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Definitions
The following definitions of key terms are used in the report;
Baseline ecological data-set: An initial standardised ecological data set
(monitoring and/or mapping) against which future temporal changes can be
assessed
Mapping: To determine the boundaries and/or area of an ecological
vegetation unit using a repeatable and consistent method such that temporal
changes in the size, location or distribution of such units may be detected.
Monitoring: To collect or sample from a population of flora/fauna using a
repeatable and consistent method such that temporal changes in population
abundance and/or structure may be detected
Ongoing ecological data-set: A standardised ecological data-set (monitoring
and/or mapping) collected for the purpose of comparison with the baseline
ecological data set
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Project summary
The ‘Development and application of an ecological monitoring and mapping program
for targeted Kerang lakes’ project aims to enhance our current and future ecological
understanding of seven irrigation storage lakes situated near the townships of Kerang
and Lake Charm in north-central Victoria. The targeted lakes - Kangaroo Lake,
Racecourse Lake, Lake Charm, Little Lake Charm and the Reedy Lakes System
(Third, Middle and Reedy or First Lake) - have significant economic, social and
conservation value and consequently, the challenge in managing them is to balance
the need to maintain or enhance key environmental values within a framework of
acceptable and sustainable anthropogenic (economic and social) use.
The significant conservation values of the seven lakes, some of which are
internationally recognised under the Ramsar Convention, the Japan and Australia
Migratory Bird Agreement (JAMBA) and the China and Australia Migratory Bird
Agreement (CAMBA), have been the focus of considerable ecological research. There
was a clear need to summarise and evaluate this extant information in order to identify
key knowledge gaps. These were targeted through baseline monitoring and mapping,
and were considered in the development of an ongoing monitoring protocol.
The provision of baseline and ongoing data-sets will significantly improve ecological
knowledge of the targeted systems. In turn, this will assist environmental decisionmaking, raise awareness of threatened species or values, and form a point of reference
against which the effects of management actions and/or ecological change can be
judged. This is particularly important in light of the potential impacts of water trading,
new irrigation development and changes to the future operation of the lakes as a result
of the broader water reforms outlined in the Victorian Government’s White Paper
‘Our Water Our Future’ (see progress report: DSE, 2005a).
Specifically, the purpose of this project was to enhance current and future ecological
knowledge of the targeted Kerang lakes through;
1. An assessment of the existing ecological literature. A ‘stop-light’ framework was
used to evaluate the quality of the existing ecological data collected for biotic (i.e.
fish, birds, macroinvertebrates, wetland vegetation) and abiotic (i.e. surface water)
indicators by a diverse range of individuals and organisations, and with varying levels
of ecological expertise and sampling rigour.
The quality of the ecological data collected was found to be generally high, being
collected and reported in a rigorous and appropriate manner. For the purposes of
developing a baseline data-set however, much of the data was considered unsuitable
given that it was collected outside a timeframe useful for determining current
ecological conditions (< 10 years).
2. Baseline ecological monitoring and mapping of a range of indicators. ‘Snapshot’ baseline ecological monitoring and mapping was conducted between November
2005 and April 2006 in order to provide up-to-date ecological information for the
following key indicators; fish, turtles, frogs, macroinvertebrates, wetland vegetation
and surface water quality.
The fish communities in the targeted lakes were relatively diverse compared to those
of similar lowland wetlands in Victoria and South Australia (Ellis and Meredith,
2005; Ho et al., 2004; SARDI Aquatic Sciences, 2006) due, in part, to the ongoing
stocking programs operating in the Kerang region (DPI, 2006). Eight native and five
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exotic species were recorded across the surveyed lakes, with native fish being of
greater abundance than exotic fish. Three of the native species sampled are considered
threatened at a state level (i.e. Murray Cod, Murray or Crimson-Spotted Rainbowfish
and Fly-Specked Hardyhead). The Murray Cod is also considered vulnerable at a
national level, under the EPBC Act.
Of the two native turtle species sampled, the Murray Turtle was the more widespread
and abundant; the Murray Turtle was sampled at each of the lakes but was particularly
abundant at Third Lake and First/Reedy Lake. The Eastern Long-Necked Turtle,
which is extremely widespread and common throughout south-eastern Australia, was
sampled in moderate numbers across five of the seven lakes.
The male advertisement calls of seven frog species known to be common in Victoria
were recorded during the survey. The Spotted Grass Frog and Peron’s Tree Frog were
the dominant species within the lakes.
Almost twenty-two thousand birds representative of thirty-five species were observed
during the study. Seven of the species identified are considered vulnerable, near
threatened or endangered in Victoria (DSE, 2003). Birds from fish and crustacean
feeding guilds dominated the communities at most lakes, perhaps due to the scarcity
of shallow wading habitats and submerged macrophytes in these deep permanent
systems. Approximately 90% of all birds observed were breeding Ibis and Spoonbills
located at the Middle Lake rookery.
The macroinvertebrate assemblages at the lakes were dominated by freshwater
shrimp, except at Lake Charm, where non-biting midge larvae were most abundant.
The SIGNAL 2 rapid-assessment system indicated that the macroinvertebrate
communities at each lake were dominated by families tolerant to a broad range of
physico-chemical stressors, which may be linked to anthropogenic influences.
Six wetland Ecological Vegetation Classes (EVCs) were identified in the littoral
zones of the targeted lakes. All of the wetlands, with the exception of Middle Lake,
were dominated by extensive tracts of Tall Marsh (EVC 821), in which Typha
domingensis was commonly occurring, and often colonising. Lignum Swamp
Woodland (EVC 823) was dominant at Middle Lake.
In the riparian fringe, exotic species, such as Weeping Willow, represented a large
proportion of the vegetation. In the littoral zone, few submerged macrophytes were
located which suggests that there has been a significant decline in the abundance of
these species over the last few decades (Spencer Lovell, pers comm. April 2006; Tom
Lowe, pers comm. April 2006).
Dead wood, remnant of historical vegetation patterns and largely constituting Black
Box and River Red Gum, provides crucial habitat for a broad range of biota in the
littoral, open water and riparian areas of the lakes, particularly in the Reedy Lakes
System and in Lake Charm.
The water quality conditions at the targeted lakes were generally good as
concentrations of most parameters fell within or close to their expected range. While
electrical conductivity (EC) levels were much higher at Lake Charm than at the other
lakes, this did not appear to limit the diversity or abundance of faunal communities.
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3. The development of an ongoing monitoring methodology. Standardised
monitoring methodologies were outlined for a range of key indicators in order to
facilitate the development of ongoing ecological data-sets. The methodologies outline
sampling techniques and frequencies, and the number and position of sites to be
targeted, as well as the limitations of the data and suggestions for supplementary
monitoring.
The recommendations have been developed based on expert experience, as well as
from information generated from the baseline ecological monitoring and mapping
(outlined above). They are based on a surveillance monitoring program, in that the
objectives of the program are broadly;
1. To build ecological data-sets for a range of key indicators, and
2. To identify changes in the targeted ecological values over time.
The standardised monitoring and mapping methodologies will, when collected
routinely and compared to the baseline data-sets, facilitate measurement of temporal
changes in key ecological indicators. Importantly, future monitoring and mapping
needs to occur over a range of conditions, including periods of drought and flooding,
in order that the natural variability in ecological responses can be fully understood.
The information generated from the implementation of the recommended monitoring
methodologies for all indicators should be assessed in conjunction with
comprehensive hydrological information. While the baseline data gleaned from
monitoring/mapping will impart significant information about the current and future
ecological status of the seven Kerang lakes, it is of central importance that
consideration is given to how the volume and quality of inflows, the number and
volume of extractions, as well as groundwater and catchment functioning contribute
to that status.
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Project overview

