confined w 10
locks like green o1l paint m upstream of FG
marbled over brown water
10/01/00 iOlive brown Light green surface film Very poot 0 Marbled bioom on surface to
tooks like green oil paine about: 20 m upstream
marbled over brown water;
some Rappia scum at FG
11/01/00 (Brown Pale green surface film — Very poor 0
looks marbled
12/01/00 [Olive brown Small amount of pale green | Very poor 0
surface film along east bank
and corner of FG only
13/01/00 |Qlive brown Vety poor 0 No scum or phytopiankton
swirls visible - all hemogenous
today
14/01/00 {Olive brown Very poor 0
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Menitoring of fish behaviour in the fower reaches of the Vasse — Womnerup Wetlands during the stmmer of 1999/ 2000

Wonnerup|  Colour Scum Clarity | Clarity Comments
Upstream Rating
Date
15/01/00 |Olive brown Poor - very 0.5
poor
16/01/00 {Olive brown Olive brown oily looking Very poor O iNil visibility - water is mottled
scum appearing on surface at with dows of phytoplankton
F(3 and on leeward bank appearing
17/01/00 Khaki brown Swirls of pale green/ brown Very poor 0 Nl wisibility - bioom thick for
phytoplankron skin on at feast 50 m upstream — water
surface - marbled and starting o smell
mottled looking
18/01/00 |Surface covered Zero visibility 0 Rloom confined o 10 m
by shiny pale upstream of FG
olive green oily
surlace Film with
small dark khaki
paiches
19/01/00 iOlive Bright green surface filim — Very poor 0 Water looks more brown up
gr&‘cn/bsfown tooks like a paint skin channel and green at FG
20/01/00 |OQlive brown Small amount of pale Very poor 0 Nil vistbifity — phyroplankton
green/brown film on surface swirls becoming visible
21/01/00 |Brown Very poor 0 Fiiamentous cladophora or
chacromorpha sp. on banks
(ID: Dr. Anne Breavley UWAS
22/01/00 JKhaki - brown Very poor 0 Hard to see because its grey
and overcast, very choppy
23/01/00 {Olive brown Poor - very 0.5 |All homogenous after wind
poor
24/01/00 |Bright green Phytoplankton flocculating Very poor 0 Nil visibility - bloomn thickest
together (wind is pushing up for I¢ m upstream
against FG) to form a
surface film
25/01/00 {Dark khak: with |Pale green shiny film - looksi Very pacr 0 Bloom most severe [rom FG o
large patches of  [like paine skin — where 15 m upsiream - surface film
pale green bloom has been blown up cortfined o first 3 m only;
phytoplankcon  fagains: FG
bloom
26/01/00 |Olive Paor I Clarity has fmproved - can see
green/ brown fifamentous chlorophyte
growth on pylons
27/01/00 {Olive green Poor - very 0.3 [Can see about 10 cminto
poor water - heavy algal growth on
pylons and banks
28/01/00 {Olive green Dark grcen/ black scum Poor I Considerable filamentous algal
forming at FG and along growth on pylons and along
banks banks
29/01/00 {Olive green Bright green and olive Poor I Small amoeunt of Ruppia scuny;

spongy scum at I'G and

along banks

huge amount of filamentous
algal growth on submerged
structures; water is clearing a
Lietle, although lots of
phytopiankion cells siill visible

in watey
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Monitaring of fish behaviour in the fower reaches of the Vasse — Wonmerup Wedands during the sunmer of 1999/ 2000

Womnerup Colour Scum Clarity | Clanity Comments
Upstream Rating
Date
30/01/00 |Mosdy olive Several types of scum visible: Poor I Scum confined o 4 m
green one produces olive green upstream of FG; sediment
long strings (>30cm long surlace appears to have also
and 2mm wide; against FG risen i small pacches
boards; another produces
bright green paine-skin like
film on surface: another
produces bright green
spongy scum along banks for
> 25m and at FG;
31/01/0G iKhaki Bright green "paint skin” Very poor 0 Bloom: confined to 20 m
bloom forming against FG - upstream although skin on
small amount of dark khaki surface for only 3 m upstrean
sporgy scum around FG and
along bank
1/02/00 |Olive green with Poor - very (.5 |Thick for 20 m upstream
bright green poaoT
phytoplankcon
swizls
2/02/00 |Dark khaki green [Bright green paine-like scom Poor H Can sec¢ about 10 cm into
{some stringy) at FG; water - spongy and filamentous
algal growth on pylons and
banks
3/02/00 {Dark olive Pale green sirings or lines Poor 1
brown with pale jvisible - perpendicuiar 1o
green wind as cells aggregate
phytoplankton  |rogether
vistble
4/02/00 |Pale mitky green Moderate to | 2.5 | Water much clearer on
good upsreeam side, clearest day this
sununNer
5/02/00 {Brown Moderate 2
6/02/00 |Brown Moderate 2
7/02/00 |Khaki Moderate to 2.5
good
8/02/00 |Olive brown Moderate 2
9/02/00 |Olive brown Moderate to 1.5
poor
10/02/00 {Olive brown Poor I Considerable filamentous green
algal growth on pylons and
banks; residual bubbles and
froth on surface at FG; water
quality rapidly dereriorating
11/02/00 |Dark brown Small amount of very stringy Poar 1
brown scum with froth on
windward shore
12/02/00 [Olive brown Moderate 2 Clarity improving slightly
13/02/00 1Coppery brown Moderate 2
14/02/00 |{Olive green Small amount of very stringy ! Moderate to | 2.5 {Lots of bright green cyan
pale brown scum ar FG only good filamentous algae growth on

{looks like long spaghetti}

pylons (~20cm chick)
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Monitoring of fish behaviour in the lower reaches of the Vasse