The ‘Development and application of an ecological monitoring and mapping program
for targeted Kerang lakes’ project aims to enhance our current and future ecological
understanding of seven irrigation storage lakes situated near the townships of Kerang
and Lake Charm in north-central Victoria. The targeted lakes - Kangaroo Lake,
Racecourse Lake, Lake Charm, Little Lake Charm and the Reedy Lakes System
(Third, Middle and Reedy or First Lake) - have significant economic, social and
conservation value and consequently, the challenge in managing them is to balance
the need to maintain or enhance key environmental values within a framework of
acceptable and sustainable anthropogenic (economic and social) use.
The lakes’ significant conservation values, some of which are internationally
recognised under the Ramsar Convention, the Japan and Australia Migratory Bird
Agreement (JAMBA) and the China and Australia Migratory Bird Agreement
(CAMBA), have been the focus of considerable ecological research. Much of this
research was undertaken during the late 1980’s and early 1990’s due to the influence
of community groups such as the Kerang Lakes Area Working Group (KLAWG) and
Kerang Lakes Assessment Group (KLAG).
Ecological research has been conducted for both biotic (e.g. birds, fish,
macroinvertebrates, vegetation) and abiotic (surface and groundwater quality)
indicators by a diverse range of individuals and organisations, and with varying levels
of ecological expertise and sampling rigour. Subsequently, there was a need for a
clear and concise summary and evaluation of this existing information to determine its
ability to help to describe the current ecological condition of the lakes, and to identify
the key gaps in our knowledge which require further examination and assessment.
In order to fill key knowledge gaps and facilitate the development of baseline datasets, ecological monitoring and mapping was conducted for the following indicators:
fish, turtles, frogs, macroinvertebrates, surface water quality and wetland vegetation.
The continuing monitoring/mapping of these key parameters is considered crucial to
the provision of comprehensive and up-to-date ongoing ecological data-sets.
The development of a sound ecological knowledge base will facilitate environmental
decision-making, raise awareness of threatened species or values, and form a point of
reference against which the effects of management actions and/or ecological change
can be judged. The ongoing development and supplementation of this knowledge base
is particularly important in light of the potential impacts of water trading, new
irrigation development and changes to the future operation of the lakes as a result of
the broader water reforms outlined in the Victorian Government’s White Paper ‘Our
Water Our Future’ (see progress report: DSE, 2005a).

Specifically, the purpose of this project was to facilitate the development of a sound
ecological knowledge base both now and into the future by;
1. Assessing the existing ecological literature. An evaluation of the quality
of the existing ecological data highlighted the paucity of up-to-date
information available to environmental decision makers.
2. Undertaking baseline ecological monitoring and mapping of a range of
indicators. The results of monitoring and mapping have filled some of the
knowledge gaps required for the development of an up-to-date ecological
baseline data-set and assisted in the evaluation of current ecological values.
3. Developing an ongoing monitoring methodology. Recommended ongoing
monitoring methodologies were outlined to facilitate the effective monitoring
of ecological change at the targeted wetlands over time.
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Study area

The targeted lakes, namely Kangaroo Lake, Racecourse Lake, Lake Charm, Little
Lake Charm and the Reedy Lakes System (Third, Middle and First or Reedy Lake),
constitute an inter-connected chain of fresh open-water wetlands situated near the
Murray and Loddon Rivers in north-central Victoria (Figures 1 and 2). The lakes are
located in and around the townships of Kerang and Lake Charm, approximately 300
km north-west of Melbourne, but form part of a larger wetland system encompassing
over one hundred wetlands in the Loddon-Murray Region.
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Figure 1: The locations of the seven Kerang lakes in north-west Victoria.

In the 1920’s, the water regime at the lakes was significantly altered when the lakes
were integrated into the Torrumbarry Irrigation System (TIS) - a network of weirs,
channels, storages and lakes which supplies irrigators in the Cohuna, Kerang and
Swan Hill irrigation areas (SKM, 2005). In order to adequately supply regional
agricultural industries, the lakes are currently maintained at an artificially high and
relatively constant water level using diverted flows from the Murray and Loddon
Rivers.

As a result of modifications to their natural hydrology, all the targeted lakes are now
considered permanent open freshwater systems and likely support a different
assemblage of flora and fauna than they would have under natural hydrological
conditions. Despite these changes, the lakes have been known to support an important
assemblage of biota including threatened species such as Murray Cod
(Maccullochella peelii peelii) and Blue-billed Duck (DSE, 2004). In fact, the targeted
lakes are renowned for their high conservation values on a national and international
level, predominately due to their usage by migratory birds. The lakes are
internationally recognised under the Ramsar Convention, the Japan-Australia
Migratory Bird Agreement (JAMBA) and the China-Australia Migratory Bird
Agreement (CAMBA).
A summary of a selection of the management classifications for the seven lakes are
shown below (Table 1).
Table 1: A summary of classification information for the seven Kerang lakes.

Lake

Size
(ha)

Ramsar
wetland type

Land tenure

Management
agency

Kangaroo Lake

984

Permanent
freshwater lakes

Crown Land
(Reserves) Act
1978

G-MW

Racecourse Lake

235

Permanent
freshwater lakes

Crown Land
(Reserves) Act
1978

G-MW

Lake Charm

520

Permanent
freshwater lakes

Crown Land
(Reserves) Act
1978

G-MW

Little Lake Charm

45

Permanent
freshwater lakes

Freehold owned
by G-MW

G-MW

221

Permanent
freshwater lakes
and marshes/pools

Crown Land
(Reserves) Act
1978

Middle Lake

195

Permanent
freshwater lakes
and marshes/pools

Crown Land
(Reserves) Act
1978

First/Reedy Lake

182

Permanent
freshwater lakes
and marshes/pools

Crown Land
(Reserves) Act
1978

Third Lake

DSE,
G-MW
DSE,
G-MW
DSE,
G-MW
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Existing ecological data

The effective management of plant and fauna communities in any wetland involves
the development of a strong knowledge base upon which management decisions and
actions can be confidently based. Assessing the scientific rigour and relevance of the
existing data is a crucial step in recognising areas where additional ecological
information is required to better inform future management.
Given the considerable existing data-sets available for the targeted lakes, the
assessment and summarisation of the extant data was a crucial step in the
development of the project. Since significant ecological studies have been conducted
by a diverse range of individuals and organisations, and with varying levels of
expertise and sampling rigour, there was a clear need for the existing data to be
summarised and critically assessed to determine its ability to describe the current
ecological condition of the target lakes, and to identify the key gaps in our knowledge
which require further examination and assessment.
Data quality assessments were performed using a framework which highlighted the
relevance and rigour of sampling methodologies (Table 2). The knowledge gaps
identified were then targeted by baseline ecological monitoring and mapping (Section
4 – Baseline ecological monitoring and mapping), as well as in the recommended
ongoing monitoring methodologies (Section 5 – Ongoing monitoring methodologies).
3.1 Data assessment framework and summary
Past and current ecological information was sourced from a range of journals,
government agencies, private consultants and published databases, some of which
were identified as important by members of the project’s steering committee. This
information was assessed in terms of its suitability for use in the development of
ecological baseline data-sets of current and future ecological values using the five
main criteria in the ‘stop-light’ framework outlined below (Table 2). Overall, data was
considered to be unacceptable for inclusion in the current baseline study if any single
criteria fell within a ‘red’ or unacceptable field. A summary of the combined results
generated for all target wetlands using the ‘stop-light’ framework is presented below
(Table 3).

Table 2: Stop-light framework for assessing the quality of data for inclusion in baseline ecological data-sets.

Factor

Unacceptable

Imperfect but acceptable

Ideal

>10 years

5-10 years

<5 years

Data collection technique is poor
and/or application of technique is
not described sufficiently to allow
reproduction of sampling effort

Data collection technique is well
described, however specific
sampling locations (sites) and/or
time of year sampling was
undertaken is not described

Data collection technique is
adequately described, specific
sampling locations (sites) are
recorded (e.g. GPS co-ordinates,
landmarks such as bird hides etc.),
and time of year sampling is
undertaken is recorded.

Qualitative (e.g. presence/absence
data)

Quantitative (e.g. catch per unit
effort/observations per hour)

Amateur observers/community
and/or school groups who have
some degree of training or are
working under professional
supervision or reports from
untrained and/or unsupervised
individuals that can be verified due
to retention of specimens/photos

Nationally accredited (e.g. NATA
accredited water quality
laboratories, museum records) or
professionally trained
organisations/individuals (e.g.
Government and/or research
agencies)

Data has been collected in only a
once-off sampling event and/or
from only one site on the wetland

Data collection technique has been
applied at multiple sites within
each wetland and has been repeated
over an appropriate timescale

A
How long ago was data
collected?

B
Are data collection
methods reproducible (i.e.
can we collect data
suitable for comparison)?

C
Is data qualitative or
quantitative?

D
Has data been generated
by an accredited source?

E
Is data replicated in both
space and time?

Unverifiable reports by untrained
and/or unsupervised individuals
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Table 3: Assessment of the suitability of existing literature/databases for inclusion in baseline ecological data-sets.
Lakes

All but
Little
Lake
Charm

All but
Little
Lake
Charm,
Third
Lake
&
Middle
Lake

Literature/Database Author &
Date of
Publication

Fish
Fisheries Value and
Classification of Fresh
and Estuarine Waters
in Victoria.

Revision of the
Conservation Status of
several species of
Warmwater native fish
after surveys of
selected sites in
northern Victoria
(1982-1984) Technical
Report Series No. 33.