— Wonnerup Wetlands during the summer of 1999 /2000

Wonnerup|  Colour Scum Clarity | Clasity Comments
Upstream Rating
Date
15/02/00 [Olive brown Moderate 2
16/02/00 |Khaki Small amount of'lslzringy Good 3 Bubbles on surface for 40 m
brown scum upstream; water slightly more
cloudy on windward (INW)
shore
17/02/00 {Khali green Moderate 2 Froth collecting on surface in
windward comer
18/02/00 [Khaki green Good
19/02/00 |Light khaki Small amount of bubbles Goad
and fong stingy brown scum
in N corner
20/02/00 |Milky khaki Good 3 Sinall amount of bubbles on
surface from FG 1o 5m
UPSLTC;H'D
21/02/00 {Pale milky green Very pood 4
22/02/00 |Pale mitky green Very good 4 Can see botom for a long way
upstream - bubbles rising all
along shores - fish oil all over
surface at FG
23/02/00 [Very clear Very good 4 [Bubbles on surface along banks
{1-3 {oou wide) for 200m
apstream, and arcund FG and
pylons
24/02/00 |Pale khaki - very Very good 4 |Bubbles and beige/brown
clear {roth on water surface around
FG - also all along banks
25/02/00 |Pale milky green |Small amount of pale brown Good 3 [Bubbles on surface - thick at
stringy scum at FG FG in gauge board corner
26/02/00 [Milky khaki Good-very 3.5 {Small amount of froth in gauge
green good board comer — greener than in
previous days: Chris Webb
{WRC Bunbury) and Jim Lane
oxygen profile the channel
today
27/02/00 |Qlive green Moderate to 2.5 |Cloudy but can see shapes on
wood bottom
28/02/00 |Light olive green Good 3 |no bloom developing like at
Vasse - can see fish and the
botrom
29/02/00 [Light olive Good 3 |Water surface looks very oily -
smells fishy
2/03/00 {Dack khaki Moderate to | 2.5 |Can only just sce botwom
good today; bubbles on surface in
gauge board comer
1/03/00  |Dark khaki Moderate 2
6/03/00 {Mostly clear but {Some Ruppia scum at FG Good 3 Very clear where salt warer
olive green tinge leaking in
i places
&/03/00 |Light khaki Seme Ruppia scum ar FG Good tovery| 3.5 {Bright vellow-green

good

filamentous algae growing
attached along both banks
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Monitoring of fish behaviour in the lower reaches of the Viasse -

Wonnerup Wedlands during the summer of 1999/2000

Wonnerup|  Colour Scum Clarity | Clary Comments

Upstream Rating

Date

10/03/00 {Ofive green Moderaze 2

12/03/00 |Clear Veiy good 4 [Very clear because of a few
days of fast leakage into the
estuary?

14/03/00 |Green Good 3 Bubbles on surface in a dense
band along FG for 3m
upstream

16/03/00 |Milky green Good 3 Dense bubbles on surface {rom
FG o 15m upstream

18/03/00 {Pale miiky Khaki {Very small amount of shiny { Very good 4 Bubbles on sarface at FG

pale brown long swingy
scum on surface at FG

20/03/00 |Very clear {pale Very good 4

green tinge)

22/03/00 Very clear Very good 4

24/03/00 Very clear Spongy <hlorophyte scum Very goad 4 Residual froth and bubbles

along banks building up on surface ar FG

26/03/00 |Very clear {khaki Very good 4

tinge)

28/03/00 Very clear Small amoumne of brown Very good 4 1Small amount of bubbles at

stringy scum at FG FG

30/03/00 [Olive green Simall amount of brown Very geod 4

stringy seum at FG - packs
together vo Form an oily film
- covered in bubbles

1/04/00 |Khaki Film of brown stringy scum | Moderaic to | 2.5 {Bubbles at FG

ar FG good

3/04/00 iKhaki green Good 3 MNo scum or bubbles

5/04/00 |Light khaki vinge Good 3

7/04/00 |Clear Some small patches of light | Very good 4

brown scum at FG

9/04/00 |Khaki Thin surface film of pale Good 3 |Some Ruppia and spongy

brown stringy scum ac FG green alpae scum along banks

[1/04/00 Exceptionally Very good 4 Ne scum at floodgates; spongy

clear green chlorophyte for 1-2 foot
along both banks

13/04/00 |Light khaki Very mood 4

15/04/00 |Clear Very good 4
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Monitoring of {ish behaviour in the [ower reaches of the Vasse - Wonnerup Wetlands during the sammer of 1999/2000

Appendix 12: Water Quality Downstream of the Wonnerup Floodgates

Wonnenup Colour Scom Clanty Clarity Comnments
Downstreamn Rating
DATE .
16/12/99 |Green - brown  [Small amount of Ruppia Moaoderate 2
matmg at FG
18/12/99 |Olive green Moderate 2
20/12/99 IGreen - brown Moderate 2
22/12/99 iBrown - green Moderate - i3
poor
24/12/99 (Brown Moderate 2
26/12/99 |Olive brown Light chocolate brown scum | Moderate 2
on surface at FG
28/12/99 |Khaki green White and brown scum on Good 3
surface
30/12/99 |Khaki green Moderate — | 2.5
good
2/01/00 {¥hak: green Goaod 3
3/01/00 {Light khaki green Good 3
4/01/00 |Pale khaki Good 3
5/01/00 |Pale mulky green Moderate 2
6/01/00 |Pale milky green Moderace 2
7/0G1/00 {Cloudy khaki Moderate 2
green
8/01/00 |Dark khaki Good 3
9/01/00 [Khaki green Moderate 2 Visibifity reduced by leakage
of water {from upstream
10/01/0G {Khaki preen Poor — 1.5
moderate
[I/01/00 |N/a N/a
12/01/00 |Khala green Goad 3
13/01/00 |Khaki green Good - very 35
good
14/01/00 |Khaki brown Good 3
15/01/00 |Clear Very good 4 jCan sce dewails on botwom —
even in shade
16/01/00 |Khaki Very good 4
17/01/00 Good 3 1Difficulr 1o see colour
18/01/00 iKhaki Good 3
19/01/00 iClear Wery good 4
20/01/00 1Dark khaki Good 3
21/01/00 |Khaki Good 3 moderate inn immediate vicinity
of FG due to leakage from
upstream
22/01/00 (Khaki Good k maoderace in immediate vicinity
of FG due to leakage [rom
upsiream
23/01/00 Khaki brown Moderarcto ] 2.5
good
24/01/00 {N/a N/a
25/01/00 Khaki Goed 3
26/01/00 |Khaki Very good 4
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Monitoring of fish behaviour in the lower reaches of the Vasse - Wennerup Wetdands during the sunwner of 1999/2000