Agency

Data Type

B.R.
Tunbridge
and T.G.
Glenane
(1982)

Fisheries and
Wildlife
Division,
Ministry for
Conservation,
Victoria.

Presence/absence.

A.R.
Brumley,
A.K.
Morison, and
J.R.
Anderson
(1987)

ARIER

Relative abundance
(catch per net
nights/electrofishing
hours).

Methods

Unspecified.

Varied between
lakes.
Equipment
included gill
nets (51-254 or
284 mm), onewing fyke nets
and boatmounted
electrofisher.

Survey
Period &
Sampling
Frequency
Unspecified.

Varied
between
lakes but
included
1980, 1982
and 1983.

Data Quality*
A

B

C

D

E

■ ■ ■ ■ ■

■ ■ ■ ■ ■
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Suitability
for inclusion
in data-sets
Unsuitable.
1. Data
collected > 10
years ago.
2. Rigorous
and repeatable
sampling
methods not
used/specified.
Unsuitable.
1. Data
collected > 10
years ago.

Lakes

All
lakes

The
Reedy
Lakes
System

All but
Little
Lake
Charm

Literature/Database Author &
Date of
Publication

Agency

The Aquatic
Invertebrate and Fish
Faunas of the Kerang
Lakes Area. Report No.
3 to Kerang Lakes
Working Group.

Grant
Fleming
(1990)

A report to the
KLWG by
DCE

The Implications of
Salinity, and Salinity
Management
Initiatives, on Fish and
Fish Habitat in the
Kerang Lakes
Management Area.
Technical Report
Series No. 103.

Dr. John R.
Anderson –
KFRS (May,
1991)

Report
Prepared for
the KLAWG
by Arthur
Rylah Institute
for
Environmental
Research.

Data Type

Presence/absence.

Relative abundance
(catch per net
nights/electrofishing
hours).

Presence/absence,
relative abundance
(commercial catch
in kg).

Methods

Survey
Period &
Sampling
Frequency

Dip nets (50,
200, 600 µm),
benthic dragnet
(5 mm), 6 m
seine net (12
mm).

JanuaryAugust
1989, with
most
wetlands
sampled at
least once in
March and
April.

Varied between
lakes but
equipment
included fyke
nets, gill nets,
drum nets and
boat-mounted
electrofisher.

March 1987

1949-1950
Unspecified.

Data Quality*
A

B

C

D

E

■ ■ ■ ■ ■

■ ■ ■ ■ ■

■ ■ ■ ■ ■

1979-1981
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Suitability
for inclusion
in data-sets
Unsuitable.
1. Data
collected > 10
years ago.
2. Rigorous
and repeatable
sampling
methods not
used/specified.
Unsuitable.
1. Data
collected > 10
years ago.
2. Rigorous
and repeatable
sampling
methods not
used/specified
for the
commercial
catch data.

Lakes

All
lakes

All
lakes

Literature/Database Author &
Date of
Publication

Agency

Birds

Fisheries and
Wildlife
Division,
ARIER

A Survey of the
Wetlands of Kerang,
Victoria. Fisheries and
Wildlife Paper,
Victoria No. 5.

Waterbirds of the
Wetlands in the Kerang
Lakes Area. Report No.
4.

A.H. Corrick
and S.J.
Cowling
(1975)

Allan Lugg
(1989)

Report
prepared for
KLAWG by
KLAG and
DCFL,
Bendigo
Region

Data Type

Methods

Survey
Period &
Sampling
Frequency

Presence/absence,
extent of use by
breeding waterbirds,
significance ranking
based on waterbird
breeding and
habitat.

Data obtained
from a range of
sources
including
ARIER, State
Rivers & Water
Supply
Commission,
the Kerang
Branch of the
Victorian Field
and Game
Association,
and amateur
ornithologists.

January and
March
1974. Onceoff
sampling.

Numbers of birds
per hectare, species
richness.

Waterbirds
identified and
counted using
binoculars and
telescopes from
fixed vantage
points and
through
wading, boating
and canoeing.

Five surveys
between
September
1988 and
July 1989.

Data Quality*
A

B

C

D

E

■ ■ ■ ■ ■

Suitability
for inclusion
in data-sets
Unsuitable.
1. Data
collected > 10
years ago.
2. Rigorous
and repeatable
sampling
methods not
used/specified.

■ ■ ■ ■ ■

Unsuitable.
1. Data
collected > 10
years ago.
2. Rigorous
and repeatable
sampling
methods not
used/specified.
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Lakes

Literature/Database Author &
Date of
Publication

Agency

All
lakes

Atlas of Victorian
Wildlife (AVW)

DSE

DSE

Presence/absence,
species richness.

Species and
counts recorded
by volunteers.
Includes data
from the
Victorian
Waterfowl
Summer Count
Program.

Variable.

All
lakes

Macroinvertebrates

Grant
Fleming
(1990)

A report to the
KLWG by
DCE, Bendigo
Region

Presence/ absence
of material
identified to a high
taxonomic level
only (other material
excluded from dataset), abundance
classes.

Dip nets (50,
200, 600 µm),
benthic dragnet
(5 mm).

JanuaryAugust
1989, with
most
wetlands
sampled at
least once in
March and
April.

Relative abundance.

4 x 30 second
replicate
sweeps at
several sites per
wetland using a
500 m dip net.

The Aquatic
Invertebrate and Fish
Faunas of the Kerang
Lakes Area. Report No.
3 to Kerang Lakes
Working Group.

All but
Lake
Charm
&
Little
Lake
Charm

Biodiversity values of
the Kerang Lakes
(currently
unpublished).

(up to 2003)

Luke
Shelley, PhD
candidate

Deakin
University,
Burwood

Data Type

Methods

Survey
Period &
Sampling
Frequency

Monthly
sampling

Data Quality*
A

B

C

D

E

■ ■ ■ ■ ■

■ ■ ■ ■ ■

■ ■ ■ ■ ■

1/09/200206/10/2003.
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Suitability
for inclusion
in data-sets
Suitable.

Unsuitable.
1. Data
collected > 10
years ago.
2. Rigorous
and repeatable
sampling
methods not
used/specified.
Suitable.

Lakes

All
lakes

Literature/Database Author &
Date of
Publication

Agency

Wetland
vegetation**

Fisheries and
Wildlife
Division,
ARIER

A Survey of the
Wetlands of Kerang,
Victoria. Fisheries and
Wildlife Paper,
Victoria No. 5.

All
lakes

Vegetation of the
Wetlands in the Kerang
Lakes Area. Report No.
2.

A.H. Corrick
and S.J.
Cowling
(1975)

Tim
O’Donnell
(March
1990)

Report to
KLAWG by
DCFL,
Bendigo
Region and
KLAG

Data Type

Presence/absence.

Presence/absence
(species list,
significant
vegetation
community, floristic
significance,
vegetation
naturalness).

Methods

Survey
Period &
Sampling
Frequency

A plant list was
made in the
field, and in
addition, aerial
photographs
were used to
map and
estimate the
area of
vegetation
communities.

January to
March
1974. Most
likely onceoff.

Nested quadrats
sampled at 5,
10 or 20 metre
intervals along
transects. Areas
of vegetation
communities
inferred from
aerial
photographs as
well as
extensive
ground truthing.

September
to
December
1988.
Likely onceoff
sampling.

Data Quality*
A

B

C

D

E

■ ■ ■ ■ ■

Suitability
for inclusion
in data-sets
Unsuitable.
1. Data
collected > 10
years ago. ***
2. Rigorous
and repeatable
sampling
methods not
used/specified.

■ ■ ■ ■ ■

Unsuitable.
1. Data
collected > 10
years ago. ***
2. Rigorous
and repeatable
sampling
methods not
used/specified.
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Lakes

All
lakes

All
lakes

Literature/Database Author &
Date of
Publication

Agency

Vegetation Mapping
North-West Victoria

M. White, A.
Oates, J.
Brown, T.
Barlow, A.
McMahon, N.
Rosengren, D.
Cheal, G.
Sutter, S.
Sinclair, E.
Chesterfield,
D. Frood, M.
Pelikan (July
2003)

A draft report
to the Mallee,
Wimmera and
North Central
Catchment
Management
Authorities by
ARIER,
Spatial Vision,
Ecology
Australia

Ecological
Vegetation Classes
(EVC) mapped for
North West Victoria
at 1:100,000.

Species
richness,
relative
abundance
(extant and presettlement EVC
maps). Spatial
data. And
existing FIS
quadrat datasets utilised.

August
2002 to
January
2003.

Allan Lugg,
Shelley
Heron, Grant
Fleming,
Tim
O’Donnell
(October
1989)

Report
prepared for
KLAWG by
DCFL and
KLAG

EC range based on
long term data-set
from RMC.

According to
RWC standard
monitoring.

Long-term
data –
frequency
unspecified.

Surface water
quality
Conservation Value of
the Wetlands in the
Kerang Lakes Area.
Report 1.

Data Type

Methods

Survey
Period &
Sampling
Frequency

Data Quality*
A

B

C

D

E

Suitability
for inclusion
in data-sets

■ ■ ■ ■ ■

Suitable.

■ ■ ■ ■ ■

Unsuitable.

Once-off.

1. Data
collected > 10
years ago.
2. Rigorous
and repeatable
sampling
methods not
used/specified.
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Lakes

All
lakes

All
lakes

Literature/Database Author &
Date of
Publication

Agency

Waterbirds of the
Wetlands in the Kerang
Lakes Area. Report No.
4.

Report
prepared for
KLAWG by
KLAG and
DCFL,
Bendigo
Region

Average EC level
for sampling period.

A report to the
KLWG by
DCE

EC levels.

The Aquatic
Invertebrate and Fish
Faunas of the Kerang
Lakes Area. Report No.
3 to Kerang Lakes
Working Group

Allan Lugg
(1989)

Grant
Fleming
(1990)

Data Type

Methods

Unspecified.

EC recorded
using a TPS
LC81 portable
conductivity
meter.

Survey
Period &
Sampling
Frequency
Five
sampling
trips during
1989.

JanuaryAugust
1989, with
most
wetlands
sampled at
least once in
March and
April.

Data Quality*
A

B

C

D

E

■ ■ ■ ■ ■

■ ■ ■ ■ ■

Suitability
for inclusion
in data-sets
Unsuitable.
1. Data
collected > 10
years ago.
2. Rigorous
and repeatable
sampling
methods not
used/specified.
Unsuitable.
1. Data
collected > 10
years ago.
2. Rigorous
and repeatable
sampling
methods not
used/specified.
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Lakes

All
lakes

All but
Little
Lake
Charm
&
Third
Lake

Literature/Database Author &
Date of
Publication

Agency

Vegetation of the
Wetlands in the Kerang
Lakes Area. Report No.
2.

Report to
KLAWG by
KLAG and
DCFL,
Bendigo
Region

EC levels.

Report to
KLAWG by
ARIER

EC, DO, water
temp. at surface/
bottom. Chemical
analysis of EC, pH,
K, Na, Ca, Mg, Cl,
H/CO3, SO4, Fe.

The Implications of
Salinity, and Salinity
Management
Initiatives, on Fish and
Fish Habitat in the
Kerang Lakes
Management Area.
Technical Report
Series No. 103

Tim
O’Donnell
(March
1990)

Dr. John R.
Anderson –
KFRS (May
1991)

Data Type

Methods

Unspecified.

Methods
according to
Anderson and
Morison
(1989).

Survey
Period &
Sampling
Frequency
September
to
December
1988.
Likely onceoff.

March
1989.

Data Quality*
A

B

C

D

E

■ ■ ■ ■ ■

■ ■ ■ ■ ■

Once-off.

Suitability
for inclusion
in data-sets
Unsuitable.
1. Data
collected > 10
years ago.
2. Rigorous
and repeatable
sampling
methods not
specified.
Unsuitable.
1. Data
collected > 10
years ago.
2. Rigorous
and repeatable
sampling
methods not
used/specified.
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Lakes

Literature/Database Author &
Date of
Publication

Agency

All but
Little
Lake
Charm,
Middle
Lake
&
First/
Reedy
Lake

Further Considerations
of the Environmental
Effects of Salinity on
Waterbodies in the
Kerang Lakes
Management Area.
Report No. 117.

John
McGuckin

ARIER and
DCE, Flora
and Fauna
Division,
Kaiela
Fisheries
Research
Station

EC, DO and
temperature levels.

All but
Racecourse
Lake,
Little
Lake
Charm
&
Middle
Lake

G-MW Monitoring
Program-Internal
Database

G-MW
Kerang Staff

G-MW
Kerang

All but
Little
Lake
Charm

Biodiversity values of
the Kerang Lakes
(currently unpublished)

Luke
Shelley, PhD
candidate

Deakin
University,
Burwood

(June 1991)

(1996-2001)

Data Type

Methods

Survey
Period &
Sampling
Frequency

Data obtained
from RWC as
well as through
direct
measurement
with specified
instrumentation.

7-8/03/1989

EC, pH, water
temperature, NOx,
TKN, phosphate,
Total P, turbidity.

Nutrient
samples
collected by GMW and
analysed by
Water
EcoScience.

1996-2001

EC, DO, pH,
turbidity, water
temperature and
gauge height values.

Sampled at
various sites
using a range of
standard
instruments.

1/09/200206/10/2003

Data Quality*
A

B

C

D

E

■ ■ ■ ■ ■

3/8/01989

Suitability
for inclusion
in data-sets
Unsuitable.
1. Data
collected > 10
years ago.

22/08/1989
13/09/1989

■ ■ ■ ■ ■

2. Rigorous
and repeatable
sampling
methods not
used/specified.
Suitable.

Monthly
sampling.

■ ■ ■ ■ ■

Monthly
sampling.
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Suitable.

Lakes

Kangaroo
Lake

Literature/Database Author &
Date of
Publication

Agency

Continuous Monitoring
Site at Kangaroo Lake.

Thiess
Services
Proprietary
Ltd.

Thiess
Services
Proprietary
Ltd. (2006)

Data Type

EC, temperature.

Methods

Mindata 35-100
data logger
located at
northern outlet
channel. Scans
every 15
minutes and
records at least
every 4 hours.

Survey
Period &
Sampling
Frequency
June 1995
to present.

Data Quality*
A

B

C

D

E

■ ■ ■ ■ ■

Suitability
for inclusion
in data-sets
Suitable.

Continuous
monitoring.