Wonnerup Colour Scum Clarity Clarity Comments
Downstream Rating
DATE
27/01/00 [Khak: green Good 3
28/01/00 {Khaki green Very good 4
29/01/00 |Clear Very good 4
30/01/00 |Clear Very good 4
31/01/00 |Khaki in shade Very good 4
1/02/00 Khaki Very good 4
2/02/00 {Khaki Very good 4
3/02/00 [Khak: Very good 4
4/02/00 |Cloudy khaki Very small amount of shiny Good 3
green yellow-green coloured scum
on surface av FG boards
5/02/00 {Khaki Moderate to | 2.5
good
6/02/00 |Dark khaki Moderate o 2.5
good
7/02/00 |Paler khaki Very good 4
8/02/00 iKhaki green Very good 4
9/02/00 {Milky khaki Very good 4
green (quite
clear)
10/02/00 {Clear Very good 4
11/02/00 [Muarky khaki Moderate 2
12/02/00 |Olive brown Goad 3
13/02/00 |Clear Very good 4
14/02/00 iClear WVery good 4
15/02/00 [Clear Very good 4
16/02/00 {Very clear Very good 4
17/02/00 Very clear Very good 4
18/02/00 |Very clear Very good 4
19/02/00 Very clear Very good 4
20/02/00 |Very cleas Very good 4
21/02/00 |Milky green Good 3
22./02/00 Very clear Very good 4
23/02/00 |Very clear Very good 4
24/02/00 Very clear Very good 4
25/02/00 {Very clear Very good 4
26/02/00 Slightly cloudy Very good 4
green
27/02/00 Very clear Very good 4
28/02/00 |Olive green Good 3
29/02/00 |Very clear Very good 4
2/03/00 Very clear Very good 4
4/03/00 |Very clear Very good 4
6/03/00 [Dark khaki Good - very 335
good
8/03/00 (Pale milky khak: Good - very 3.5
good
10/03/00 {Very clear Very good 4
12/03/00 Very clear Very good 4
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Monitoring of fish behaviowr in the lower reaches of the Vasse — Wonnerap Wetlands during the sununer of 1999/2000

Wonnerup Colour Scum Clarity Clarity Comments
Downstream Raung
DATE

14/03/00 [Green (tinge) Very good 4
16/03/00 |Very clear WVery good 4
18/03/00 |Very clear Very good 4
20/03/00 Very clear Very good 4
22/03/00 {Very clear Very good 4
24/03/00 [Very clear Very good 4
26/03/00 |Very clear Very good 4
28/03/00 |Very clear Very good 4
30/03/00 iKhaki green Very good 4

1/04/00 {Mitky green Good 3

3/04/00 (Khaki Very good 4

5/04/00 |Khak: Very good 4

7/04/00 |Very clear Very pood 4

9/04/00 |Khaki Very chin film of motiled Very good 4

pale brown scum at FG and
under bridge
11/04/00 |Clear {khaki Very good 4
tinge)

13/04/00 |Clear Very good 4
15/04/00 {Clear Very good 4
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Monitoring of fish behaviour in the lower reaches of the Vasse ~ Wonnerup Wetlands during the summer of 1999/2000

Appendix 13: Fish Activity and Behaviour at the Wonnerup Floodgates

Wonnerup | Activity Upstream Fish Behaviour Activity Downstream Fish Bebaviour
Floodgates { Rating Rating
DATE | Upstream Downstream

16/12/99 0 No visible activity 0 No visible activity

18/12/99 2 More than ten >40cm nuwdlet, actively 0 No visible activity
swimming, swirling under surface,
from FG to [5m upsireann, some have
several scales missing; more than 50
~10cm juvenile sea mullet actively
feeding on visible schools of
palaemonid shrimps at FG boards.

20/12/99 1 2 small swirls below surface at FG; 1 0 Hundreds of inch long juvenile fish
small switl [5m upstreany; hundreds schocling tightly in shade of bridge: no
of inch long juvenile fish schooling larger fish activiy
immediately behind FG boards;
hundreds of palacmonid shrimp
visible at FG boards also; 1 larger {ish
swirl

22/12/99 2 School of tens of mullet <135¢m, 2 Few lazger fish swirls under surface
sporadically swirling fast under downstream of bridge
surface; Water Corp technicians
working on FG may have scared the
fish away.

24/12/99 0 2 juvenile fish swimming around 3 Hundreds of inch long juvenile fish
pylons; no larger fish activity swimming slowly in shade of bridge;

school hundreds of mudlet feeding on
bourom av bridge; I mullet jumping in
Deadwater Bay

26/12/99 I I ~15em muller swirling below 2 Tens of thousands of inch long fry
surface; 1 ~[0cm maller jumping; 1 dartng around i all directions from
swirl below surface; few inch long fry FG 1o 10m downstream of bridge;
in shade of gates school of tens of 20cm long mullet

actively swinuming

28/12/99 I Large fish swirl below surface a1 FG; 3 School of hundreds of [5-20cm long
surface splash av FG; T large mullec fish downstream of bridge
swirming fast befow surface; many
inch long juvenile fry at FG boards

30/12/99 0 No visible activity 3 Tens of inch long juvenile fish slowly

schooling behind FG (swimming
paratlel to boards, very slow}: 2 x
schools of hundreds of mullet 10 ~
[5cm long lying sill ~T foor below
sucface {off bridge); occasional flash
visibie

2/01/00 I School of tens of {5cm fong muilet 3 Tens of thousands of inch long juvenile

darting under surface I0m upstream.

fish from FG back to past the bridge
swimming slowly around; tens of bream
loliing around bridge pylons: schoal of
tens of muller surfacing and splashing

15m downstream
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Monitoring of fish behavioar in the lower reaches of the Vasse — Wonnerup Weilands during the summer of 199972000

‘Wonnerup
Floodgates
DATE

Activity
Rating
Upstream

Upstream Fish Bebaviour

Activity
Rating
Downstream

Downstrearn Fish Behavioor

3/01/00

G

Ne visible activity

4

Tens of thousands of inch long juvenile
schooling very slowly at FG and in
shade of bridge; tens of bream feeding
{probably on palaemonid shrimps)
around pylens of bridge; several schools
tens to hundreds of mullet in deadwarer
bay and shallows upstream of bridge;
school of ~20 10cm long fish with
biack tail tps - look like herring

4/01/00

Sporadic surfaces 10 - 20m upstream;
several fish moving fast below surface
- visible as ripples;~15 10-15em
mulfet darting back and forth below
surface 20m upstreamy,

School (around 100) of juvenile railor
chasing mullet and smaller fish in
shallows 20m downstream; mufler
jumping everywhere; hundreds of I3cm
]ong muliet swimming under bridg(‘;
rens of thousands of inch long juvenide
fish swimming against FG; thousands
of 8-10cm long mullet schooling,
jumping and splashing n shallows 20m
downstream;

5/01/00

No visible activity

I 30cm breamn {lash at FGs: wens of
thousands of inch long fish ac FG
boards and under bridge; ~100 6-
10cm muiler swimming paralie] w FGs;
several mullet jumping; ~20 10-15cm
long tailor darting up [rom botrom near
bridge; ~20cm fong mullet surfacing
near banks 30m downstream.