* See Table 2 for description of data quality assessment framework. **An extended summary of existing studies of wetland vegetation is provided in Appendix A – Previous
studies of wetland vegetation. *** Some types of wetland vegetation are less likely to change significantly over the short- term than other indicators, therefore data collected
more than 10 years ago may still provide important insight into current values.
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3.2 Ecological knowledge gap analysis and data quality assessment
The data assessment examined data collected from four biotic groups (fish,
macroinvertebrates, wetland vegetation and water birds) and one abiotic group (surface
water quality) in 17 reports published since 1975. As some reports examined more than
one group, a total of 21 author/group combinations were assessed as part of this
evaluation (Table 3).
In accordance with the a priori criteria (Table 2) against which the available data was
scrutinised, the most frequent reason for exclusion of author/group combinations relates
to how recently it was collected (data quality assessment category A). Despite being of
good quality and in many cases suitably replicated, 15 out of 21 (71%) of all
author/group combinations were collected more than ten years ago.
The next greatest limitation of the data was the inadequate specification of repeatable
sampling methodologies (data quality assessment category B), which rendered 12 out of
21 (57%) studies unsuitable for inclusion in the current baseline ecological data-sets.
Importantly, no data was excluded due to the accreditation of the data collectors
(Category D). In fact, this category had the highest proportion of ‘Ideal’ (green)
classifications (20 out of 21 author/group categories, or 95%) of all categories. Category
C (quantitative v qualitative data) had a mid-range percentage of ‘ideal’ classifications
(11 out of 21 author/group categories, or 52%), indicative of an even split of
presence/absence and quantitative (standardised or able to be standardised) data. And
although no data was excluded on the basis of category E (appropriate replication), only 3
out of the 21 author/group combinations (14%) were replicated sufficiently in space and
time, highlighting the need for the development of a long-term, multiple site monitoring
strategy if changes in the ecological condition of the wetlands are to be appropriately
determined.
Combined, this information suggests that quality of the ecological data collected from the
target Kerang wetlands is generally high, being collected and reported in a rigorous and
appropriate manner. For the purposes of developing an ecological baseline data-set
however, much of the data will not be considered because it was not collected within a
timeframe considered appropriate for determining the current ecological condition of the
lakes. Despite its age, much of this data may, however, be useful in developing a longterm picture of the ecological change at the lake through comparison with the baseline
and (potentially) ongoing ecological data-sets described under Section 4 (Baseline
ecological monitoring and mapping) and Section 5 (Ongoing monitoring methodologies)
respectively. An assessment of the data available for the major taxa/indicators is shown
below;
Fish
None of the available fish data is suitable for inclusion in the current ecological baseline
data-set (.i.e. for describing the contemporary wetland) because the most recent sampling
(Anderson, 1991) occurred more than 10 years ago. In 3 of the 5 author/group
combinations (Tunbridge and Glenane, 1982; Fleming, 1990; and the commercial
component of Anderson, 1991), the sampling methodologies were insufficiently
described, preventing future comparison of the data collected. In these 3 cases, data
cannot, therefore, be analysed quantitatively, and is only useful from a presence/absence
perspective. Further, none of the fish related reports were replicated sufficiently over
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space and time, meaning that any interpretation or extrapolation of this fish data must be
undertaken with caution.
This analysis clearly highlights the need to comprehensively (i.e. multi-site, and multigear type) re-sample the fish fauna of the target wetlands to establish a current baseline
dataset that can be used as the basis for assessing future change in ecological condition.
Turtles and Frogs
While these indicators were not specifically targeted in the assessment of the existing
data, it became apparent that there is a significant shortage of suitable existing data which
can describe the current turtle and frog fauna present at the wetlands. Extremely limited
turtle and frog presence/absence data are registered on the Atlas of Victorian Wildlife
(DSE, 2006a) and because of its paucity and inadequate description of methodology and
sampling sites, this data is not suitable for use in an ecological baseline data-set of current
conditions. Due to this knowledge gap, both frogs and turtles need to be surveyed as part
of this project, in order to establish baseline data-sets.
Birds
Given the ongoing interest in the birds of the Kerang region, the bird data listed on the
Atlas of Victorian Wildlife (DSE, 2006a) are considerably more up to date and
comprehensive than entries for other wildlife. The presence/absence data found on the
database can be utilised to describe the current avian community as it provides a more
spatially and temporally comprehensive, and a more recent, data-set than the available
reports. A great deal of the bird data registered on the Atlas of Victorian Wildlife is
acquired from the Waterfowl Summer Count Program which generates annual water bird
species lists and counts.
Atlas of Victorian Wildlife data is, however, provided from a number of sources utilising
a variety of observation techniques and represents a mix of both presence/absence and
quantified data. Thus although this data is informative, a more standardised (i.e. single
observer, quantitative bird data recorded over a ‘standardisable’ observation period,
replicated in time) data-set would be more useful in determining long term changes in the
use of the target wetlands by birds. As such, more targeted bird surveys will be
undertaken for the development of a current ecological baseline data-set (see Section 4 –
Baseline ecological monitoring and mapping).
Macroinvertebrates
A postgraduate study by Luke Shelley (Deakin University), which involved sampling the
macroinvertebrate communities at five of the seven targeted wetlands, will provide
macroinvertebrate data of the highest quality, directly suitable for inclusion into an
ecological baseline data-set. As part of his PhD project, Luke Shelley is examining
seasonal variation in the macroinvertebrate community at all of the target lakes except for
Lake Charm and Little Lake Charm. It is our understanding that some samples have been
collected from Lake Charm and Little Lake Charm but have not been enumerated or
analysed to the same extent as the other lakes. Nevertheless, comprehensive data-sets are
only available for 2002-2003 which indicates that some more up-to-date data is required
for inclusion in the development of sound data-sets which can be used to describe the
current status of the macroinvertebrate community.
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Wetland vegetation
The EVC descriptions outlined in Vegetation Mapping North-West Victoria (ARIER,
2003) are the most comprehensive and up-to-date for the region around the targeted
wetlands. The mapping resulting from this was prepared at 1:100,000, which is too coarse
for detecting communities within wetlands, but did include some wetlands and some
wetland EVCs (available on the DSE website, Interactive Mapping). Since then, however,
a complete set of benchmark wetland EVCs has been prepared to support the state-wide
implementation of the recently developed Index of Wetland Condition or IWC (DSE,
2005b; DSE, 2006b), however no specific wetland mapping was done in association with
this. Thus the only wetland mapping available for the target wetlands is one that has been
done at an inappropriate scale, and with an incomplete set of wetland EVCs. Neither this
nor the other studies on wetland vegetation are suitable for use in a baseline data-set.
A selection of other studies on wetland vegetation are summarised in Appendix A. They
include a small scale-survey, mostly in the forms of observations, of the Reedy Lake
System undertaken by SKM (2001) in order to provide descriptions/assessments of
habitat types, an extensive transect-based survey (O’Donnell et al., 1990), and field
observations of main types of wetland communities (Corrick and Cowling, 1975). These
studies either lack relevant detail or were done too long ago to be used in a current
baseline data-set. For these reasons, mapping wetland vegetation is considered a necessity
for the baseline survey component of this project on the target wetlands.
An additional knowledge gap identified through this review process is vegetation
condition. A state-wide protocol known as Habitat-hectares is now available for assessing
the condition of terrestrial and riparian vegetation based on a referential system and using
EVC benchmarks (DSE, 2004). The equivalent for wetland vegetation has recently been
issued to support the IWC (DSE, 2006b). These protocols are available and, depending
on time required, should be used in the survey component of this project.
There are also few records of the dead wood present at the targeted lakes. Dead wood
constitutes an important resource for the waterbirds in the seven lakes and should
therefore be mapped or recorded in some capacity.
Water quality
As for other data groups, a relatively high proportion of the data-sets (6 out of 9) analysed
were considered unsuitable for inclusion in benchmarking current ecological condition
because data was collected more than 10 years ago. Of those remaining, none include
sampling from Little Lake Charm, and only one (Theiss, 2006) is ongoing. Further,
Theiss (2006) focuses solely on electrical conductivity (EC) and temperature, which
although important, does not represent the full range of water quality parameters
important for the ecological assessment of the current baseline status of the target
wetlands.
As such, there is a key knowledge gap in the available data; EC, dissolved oxygen (DO),
pH, turbidity, standard nutrients (total phosphorus, filterable reactive phosphorus, total
nitrogen, oxidised nitrogen and ammonium) and water temperature data should be
collected from a number of sites within each wetland to facilitate the development of an
ecological baseline data-set.
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4

Baseline ecological monitoring and mapping

The monitoring/mapping of a range of ecological indicators including fish, turtles, frogs,
birds, macroinvertebrates, wetland vegetation and water quality was performed between
November 2005 and April 2006 in order to determine a baseline of the current ecological
values of the seven lakes, a knowledge gap identified through the summarisation and
assessment of the existing data-sets (Section 3 – Existing ecological data). Fauna and
water quality baseline monitoring constituted sampling in the field however in the case of
wetland vegetation, extensive mapping in conjunction with ground-truthing was
undertaken. When considered in conjunction with pre-existing data-sets, data generated
through ecological baseline monitoring and mapping will constitute an important tool for
the facilitation of environmental decision-making, including the definition of
management objectives and actions, such as those required to address a threat or issue.

4.1 Key ecological indicators
The knowledge gap analysis and data quality assessment (Tables 2 and 3) indicated that
there was a shortage of information suitable for inclusion in an ecological baseline dataset capable of describing the current status of the following indicators;
•
•
•
•

Fish
Frogs
Birds
Wetland vegetation

Further, the existing information for the indicators listed below, although acceptable,
could be more useful to managers if it was considered with more comprehensive and
scientifically rigorous baseline monitoring/mapping;
•
•
•