6/01/00

No visible activity

Tens of thousands of inch long fish
from FG to the other side of the bridge;
no adult fish activity although choppy
water surface makes it difficult to see

7/01/00

No visible activity

Theusands of inch fong fish swimming
actively in leakage flow; hundreds of
small mufler { 10-15em long) jumping
and splashing (several at a time)
everywhere in shallows downstream

&/01/00

Few sporadic swirls below surface, one
at a rime

Thousands of inch long fish in leakage
flow; more than 100 large mullet
{(=20cm) swimming slowly under
surface 10m downstream; several
schools of hundreds of smalf mullet
(<10em) surfacing and splashing in
shallows downstream of bridge; many
small mullet jumping in Deadwater bay

$/01,/00

No visible activity

Tens of thousands of inch long juvenile
fish in leakage flow from upstream;
several schools of less than 100 mullet
i each, different size classes in
different schools (schools of ~6em,
15cm and 25 cm long (ish), surfacing
sporadically and swimming fast below
the surface; smaller mutler splashing
and surfacing in shallows;
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Monitoring of fish behaviowr in the lower reaches of the Vasse — Wonnerap Wetlands during the summer of 199972000

Wonnerup
Floodgates
DATE

Acuvity
Raung
Upstream

Upstream Fish Behaviour

Activity
Rating

Downstream

Downstream Fish Behaviour

[0/01/00

0

No visibie activity

3

Sporadic mullet surfaces and splashes in
Deadwater bay and for 50m upstream;
more than 100 13an long muller
surfacing 20 downsiream; small fish
{<I0cm} jumping en masse;

11/01/00

No visible acuivity

Several schools of tens of small mullet
{<¥0cm long) swimming last below

surface and sporadically surfacing and
splashing form [{-100m downstream;

12/01/00

[A]

Sporadic swirls under surface and
ripples of small fish school along SW
bank

Flashes of small bream around bridge
prions; one mulet jumping at FG
boards {trying o go upstrean?y; ripples
of school of tens of small muller I5m
dowsstream; several small fish jumping
around 60m downstream;

13/01/00

No visible acuivity

Hundreds of inch long juvenile fish
behind FG - jumping en masse {being
predated); 5 unidentified silver fish ~
20cm long darting around below
surface;

I4/01/00

No visible activity

Large bream around bridge pylons; tens
of thousands of mch long fish beoween
G and bridge

15/01/00

No visible activiry

Tens of thousands of inch long fish
swimming slowly between FG and
bridge pylons; T lacger fish (~ 40 cm —
not mullet) darting across bottom

16/01/00

0

No visible activigy

Tens of thousands of inch long fish
behind FG; 6 large bream {20-30cm)
around bridge pylons; ripples of {ish
school visible S0m downstream; very
occasional fish swirl and jump 150m
downstream

17/01/00

No visibie activity

Sporadic smatl muiler jumping in
Deadwater bay and 100m downscreany
farge scheol of 2 inch long fish jumping
50m downstreamy;

18/01/00

No visible activiey

Schools of tens of small maller {~T0cm
fong) sucfacing in shallows downstream
of bridge; ripples of one fish school
visible

19/01/00

No visible activity

Hundreds of mullet (15-20cm long)
schooling on bottom, surfacing, and
splashing in shallows 20-25m
downstreas; many small fish jumping
in Deadwater bay; large wake/ ripples
of big fish school below surface

20/01/00

No visible activity

Small muller { 10-15cm Jong ) jumping
in Deadwarter bay and in shallows 1o
150m downstream; ripples of several
fish schools visible

21/01/00

0

No visible activity

3%

Sporadic surface swirls only
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Monitoring of fish behaviour iy the lower reaches of the Vasse — Wonnerup Wetlands during the sunmer of 1999/2000

Wonnerup
Floodgates
DATE

Activity
Raung
Upstream

Upstream Fish Behaviour

Activity
Raung
Downstream

Downstream Fish Behaviour

22/01/00

0

No visible acuvity

2

Tens of thousands of pinheads in
leakage flow; sporadic ripples on
surface of farger fish schools

23/61/00

No visible acrivicy

Ripples of several fish schools visible —
difficuit wo distinguish due to wind
chop

24/01/00

Nao visible activity

Tens of thousands of pinheads in
leakage (ow; occasional surface rings
and ripples of larger fish schoof visible:
simall muller {<10em} jumping S0m
downstream

25/01/00

4 surface rings in 15 minuces

Ripples of school of mulley,
accasionally fumping (small fish
<I0em) and splashing 100m
downstream;

26/01/00

No visible acrivity

Tens of thousands of pinbeads behind
FG and under bridge; ripples of several
small fish schools 50-150m
downsuream; sporadic surface rings

27/01/00

Ne visible activicy

Schoof of tens of mullet jumping;
sporadic surface rings and splashes
around 5Cm downstream

28/01/00

No visible activity

Mullet jumping regularly T00m
downstrearn - chop making it difficolt
£ see fish

29/01/00

0

No visthie activigy

Spiashes and fish jumping sporadically
in Deadwater channel; small maullet very
occasionally jumping 10 and 00m
dewnsueany, ripples of small scheol of
fish visible 20m downstream; ~ 30
small tilor (juvenile - 15em jong)
jumping away from predator en masse —
20m downstrean;

30/01/00

Mullet surfacing and swirling un
surface, S0m upstream; maullet
jumping [0m upscream

der

Schools of tens of small mutler (~I8em
loag; surfacing in shallows downstream
of bridge; regular rises 50-100m
downstrcam

31/01/00

Mullec regularly jumping, surfacing

and splashing from 20 w 50m

upstream; school of tens of muller

breaking the surface en masse 10
upstream;

im

Large school of muller regularly
splashing and surfacing 20m
downstream; school of hundreds of
I()c“m long mullet splashing and
surfacing near bridge

1/02/00

Very large [ish swirls below sucface av

FG; ~50 20-25 cm long muller

schooling fast through phytoplankion

ac FG; many very active switls and

ripples visible; mullet jumping

occasionally up to 200m upsirea

111

Mullet jumping sporadically from 50-
200m+ downstream; several schools
visible as surface ripples
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Monitoring of {ish behaviour in the Jower reaches of the Vasse — Wonnerup Wetlands during the sumimer of 1999/2000

Wonnerup | Activity Upstream Fish Behaviour Activity Downstream Fish Bebaviour
Floodgates | Rauing Rating
DATE | Upstream Downstream

2/02/00 ¢] No visible activity 3 Several splashes and surfaces in
Deadwater Bay; mullet jumping
spomdica{iy > 100m downstream:
schools of tens of small muller junping
and swirling around under surface 30m
downstream;

3/02/00 3 Mullet jumping sporadically 10-100m 3 Mullet jumping and surfacing
upstream, more frequently around sporadically in Deadwater and along
200m upstream banks mostly; tens of small muilet

actively swimming under surface

4/02/00 4 Greater than 300 20-50cm {ong 4 100s of small railor {to T5am)
mullet schooling very stowly along schooling from bridge downstreany;
bottom - not surfacing; mullet mullet jumping and surfacing regularly;
jumping and surfacing regularly from 10s of black bream and sea crumpeter
flocdgate to 300m upstream avound pylons under bridge

5/02/00 2 Sporadic fish splashes; ripples of simall 4 Mullet jumping, splashing, swirling fast
schools under surface; several schools visible at

once; fish being chased and chopping
up surface in farge schools

6/02/00 2 Oceasional mallet splash 20-50m 4 Swirls and surface vipples of several
upstream large schools of small muller (<135cm

long) mosdy 20-30m downseream;
several fast splashes or runs as if being
chased

7/02/00 3 Mullet jumping sporadically; one 3 Muller jusmping; school of ~20 small
school of ~ 10 >40cm mullet mullet jumping en masse; regular
schooling at FG ripples and sprays ag fish predated

8/02/00 2 ~20 >40cm long muller schooling 2 Ripples of large fish school visible in
around FG: particularly bay where lee of wind
stopboards are missing; no other fish
activity

9/02/00 3 Sporadic mutler jurmps and splashes 2 Occasional mullet jumping and swirling
10-50m upstream; ~20 very large fast under surface i Deadwater bay
{(30-40cm+) mullet schooling at FG
bay with boards missing

10/02/00 4 Regular muller jumps from FG o 3 Muller jumping regularly in Deadwater
250mt upstream; one every five bay and from 20-150m + downstream;
seconds or so; flashes of large school accasional whole school rippling up
of mullet {(~T00) schooling below surface with fast movements 23-40m
surface at FG downstream in shallows

11/02/700 0 No visible activity 3 Small muller schools rippling surface

100- 150m downstream: occasional
surface ring and splash and very small
muller jumping in shallows 30m
downstream and in Deadwater bay

12/02/00 0 No visible activity 0 no visible activity

13/02/700 2 Flashes of ~20 mullet (25¢m long) 2 Occasional muller swirls and jumps in

swimming fast under surface 3m

upstreany; very occasional muallet jump

Deadwater bay; mosty smail fish
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Monitorimg of fish behaviour in the lower reaches of the Vasse —- Wonnerup Wedands during the summer of 1999/2000

Wonnerup | Activity Upstreamn Fish Behaviour Activity Downsiream Fish Behaviour
Floodgates | Rating Rating
DATE  |Upstream Downstream

14/02/00 3 Occasional mullet splash, jump and 3 ~ 100 mudlec (15-20cm long) jumping
swirl under surface from 30-80m an¢t swirling under surface in shallows
upstream; ~ 100 muller (~15¢m long} and Deadwater bay; regular activity 30-
schooling slowly at FG in saline in 100m downsiream
flow; ripples of maller schools 200m
upstream

15/02/00 2 Occasional muller flash at FG in bay 3 Regular mallet jumps in Deadwater bay
where boards missing; sporadic splash and in shallows 50m downstream
and jumps from FG-T00m upstream

16/02/00 3 ~200 fish schooling in frong of bay 4 Mulfet jumping undemeath bridge
where boards missing - range in size regularly; tens of small maller and
from 15-40cm+; mullet occasionally yeltow-tail perch schooling behind FG;
breaking surface and jumping from many muallet regularly breaking surface
40-200m upstream and less frequently jumping in

Deadwater Bay and I00m downstream

17/02/00 4 6-700 large muller (~25cm fong) 4 Large schools of mullet rippling surface
schooling on botom right av FG in m deadwater bay and shalfows just
bay where boards missing - nor downstream of bridge; occasional
jumping - not breaking the surface; jumps and splashes; wake of very large
further along FG another 500 mullet fish at bridge
{~15cm long) displaying same
behaviour

18/02/00 3 ~100 muier (15-20cm long) 3 ~100 mullet schooling and splashing in
schooling 10m upstream; very shallows 30m downstream; schools of
accasional mallet jumping and tens of small mullet swimming fust
surfacing T00-200m upstream under surface 10m downstream

19/02/00 3 Regular muller jumping and splashing 4 Mullet jumping under bridge; mulfet
from 10-100m upstream mostly along splashes and surface rings in Deadwater
SW bank - a couple jumping each bay and shallows on SW side 20-50m
minute downstream

20/02/00 4 ~T000 mallet >25¢m long schooling 3 Regular small muliet surfaces and
along all bays of the FG, not jumping umps in Deadwater bay and shallows
and not surfacing, swimming stowly; along both banks to 100m+
regular jumps and splashes from 10- downstream
200m upsteeam (several cach minute)

21/02/00 -3 > 1000 lazge muller (30cm + long) 3 Schools of tens of maliet in shallows

schooling in a seething mass at FG
where boards missing and seawater
leaking in; probably another 1000
milling around FG, none surfﬂcing or
splashing: very occasional splash (<1
every 3 or 4 minutes)

30m downstream and in Deadwater bay
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Monitoring of fish behaviowr in the lower reaches of the Vasse — Wonnerup Welands during the sunumer of 199972000

Wonnerup
Foodgates
DATE

Activity
Rating
Upstream

Upstream Fish Behaviour

Activi Ly
Raung

Downstream

Downsiream Fish Behaviour

22/02/00

-3

~§00-1000 large muller (>25cm -
many 35emt [ong) milling around
behind the FGs, occasionally breaking
the surface with tails or fins; fish
surfacing and jumping regulariy
{several visible av a time) from 10-
250t upstream; by 7.15am muller
are seething in a mass nose o the FG
boards (they definitely look like they
want Lo go out) in one bay - thick
enough L scoup up many witl: a
SCOOp Net; Most activity seen here to
date - thousands of large fish in the
channel coday, many hundreds of
small fish as well

4

Several large schools of smalf mudlet

rippling surface and jumping in
Deadwater bay and in shallows 20-
150m upstream; rens of black bream
around pylons and bridge struciure

23/02/00

-3

Around 1000 muller 20-30cmt
milling around FG and pylons,
regularly splashing and surfacing,
swimming vigorously from the FG 1o
200m+ upstreamy; ~ 100 large muilet
nosing hard up agamst bay where
stopboards aze loose (the velease bay)
in a seething mass; Jim Black (Tocal
fisherman) caught 3 smali bream from
between the seething mass of mullet
{who wouldn't take a bait} - all had
very red gills