Macroinvertebrates
Birds
Water quality

The fauna and water quality baseline monitoring methodologies and the method used for
wetland vegetation mapping are described under Section 4.2 – Monitoring methods.
These methodologies were developed to specifically address the aforementioned
knowledge gaps using;
• The standards, where possible, described by the ‘green-light’ fields in Table 2
(Section 3.1 – Data assessment framework and summary).
• The most comprehensive methodology and most ecologically appropriate
sampling periods within the bounds of the projects time-frame and resources.
• Your Wetland: Monitoring Manual (Tucker, 2003), Recommended Methods for
Monitoring Floodplains and Wetlands (Baldwin et al., 2005) and wetland EVC
benchmark descriptions (DSE website).
The baseline ecological data generated by the fish, turtle, frog, avian, macroinvertebrate
and surface water quality monitoring and wetland vegetation mapping are described and
discussed in Section 4.3 - Results, discussion and implications of data. A synthesis of
these results highlighting variables including species richness and relative abundance, and
comparing values within a broader context/data-set appears in Section 4.3.3.
Recommendations for the ongoing monitoring of these key parameters are also discussed
(Section 5 – Ongoing monitoring methodologies).
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4.2 Monitoring methods
4.2.1 Monitoring sites
Ecological monitoring and mapping aimed at providing baseline data-sets for a broad
range of biotic and abiotic ecological parameters was undertaken at each of the seven
Kerang lakes (Figure 1 and 2). A number of different sites within each lake were
sampled/ground-truthed for fish, frogs, turtles, macroinvertebrates, wetland vegetation,
and water quality. Figure 2 highlights sites where fauna were recorded and water quality
parameters were assessed. In general, sites were chosen to sample the main habitat types
at each wetland, and were widely distributed where possible.
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Figure 2: The locations of the main macroinvertebrate (■), frog (Ñ), electrofishing
(±) and water quality and netting (fish, turtles) survey sites (Î) in the seven
Kerang lakes.
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4.2.2 Fauna and water quality sampling methodology
Fish
A ‘snap-shot’ fish baseline survey of the targeted lakes was carried out between the 27th
of February and the 3rd of March 2006. As all fishing techniques have inherent species
and size class biases, both active and passive netting and boat-mounted electrofishing
techniques were used to increase the probability of collecting the broadest possible
diversity of species. Four spatially disparate sites were netted and electrofished per
wetland (Figure 2). The netted sites were separate from the electrofished sites to reduce
the likelihood of re-sampling individuals.
Two large fyke nets (Figure 3 a) and two small or larval fyke nets (Figure 3 b) were set in
the littoral zones at each site. The large fyke nets were constructed of 30 mm stretched
mesh and had a single wing (8m x 0.65m) attached to the centre of the first of seven
supporting hoops (ø = 0.55m). The small fyke nets (2 mm stretched mesh) had two wings
(each 2.5 m x 1.2 m) and three supporting hoops in the main body of the net. There was a
plastic 5 cm x 5 cm mesh in the initial hoop of the small fyke nets which served to
exclude large fish and turtles.
The mesh wing of the large fyke nets were set amongst riparian vegetation or woody
debris with the cod ends of the nets set out in deeper water at an angle of approximately
50-90° to the bank. The cod ends of the nets were floated and tied out of the water in
order that air breathing fauna, such as turtles, would survive capture. Small fyke nets
were set in shallow water amongst dominant habitats such as Typha or large woody
debris. Fyke nets were set in the early evening, left for approximately fourteen hours, and
retrieved in the morning. Fish were then removed from nets and identified and counted.
At each site, the first thirty individuals from each species were also weighed (g) and
measured (standard length and total length, mm) (Figure 4 a, b, c). Small-bodied
specimens (< 5 cm; Figure 4 d) were not weighed as they were assumed to weigh less
than four grams for the purposes of the study.
In addition to passive fyke netting methods, the active technique of seine netting was
used. Two 10 m beach seine net trawls (Figure 3 c) were performed at each site amongst
the prevalent habitat. As the principal goal of seine netting was to capture species often
missed by passive netting or electrofishing techniques (e.g. Gambusia), only fish that had
not been previously recorded in fyke nets were counted, measured (SL/TL, mm) and
weighed (g).
Where possible, boat mounted electrofishing (Figure 3 e) was undertaken. Electrofishing
was conducted in line with the Sustainable Rivers Audit (SRA) Boat-Mounted
Electrofishing protocols; three two minute shots of electrical current were passed through
the water at four sites per wetland. Stunned fish were collected in a large dip net and
placed in aerated water-filled containers prior to being identified, counted, weighed (g)
and measured (SL/TL, mm). Because of the high salinity at Lake Charm (> 2000 µS.cm1
), electrofishing could not be undertaken. As an alternative, a multi-panel gill net (38, 67
and 100 mm knot-to-knot) was set for two hours in this lake.
As required by Victorian fisheries legislation, all Common Carp, Redfin and Gambusia
collected during the survey were humanely euthanased and buried in the field.
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a

b
b

c

d

e
e
f

Figure 3: Equipment utilised in field surveys included a) large fyke nets for fish
and turtles, b) small/larval fyke nets for small-bodied fish, a c) 10 m seine net for
small-bodied fish, a d) sweep net for macroinvertebrates, a e) boat-mounted
electrofisher for large fish and a f) U-10 multi-probe for water quality.
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a

b

c

d

Figure 4: Fauna including a) Murray Cod, b) Murray Turtle, c) Golden Perch and d)
Carp Gudgeon were removed from nets, identified, counted, weighed and
measured.

In order to facilitate the interpretation of the data, summary tables were prepared to
highlight the relative abundances, and the mean (± S.E.), minimum and maximum lengths
and weights of each species at the targeted lakes. Since the same netting effort was used
at every lake, results are presented as the ‘catch per unit effort’ (CPUE), which represents
the entire catch from eight large and eight small fyke nets over approximately 14 hours
per lake. Seine net data was not included in the netting data since no additional species
were uncovered using this supplementary technique. Similarly, data collected using
electrofishing and gill netting were not presented, since few fish and no additional species
were sampled using these methods. CPUE data was used as a basis for the discussion of
ratios of native to exotic species, the distributions and abundances of threatened species,
the relative proportions of specific size and weight classes, and possible recruitment
events.
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Turtles
Turtles were sampled using large fyke nets (Figure 3 a) as for the fish baseline survey
(see above). Turtles were removed from nets before being identified, counted, weighed
(g) and measured (carapace length, mm) (Figure 4 b). Since the same netting effort was
used at every lake, results are presented as the ‘catch per unit effort’ (CPUE), which
represents the entire catch from eight large fyke nets per lake. CPUE data was used as a
basis for the discussion of distribution, abundance, as well as possible recruitment events.
Frogs
Conspecific male advertisement calls were used to indicate the presence of frog species at
the targeted wetlands. This method of sampling frogs is commonly utilised in baseline
surveys as it is effective, inexpensive and non-invasive. It is also relatively simple to
distinguish between the distinctive calls of native frogs (Table 4), or to record calls for
expert identification.
Table 4: Advertisement calls of some frogs of the Goulburn Murray region
(Amphibian Research Centre, 2006).
Common
name

Scientific
name

Description of Conspecific Advertisement Call

Barking
March
Frog

Limnodynastes
fletcheri

Short modulated note, similar to the sound of a distance
barking dog – “whrup”. The call is repeated every few
seconds.

Bibron’s
Toadlet

Pseudophryne
bibroni

Short harsh grating “cre-ek”.

Common
Spadefoot
Toad

Neobatrachus
sudelli

The call is a short, slowly pulsed musical trill - "craa-awaw-aw-aw-aw-aw-awk".

Eastern
Common
Froglet

Crinia
signifera

The call is a series of three to five pulsed calls, with a
chirping quality, rapidly repeated in a long series – “crick
crick crick crick”. It has been likened to cricket-like
chirping.

Eastern
SignBearing
Froglet

Crinia
parinsignifera

The call is a long harsh squelching note (“eeeeeeek”) which
is repeated every few seconds.

Growling
Grass Frog

Litoria
raniformis

A growl of about one second duration - "crawark-crawarkcrok-crok".

Peron’s
Tree Frog

Litoria peroni

The call is very long and drawn out, slowly pulsed and
increasing in loudness – “cra-ah-ah-ah-ah-ah-ah-ahhk”. It
has been likened maniacal laughter.

Pobblebonk

Limnodynastes
dumerili

Sloane’s
Frog

Crinia sloanei

The call is a short musical, explosive note producing a
resonant “bonk” which is repeated every few seconds.
The call is a short peeping call, repeated about once per
second - "chick...chick...chick".

Spotted
Grass Frog

Limnodynastes
tasmaniensis

The call is a short staccato “kuk-kuk-kuk”. Three or four
distinct notes area repeated in a long series.