Ripples of several fish schools in
shallows and in Deadwater bay;
occasional mullet jumping

24/02/00

2000 muliet schooling at FG from
(10-40cm+), surfacing and splashing
regularly {several cvery minute ;
seething mass of the lazgest mullet (all
30cmt) at FG where seawater leaking
upstrearn; large number of pinheads

above FG also

Ripples of 6 large schocls of fish below
surface in shaflows 60m-+ downstream
and in Deadwater bay; mullet regularly
famping and surfacing - many patches
of fish visible av any time

25/02/00

-3

~200 large muller (30cm+ long)
milling slowly along the botiom
between the pylons - not surfacing,
not havd up against FG boards though
either; ~200 small muoller {10-I5em
long) swimming with their heads
above the surface 4m upstream; tens
of thousands of pinheads stowly
nulling on surface - occasional ‘sprays'
across surface becoming more regular;
=>5000 ~15cm long mutler milling
slowly below the surface; many very
small mulier heads on the surface o
[00m upstream, no muller jumping or
surfacing at all; as wind {reshens and
surface of water becomes more
rippled, number of heads above

surface reduced and then stopped

Very smafl muller regularly surfacing in
Deadwater bay and in shallows for
200m upstream - most just surfacing
only (not juruping or splashing) - more
than § surface rings visible at any
msiant




Monitoring of {ish behaviour in the lower reaches of the Vasse — Wonnerup Welands during che summer of 199972000

Wonnerap
Floodgates
DATE

Activity
Rating
Upstream

Upstream Fish Behaviour

Acuivity
Rating
Downstream

Downstream Fish Behaviour

26/02/00

4

Behaviour much more active than the
fast few days - thousands of pinheads
swimming slowly on surface at FG
(short darts across surface ) mulle
regularly junping from FG w 100m+
upstream {12 per minute)) - mostly
very small fish (~15cm long) - very
active looking; ~500-T000 muller
(~25cm Jong) schooling at FG pylons
and swimnming fast below the surface
—many flashes;

2

Ripples of small mullet school in
Deadwarter entrance channel; no fish
jumping or surfacing

27/02/00

~1000 mullet {arcund IScm Jong) in
vwo schools at FG and around pylons,
occasionally breaking surface and
splashirig, swimming fast; pirheads
swimming i short fase dasts ar FG

Mullet sucfacing at FG; several small
yellowtail perch near guage board; large
school of mullet {thousands) rippling
surface, rising, and splashing in
shatlows S0m downstream; regelar rises
(surfaces) in Deadwater bay {several
each minute)

28/02/00

>2000 small muller (~15em long)
and >200 small black bream
swimming fast under surface - very
actively - at FG and arcund pylons;
many smal muller jumping and
surfacing down the channel from the
FG - 200art upstream - at least five
surface rings visible at any time; no
fish swimming right in fast leakage
flow - much more active than last
week

Mullet surfacing and jumping
everywhere from FG ro 200m+
downstream - greatest activity in
shallows 100m downstream and in
Deadwaser bay - at least 5 surface rings
visible at any time

29/02/00

>3000 very small mudler {10-T5em
long’; actively swimming i fast
feakage flow from FG o 20m
apstream (though not swimming hard
up against FG boards) - very active —
spiashing, surﬁiciﬁg and jumping;
occasional splash further upstream

~800 mullet (around 20an long)
schooling along FG - fast swimming
{flashes visible), splashes and jumps;
ripples of mullet schools in shallows ro
50m upstream and in Deadwater bay:
occasional fish jumping

2/03/00

Massive bird feeding frenzy; several
thousand muller, mostly around I5em
long, schooling very actively from FG
to J0Om upstream - swimming very
fast, many flashes; regular surface rises,
splashes and jumps - > 10 surface
rings visible each minute;

Very occasional surface ring in
Deadwater bay {one o1 two a minu te);
ripples and surface rings of very srmall
{ish in shallows of Deadwater bay; no
fish jumping

4/03/060

Very occasional mullet jumping 30-
40m upstream

Very accasional mullet jumping and
surfacing in Deadwater bay - one or
two every five minates
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Monitoring of fish behaviour in the lower reaches of the Vasse - Wonmerup Wetlands during the stummer of 199972000

Wonnerup
Floodgates
DATE

Activity
Rating
Upstream

Upstream Fish Behaviour

Activity
Rating

Downstream

Downstream Fish Behaviour

6/03/00

4

~ 350 uniform size small black bream
{~¥5cm Jong) schooling ar FG: school
of hundreds of mullet breaking surface
en masse 20m upstream; school of
hundreds of large muller (> 30cm
long) swimming fast around FG
pylons but not surfacing: small mullet
jumping sporadically 1o S0m upsueam

3

Gecasional mullet jumping in
Deadwater bay and in shallows 30m
upstream {one every Mmute Or $¢

8/03/00

~200 large muller (30cm+ long)
schooling hard up against FG boards
where inflow greatest; schools of
around a hundred mutet (either I5am
or 30em long - all in schools of same
size fish) swimming fast below
surface 10m upstream, only very
occasional surfaces;

Oceasional muliet splashing and
jumping in Deadwater bay - one every
few minutes: ~50 small mullet
swimming below surface in shallows
20m downstream

10/03/00

8]

Sporadic mullet jumps 200m
upstream {a couple and then none for
a few minutes); no fsh at FG ay all

Twa schools of ~300 muller each ~
occasionally surfacing and jumping 50-
70m downstream

12/03/00

Mullet jumping everywhere from 10-
200m+ upstream - many f1sh visible
above water at any momene; 30 very
large muiler (>40cm long) swimming
very fast around FG pylons - very
active

No visibie activity

14/03/00

~1000 large mullet (30cm+ long)
scheoling around FG, swimming fast
ander surface. occasionally jumping
bug not surfacing; many smaller fish
regularly jamping and splashing from

30-100m upstream

Mullet occasionally swirling under
sucface and surfacing i Deadwater bay
and in shallows along SE bank

16/03/00

Small mulfet regularly rising and
jumping [00m+ upstream - at feast 3
or 4 visible at any time

Mullet sporadically surfacing m
Deadwater bay and in shallows 1o
100m downstream

18/03/00

Mullet regularly jumping everywhere

from 10-200m+ upstream - up o [0
visible ar a ume - dozens each minute;
several smalf schools (50-100 fish) of
mullet milling fast around FG pylons

Muller surfacing regulacly in Deadwater
bay - 2 or 3 at a time; few ripples in
shallows 100m downstream

20/03/00

QOccastonal run of smalf mullec
jumping and splashing 50-100m
upstream - 3 or 4 splashes then none
for a couple of minutes; ~ 100 black
bream schooling slowly, almost
stationary, around FG pylons

Very occasional surlace ring visible,
otherwise no vistble activity

22/03/00

Regular small surface rises 40-100m
upstream - approximately five visible
at any time; school of arcund 40 large
mullet swimming very fast below
surlace at FG: ~100 small black

bream around FG pylons

No visible activity

53



Monitoring of (ish behaviour in the lower reaches of the Vasse ~ Wonnerup Wedands dnring the summer of 1999/ 2000

Wonnerup
Floodgates
DATE

Activity
Rating
Upstream

Upstream Fish Behaviour

Activity
Raving
Downstream

Downstream Fish Behaviour

24/03/00

2

School of about 50 farge mullet
(30cm+ long) dasting aroursd fast
behind FG; approximately 50 small
black bream arcund FGa pylons

I

Very sporadic surface rings visible m
Preadwater bay

26/03/00

Mullet regulacly surfacing and
occasionatly jumping {small ones)
130-200m upstream; ~50-100 smal
black bream around pylons

Very occasional fish jump and splash in
entrance to Deadwater; no other
acavity

28/03/00

~50 very large muller {>40cm fong)
darting around very fast below surface
at FG: ~500 small black bream
darting around FG very fast; smalf
muller surfacing and jurmping (> 12
per minute}

Very occasional surface ring visible
100m+ downstream and in mouth of
Deadwater

30/03/00

~50¢ lasge muller (>30cm long)
schooling around in leakage flow 2-
10m upsteeamn (not hard up against
FG boards though) - swimming fast
and darting around - few surfacing or
sumping: many small mulet jurmping
and splashing regularly in channel
from 5-130m upstreant - at least 3
visible ar any time

]

Qccasional surfaces in channel and
shallows 40-100m downstream

1/04/00

Mulles regulazly jumping from 50-

200m upstrearn - 3 at a time; activity
rapidiy increased as wind freshened 1o
10 mudler visible jumping at any time

~50 small mullet jurmping in shaliows;
mullet jumping regularly in Deadwater
bay and most area of shallows - 4 or §
visible a minute

3/04/00

Thousands of pinheads at FG;
hundred small black bream {about
10cm long) darting around pylons;
mulet jumping regularly from 40-
200m upstream - > 10 visible cach
minute

Mullet jumping regularly 150m
downsueam - 6 or 7 visible each
minaute

5/04/00

Thousands of pinheads at FG;
hundreds of small black bream {abour
10cm long) darting around pylons;
mulfer jumping regulacly 30m+
upstream

Muller jumping, surfacing and
splashing irregularly Deadwater bay
and shallows 50m downsrream - 0-10
{ish visible each minute

7/04/00

Several thousand mullet 25am+ long
schooling around, rolling on their
sides as they swim, surfacing
occasionaily - swinuning in torrenial
teakage flow from downstream, 10-
40m upstream {not coming right up
to FG boards: smaller mullet regulacly
jumping up the channel to 200m+
upstream of the FG; hundreds of small
black bream darting around on the

botrom at FG

2 large black bream, T blue manna crab,
1 farge fish {maybe mulloway) and 3
herring seen from bridge: ne other fish
activity visible
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Monitoring of fish behaviour in the lower reaches of the Vasse — Wonnerup Weands during the sunumer of 199972000

Wonnerup | Activity Upstream Fish Behaviour Activity Downstream Fish Behavioar
Floodgates | Rating Rating
DATE | Upstream Downstream

9/04/00 3 <100 mullet (2Ccm+ long) darting 2 Sporadic surfaces and mullet jumping
around fast on bottom, [0m in shallows S0 downsueam
upstream; occasional surface splash
150m+ upstrear - a couple every
minute

11/04/00 4 ‘Thousands of mullet (most >20cm 2 Few bream around bridge pylons; no
long) surfacing and jumping regulacly mullet activity on the surface
all the way up the channel - up 10 20
visible at a time: many very lm‘g(’.
nudler (>30cm long) darting around
on the bottom in schools of about 36
fish

13/04/00 4 Hundreds of small bream darting 3 Mullet regularly jumping in shallows -
around FG pylons; moller jumping several at a time and then none for a
regularly up the channel 20-200m+ few minutes
upseream - up to 10 visible av a time

15/04/00 4 Thousands of muilet in estuary 3 Few bream around bridge pylons;

channel, surfacing and jumping
regularly - more than 20 surface rings
and five whole fish visible at any time;
most activity > 50m upstreany;
hundreds of small black bream darting
around FG pylons on bortom; I bhie
manna crab and 2 farge unidentified
{ish spooked near FG

muller rising occasionally in shallows
100m downstream
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Monitering of fish behaviour in the lower reaches of the Vasse — Wonnerup Wetlands during the summer of 199972000

Appendix 14: Waterbird Abundance Upstream of the Wonnerup Floodgates
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DATE S5 AR I

16/12/99 Q
18/12/99 I 3 1 5
20/12799 | I 30 I o3 36
22/12/99 5 5
24/12/99 7 7
26/12/99 4 1 I 6
28/12/99 | 1 3 2| 1 2 I 10
30/12/99 I 2 3
2/01/00 I I 2
3/01/00 oI 2
4/01/00 i I 2
5/01/00 3 s 3 I 2 14
6/01/00 4 I 3 s 2 [ 16
7/01/00 23 I 7 1 I 33
8/01/00 16 Il 351 3 i I3 30
9/01/00 260 1 6 33
10/01/00 30 4 I 35
11/01/00 4 4 I| 6 4 2 1 22
12/01/00 9 8l 2 I 20
13/01/00 3 8 11
14/01/00 15 3 i 19
15/01/00 3 2 Il 2 17
16/01/00 12i 2 12 2 Il 4 24
17/01/00 G 4 10
18/01/00 I 1 2
19/01/00 1| 1 3 17
20/01/00 3 3
21/01/00 7l 2 19
22/01/00 211 1 2 6
23/01/00 1 I 1 1 4
24/01/00 3 2 I G
25/01/00 4 i 2 7
26/01/00 2l 1 I 4
27/01/00 I 4 5
28/01/00 13 G I 20
29/01/00 3 7 10
30/01/00 4 I3 3
31/01/00 w1 2 [ 14
1/02/00 1 12l o3 Il 18
2/02/00 ol 1f 12 i i 24
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Monitoring of fish behaviour in the Jower reaches of the Vasse ~ Womnerup Wetlands during the sunmier of 1999/2000
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5/02/00 52 22| 2 76
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7/02/00 90; 45 20 25 3 165
8/02,/00 11 2 1l 1 s
9/02/00 10 7 17
10/02/00 4 7 2 13
[1/02/00 70 9 257 5] 10 15] 144
12/02/00 8 I 9
13/02/00 10 i 11
14/02/00 4 1 5
15/02/00 I I
16/02/00 4 201 7
17/02/00 20 20
18/02/00 30 27 20 77
19/02/00 3 6 2 11
20/02/00 2 2 4
21/02/00 a0 120 oI 202
22/02/00 1 8 i 10
23/02/00 A 3l 60 30 200 300
24/02/00 | 6 20 6l 60 40 300 432
25/02/00 6| 40 3 49
26/02/00 38 20 24 32
27/02/00 3t 7S I5 5| 200 5| s{I00 228
28/02/00 3 3
29/02/00 2050 5 sl 18] 3 150 240
2/03/00 40 30| 45 10} 25 100 250
4/03/00 11 11
6/03/00 22 22
8/03/00 il o 2 12
10/03/00 I 9 3 [ 16
12/03/00 4 3 3 [ I6
14/03/00 7 7
16/03/00 54 10 0t If 3 80
18/03/00 2 2
20/03/00 il 1 I 3
22/03/00 4i 2 I
24/03/00 4 4 3 2 2 13
26/03/00 1 2 i 1 3
28/03/00 I I
30/03/00 2 2
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Monitoring of fish behaviour in the lower reaches of the Vasse — Wonnerup Wetlands during the summer of 1999/2000