The sampling protocol outlined below was developed following Recommended Methods
for Monitoring Floodplains and Wetlands (Baldwin et al., 2005) and Your Wetland:
Monitoring Manual, River Murray, South Australia (Tucker, 2004).
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Advertisement calls were assessed at four standard sites per wetland on the 22nd-23rd of
November 2005, the 30th-31st of January 2006, and the 2nd-3rd of March 2006. Sampling
was conducted when most of the species known to the region call and breed (i.e. spring,
summer, and early autumn) to increase the probability that those species present at the
sites would be sampled.
Sites were selected which represented the common littoral vegetation types found at each
wetland and were widely distributed spatially (Figure 2). Over a fifteen minute period
between 8:30 PM and 1.30 PM (and at least twenty minutes after sunset), calls were
identified by ear and the number of individuals calling was estimated to be one, few (two
to nine), lots (ten to fifteen) or many (over fifty) (Tucker, 2004). Digital voucher
recordings downloaded from the Frogs of Australia website (Amphibian Research Centre,
2006) and the Melbourne Water Frog Census webpage (Melbourne Water, 2006) were
used to validate identifications in the field. In addition, sampled calls were digitally
recorded for identification/confirmation by an expert, where necessary. Four additional
sites were also randomly selected during each sampling occasion and were assessed over
a five minute period.
In order to facilitate the interpretation of the data, estimates of the numbers of calling
males at each wetland were summarised in a table. Data were also presented in terms of
the number of sites at which each species was heard calling, expressed as a percentage of
the total number of sites at which (any) frogs were heard.
Birds
Bird surveys were carried out in November 2005, January 2006 and February 2006. The
entire length of each lake was walked and birds were counted from multiple vantage
points to ensure all birds present within different habitat types were recorded. Birds were
spotted using 10 x 50 binoculars and a 20-60 x magnification spotting scope. Species and
numbers were noted, and behaviours such as foraging, loafing and breeding were
recorded. Supplementary information including the time and date, the weather conditions,
and the type of substrate birds were observed upon were recorded to aid in the
interpretation of baseline data. In addition, a list of species incidentally observed at the
lakes was compiled.
Summary tables and graphs were used to highlight the relative abundances of bird species
and feeding guilds observed at the targeted lakes, as well as the proportions of birds
engaged in behaviours including breeding, feeding and loafing.
Macroinvertebrates
Macroinvertebrate sampling was conducted along ten metre transects at four widely
spatially distributed sites within each of the targeted lakes. Each ten metre transect was
proportionately representative of the predominant habitats at each site. Using a scooping
motion, a 30 cm x 35 cm sweep net with a 250 µm mesh (Figure 3 d) was used to agitate
the substrate, vegetation and/or woody debris along each transect. The contents of each
sweep net was then preserved in ethanol and returned to the laboratory for identification
purposes. Samples were sorted under a dissecting microscope and identifications were
made to family level, and genus level where possible.
Summary tables were used to highlight the relative abundances of the macroinvertebrate
families sampled at each lake. While identifications were made to genera where possible,
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it was deemed appropriate to discuss the macroinvertebrate communities at a family level
given the implementation of the rapid-assessment system outlined below.
The ‘Stream Invertebrate Grade Number – Average Level 2’ (SIGNAL 2) rapidassessment scoring system was used to infer the general water quality conditions
affecting the targeted macroinvertebrate communities (Chessman, 2003). While the
SIGNAL 2 score system was primarily designed for use in flowing environments, it has
been widely implemented in the assessment of standing water systems, such as wetlands.
Weighted SIGNAL 2 scores were calculated based on the sensitivity grades (or tolerances
to physico-chemical stressors) and relative abundances of the different families sampled
in each lake (Chessman, 2003). SIGNAL 2 wetland categories were then determined
from a SIGNAL bi-plot using SIGNAL 2 scores and family richness (Chessman, 2003).
Water quality
Water quality baseline surveys were carried out at the targeted lakes on the 27th February
- 3rd March 2006. Some preliminary data was collected on the 22nd-23rd of November
2005 however this data has not been included in the results (Section 4.3) due to low
spatial replication. Survey procedure was developed using Recommended Methods for
Monitoring Floodplains and Wetlands (Baldwin et al., 2005) and Your Wetland:
Monitoring Manual, River Murray, South Australia (Tucker, 2004).
Physico-chemical parameters including electrical conductivity (EC µS.cm-1 at 25°C),
dissolved oxygen (DO mg.L-1), pH, turbidity (NTU) and water temperature (°C) were
measured in situ at four spatially disparate sites per wetland (Figure 2) in February and
March 2006. A number of water samples were also collected for the ex situ analysis of
concentrations of chlorophyll a as an index of phytoplankton biomass, as well as standard
nutrients including total nitrogen (TN), oxides of nitrogen (NOx), ammonia-nitrogen
(NH3), total phosphorus (TP), filterable reactive phosphorus (FRP) and dissolved organic
carbon (DOC). Supplementary information including time of day, weather conditions and
dominant vegetation types was recorded to facilitate the interpretation of the water
quality data.
At each site, EC, DO, pH, turbidity and water temperature were measured in the littoral
zone using a U-10 multi-probe (Horiba Ltd.; Figure 3 f) placed approximately five to ten
centimetres under the water surface. The multi-probe was operated and calibrated
according to the Horiba U-10 Water Quality Checker instruction manual (Horiba Ltd.,
1991).
In order to measure chlorophyll a concentrations, 1 L water samples were collected from
just under the water surface at four sites per wetland. These samples were stored on ice in
a dark esky to impede phytoplankton production until such time as they could be filtered
using Whatman GMC filter papers. These filter papers were then sealed in aluminium foil
and frozen for storage. Chlorophyll a samples were analysed at the MDFRC, Mildura
using a hot ethanol extraction method (MDFRC, 2006). Briefly, this involved steeping
the filters in a 10 ml solution of 95% ethanol, heating the samples to 87ºC, shaking and
cooling samples and subjecting the samples to a fifteen minute period in a centrifuge at
two thousand revolutions per minute to reduce suspended sediment levels. Three ml
samples were then analysed in a spectrophotometer at wavelengths of 665 and 750 nm to
determine the total chlorophyll pigment (Golterman and Clymo, 1971).
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Water samples for the analysis of TN/TP were collected in 250 ml containers. NOx, NH3,
FRP and DOC samples were filtered from these whole water samples using sterilised
syringes and sterile micro bePORE cellulose acetate 0.45 µm pre-filters and 0.20 µm
filters flushed with distilled water. Nutrient samples were labelled, bagged and placed in
ice filled eskies (< 4 °C) for transportation. Samples were then frozen (< -15 °C) until
they could be processed at the NATA accredited Chemistry Laboratory at the MDFRC,
Wodonga.
In order to facilitate the interpretation of the data, summary tables were constructed to
highlight the mean (± S.E.), minimum and maximum parameter values measured in each
of the lakes. Results were used to interpret the spatial variations in water quality
throughout the targeted lakes.
In order to provide a standardised assessment of water quality condition, mean water
quality values were also compared with the trigger levels outlined by the ‘Australian and
New Zealand Guidelines for Fresh and Marine Water Quality’ (ANZECC, 2000). While
water quality variables can vary naturally due to drought or increased inflows, ANZECC
trigger values represent the concentrations/loads of specific indicators below which it is
considered there is a low risk of adverse biological impacts. Values exceeding ANZECC
(2000) trigger values should prompt further investigation into water quality condition but
do not necessarily indicate a degraded system. The ANZECC (2000) trigger levels listed
in Table 5 were described for slightly disturbed ecosystems in south-east Australia. Two
ecosystem categories are shown for each indicator since both are considered pertinent to
the targeted wetlands.

Table 5: ANZECC (2000) default trigger values for physical and chemical stressors
in slightly disturbed ecosystems in south-east Australia.
Trigger levels are used to assess the risk of adverse effects due to indicators including electrical
conductivity (EC), pH, turbidity, total phosphorus (TP), filterable reactive phosphorus (FRP),
total nitrogen (TN), oxides of nitrogen (NOx), ammonia (NH3) and chlorophyll a (chl a). No
trigger levels are available specifically for wetlands.
Physical and chemical stressors
EC
µS.cm-1
pH
Turbidity
NTU
TP
µgP.L-1
FRP
µgP.L-1
TN
µgN.L-1
NOx
µgN.L-1
NH3
µgN.L-1
Chl a
µg.L-1