5 SUE .|, 1 [Bis| 212 1,
Wonnerup 5 S %4l % é g & % I‘J g B i - —;ﬁ .
Floodgates g »é 8 1y g S S é g g &g | § FU.; 3 E fj
Upstream % @ | 9 g |z %13 15 = _Z E |8 |g :‘;’ § = |0
g te |2 |F == SR e |l |E|S |8 1% | B (B
mo|s = A ~m |8 = 812 1O (8 |& Y =
|4 SHET O BED 2T
1/04/00 sl 3 2 I It
3/04/00 2 4
5/04/00 3 2
7/04/00 3 ;
9/04/00 6l 2 2 10
11/04/00 3 5 3
13/04/00 10 4 14
15/04/00 8 3
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Monitormg of fish behaviour in the lower reaches of the Vasse - Wonnerup Wetlands during the summer of 1999/ 2000

Appendix [5: Waterbird Abundance Downstream of the Wonnerup Floodgates

Wonnerup .
Floodgates 2 g w {38
Downstream e £ |85 = o |2 18 ”
g g 5 e . g ;'L;L- g 8‘ "E) il &
a |8 E |z £ & |2 (9 218 |
N IS AN S N - D U = - - - R
¢ = glEJE | ¢ Sl |5l (53 [B g 2 |8 =
Gle i |5 1R IS 8 sle S|Pl |2 (2|2 10 (5 |58
patE B 1E 18 i3 |C |2 2188|222 8igl2 |2 88
A A a3 1F &1 (813 |8 |2 (=15 & |[€ 8 {0k
16/12/99 10 10
18/12/99 i 2
20/12/99 5 5
22/12/99 I 2 3
24/12/99 0
26/12/99 6 G
28/12/99 I
30/12/99 0
2/01/00 7 7
3/01/00 4 3
4/01/00 1l 2] s 8
5/01/00 i
6/01/00 1
7/01/00 2 6 3
8/01/00 0
9/01,/00 I
10/01,/00 { I
11/01/00 2 I 4
12/01/00 6 7
13/01/00 20 2 5
14/01/00 4 14 13
15/01/00 9 9
16/01/00 7 7
17/01/00 I 3 1 3 {1
18/01/00 6 i 7
19/01/00 i 2
20/01/00 [ 2
21/01/00 208 13
22/01/00 6 6
23/01/00 i 1 2
24/01/00 2 51 11 1 4 14
25/01/00 2l 20 1 3
26/01/00 2 i 4
27/01/00 4 4
28/01/00 I 2
29/01/00 3 2 10
30/01/00 I 3 4
31/01/00 2 2
1/02/00 i I 4
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Won nerup _
Floodgates = 'é P =
Downstream " g |3 & I L
o 2 | E 1. 2 Eole iR £ o
s (EIGIE el 20 | |EIEE] BlElE
i S| g 5 e § i g2 = g
§ |8 - 1% |E|¢& gilg g |2 = = 18 |E w8
z |m g ig g B R T I N = - T S R T IR (S I =
Sl i & BISIE g mIe e Fm e Vo |E 1818 |
pate |3 |5 |E1E e S 2B 2 B0 lES 1 ElR|E|E 102
B & A3 3lalZ & | |0idid|< > |5 |&a |2 (B d |~
2/02/00 3 I I 10 16
3/02/00 13 I I 18
4/02/00 2 z
5/02/00 I 2 4
6/02/00 I 1 3 i 6
7/02/00 I 1
8/02/00 0
9/02/00 2 4 A I I 16
10/02/00 2 I 4
11/02/00 I
12/02/00 1 1
13/02/00 3 4 4 11
14/02/00 i I
15/02/00 0
16/02/00 0
17,/02/00 3 3
18/02/00 | 5 5
19/02/00 1 2 i 4
20/02/00 4 2 7
21/02/00 Il 3 9 13
22/02/00 2 2
23/02/00 5 1 6
24/02,/00 0
25/02/00 3 3
26/02/00 150 341 10] 23 4| 25 296
27/02/00 i G 7
28/02/00 0
29/02/00 0
2/03/00 1 2
4/03/00 & I 9
6/03/00 I I
8/03/00 0
10/03/00 0
12/03/00 0
14/03/00 i 1
16/03/00 0
18/03/00 2 2 i 5
20/03/00 6 6
22/03/00 0
24/03/00 5 I 2 3
26/03/00 2 2
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Monitoring of fish behaviour in the lower reaches of the Vasse — Wonnerup Wedands during the summer of 199972000

Wonnerup
Floodgates
Downstream

DATE

Black Swan

Pacific Black Duck

Darter

Little Pied Comnorant

Little Black Cormorant

Pied Cormorant

All Cormorants

Pelican

White-faced Heron

Grear Egret

Little Egret ’

Eastern Reef Egret

Australian Whize This

Yelow-billed Spoonbill

Sifver Guil

Pied Oystercarcher

All small waders

Wedge-tail Eagle

Caspian Temn

Total

23/03/00

30/03/00

1/04/00

3]

3/04/00

5/04/00

7/04/00

9/04/00

11/04/00

13/04/00

15/04/00
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