ANZECC (2000) trigger values and ranges
Lowland rivers
125-2200
Lakes & reservoirs
20-30
Lowland rivers
6.5-8.0
Freshwater lakes & reservoirs 6.5-8.0
Lowland rivers
6-50
Lakes & reservoirs
1-100
Lowland river
50
Freshwater lakes & reservoirs 10
Lowland river
20
Freshwater lakes & reservoirs 5
Lowland river
500
Freshwater lakes & reservoirs 350
Lowland river
40
Freshwater lakes & reservoirs 10
Lowland river
20
Freshwater lakes & reservoirs 10
Lowland river
5
Freshwater lakes & reservoirs 5
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4.2.3 Wetland vegetation mapping methodology
Wetland vegetation is important intrinsically and vegetation maps are the basic
information for management. However, at Kerang there are significant populations of
waterbirds, and these use wetland vegetation, live and dead, for perching, roosting and
nesting, as well as for shelter. For this reason, the distribution of dead wood was also
mapped. Although dead trees and dead wood are generally recognised as important for
fauna, they are not routinely mapped alongside live vegetation.
Wetland EVCs
Since the completion of the regional vegetation mapping (ARIER Spatial Vision and
Ecology, 2003), a typology for wetland vegetation has been developed and 110
Benchmark descriptions are now available for wetland EVCs (DSE Website).
Theoretically, it should be feasible to interpret contemporary wetland vegetation and
prepare a map using only the EVCs listed in Benchmark descriptions. However, this is a
shift in approach from conventional mapping methods such as was used to map northwest Victoria, which are based on a priori interpretation from aerial photographs backed
by ground truthing that records quantitative information in the field, then derives a
number of vegetation types or communities through analysis of field information.
However, when vegetation types are pre-determined, as is the case if mapping wetland
EVCs, mapping follows a different procedure; instead, observations of wetland
vegetation are used to assign a patch of vegetation to a wetland EVC. The challenge and
limitations of this are that the EVC benchmarks do not address the range of variations
that result form 150 years of European settlement.
Fortunately, it is not necessary to eyeball all 110 IWC Wetland EVCs to determine which
ones are applicable to the seven Kerang wetlands. A short list of likely EVCs can be
prepared by considering the regional physiography, selecting one or two likely Landscape
Profiles as described in the report ‘Index of Wetland Condition - Assessment of wetland
vegetation’ (DSE 2006), and then determining which sub-habitats apply. For each subhabitat, a list of wetland EVCs is provided. This procedure is explained further below
(Mapping units - Assigning a Wetland EVC) and points to the difficulty of applying a
Benchmark to highly modified wetlands.
Vegetation Mapping
The digital imagery available for this mapping project was 1:40,000 geo-rectified colour
orthophotography. The images had a pixel resolution of 60 cm and an on-ground
accuracy of 3.7 m, and were flown relatively recently in November 2004.
The mapping procedure was as follows;
1. Preliminary mapping identified vegetation units occurring at each wetland.
Vegetation units were recognised from orthophotos based on a range of characters
such as colour, texture and intensity, and using the location and personal
experience of wetlands as a guiding factor. Units were traced onto hard copy
images at a scale of 1:10,000 (depending on the wetland) for use in the field.
2. Vegetation units were checked in the field (i.e. ground-truthed) and characteristics
such as structure, and dominant and contributing species were noted for the
subsequent identification of relevant EVCs (Ecological Vegetation Classes).
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3. Vegetation units were revised in accordance with ground-truthing and mapped as
wetland EVCs or as a general broad vegetation type, in the case of the riparian
fringe. Vegetation units were assigned to a wetland EVC as described below
(Mapping units - Assigning a Wetland EVC). Mapping was prepared on hard
copy for digitising at a scale of 1:2000, and 1:5000 for the central area of Middle
Lake.
4. Using the GIS software ArcView 3.2, EVCs and broad vegetation types were then
digitised onto orthophotography at a scale of 1:800.
The field work component of the mapping process was conducted from the 5th to the 10th
of April 2006. Ground-truthing concentrated on the littoral zone, and on covering as
many vegetation units in the seven wetlands as possible. This was because preliminary
inspections of the orthophotography indicated that with the exception of Middle Lake,
wetland vegetation was not extensive and was concentrated in the littoral zones. In
addition, the littoral vegetation was highly fragmented, with multiple small patches, and
few large units, therefore there were a number of vegetation units to be checked.
It became clear that it was most time-effective to move around conducting field
inspections by vehicle and on foot. Boats were not used since most of the vegetation was
littoral and also because strong winds generated large waves on the open water.
Binoculars were used to do some inspections from a distance. This was most useful from
an elevated position (such as the bird hide at Middle Lake). Nevertheless, in most cases,
pushing through the emergent macrophytes from shoreline to open water was the most
reliable way of determining species of emergent macrophytes, of recording zonation
patters and of locating patches of floating-leafed macrophytes.
Coverage: Site inspections covered most shores of most wetlands with the following
exceptions where permission was denied or landholders could not be contacted: extreme
south-western and north-eastern shorelines of Kangaroo Lake; north-western shore of
Racecourse Lake; southern shore of Little Lake Charm; southern shore of Third Lake;
western shore and north-central area of Middle Lake; and the eastern shore of Reedy
Lake. Where possible, these areas were inspected remotely, using binoculars however in
general, mapping for these areas is of a lower reliability than elsewhere.
Species identification: Species were identified in the field. All species recorded in field
notes are listed in Appendix B. Where necessary, specimens were collected for formal
identification. Isobel Crawford of Australian Botanical Surveys, Canberra and the
National Herbarium, Canberra, identified ten field specimens, and five of these are
lodged as voucher specimens in the National Herbarium, Canberra. Charophytes were
identified by Dr Michelle Casanova, Honorary Associate of National Herbarium of
Victoria, expert in the Characeae, and voucher specimens of these will be retained for
curating and eventual placement in the National Herbarium, Canberra.
Nomenclature for vascular plants and ferns follows Flora Victoria (Walsh and Entwistle,
1994, 1996 and 1999). Nomenclature for the charophytes was provided by Dr Michelle
Casanova, who is currently undertaking revision of some species.
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Mapping units
Assigning a Wetland EVC
Vegetation was assigned to an EVC by first developing a list of candidate EVCs, then
assigning vegetation to one of these candidate EVCs by one of two approaches: best
approximation or broad concurrence (described below). Preference was given to using
wetland EVCs that were not classed as aggregates.
Candidate EVCs: A short-list of likely (.i.e. ‘candidate’) wetland EVCs was developed
by following the protocol outlined for the Index of Wetland Condition (DSE 2006),
which requires determining a suitable landscape profile, then selecting likely Sub-habitats
within that. For this project, three landscape profiles were inspected;
#12 Riverine – Mid-Murray (geographically correct)
#13 Riverine-Mallee (because of its proximity)
#16 Lacustrine (appropriate description of wetland)
This was necessary as the modifications to the wetlands through time mean gross changes
in their character, making it unlikely that they could be easily assigned to a single type.
This returned four potential Sub-habitats; 12.2 Lagoons, 13.4 Lagoons and backwaters,
16.2 Brackish Lake Aggregate and 16.3 Freshwater Lake Aggregate. These comprised
respectively: one EVC (334 Billabong Wetland Aggregate comprising elements of five
EVCs), four EVCs (Aquatic Herbland, Billabong Wetland Aggregate, Submerged
Aquatic Herbland and Tall Marsh), twelve EVCs (not listed here), and twenty-two EVCs
(not listed here) plus eight EVCs for ‘wooded verges’, or riparian fringe.
This list was rationalised by excluding ecologically and geographically inappropriate
EVCs (e.g. EVCs associated with hypersaline, coastal, or stony rises) and addressing
repetitions. EVC names are a reasonable starting point for determining relevance but it
was also necessary to read descriptions to filter out irrelevant EVCs and also consult
bioregional listings. The candidate list was revised following field work.
Best approximation: Best approximation to an EVC Benchmark is used when the pre1750 EVC modelling lacks the resolution necessary for benchmarking (i.e. Kangaroo
Lake, Racecourse Lake and Lake Charm), or if the vegetation evident in the field in April
2006 bears little resemblance either to current EVC mapping (Racecourse, Little Lake
Charm, Third and Reedy lakes) or to pre-1750 mapping (Little Lake Charm, Third,
Reedy Lakes). The phrase ‘best approximation’ is deliberately used to convey that there
was not a perfect correspondence between the EVC Benchmark and what was seen in the
field.
Benchmark descriptions for wetland EVCs follow a standard format with a Description
(vegetation structure, typical water regime, regional or physiographic distribution), a list
of Indicator Species (‘some or all of which should be present’), followed by four criteria
to be used if doing a condition assessment such as IWC (DSE 2005, DSE 2006). In
assigning an EVC, the greatest weight was given to the structural characteristics in the
Description and the presence of the species featured in the EVC name. Thus, for an area
to be mapped as EVC 292 Red Gum Swamp (where this was not shown in pre-1750
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modelling), it was necessary for the vegetation to be woodland dominated by River Red
Gum with a sedgy-herbaceous understorey including aquatic species.
Broad concurrence: Broad concurrence with the modelled pre-1750 distribution of
EVCs (other than aggregates or mosaics, see above) was used when the current
vegetation could, conceivably, be a derivative of the pre-1750 modelled vegetation.
Broad concurrence does not imply a good match, only that there are indications of
continuity.
Sub-dividing a Wetland EVC
Two circumstances were recognised where an EVC was sub-divided for mapping
purposes; intrinsic and significant species variability, and gross differences in abundance.
Intrinsic and significant species variability means an EVC is showing considerable
variability in dominant species or species composition and this heterogeneity is likely to
become ecologically important in the future.
The EVC in question here is 821 Tall Marsh, as described below. Gross differences in
abundance are to distinguish vegetation patches that are dense or have high cover from
those that are sparse or have low cover. A few EVCS occurred sparsely.
Intrinsic species variability: The surveys of the 1990s (Appendix A – Table i) found
that reed beds were significant at all seven wetlands and this is still true in 2006 (Section
4.3 - Results, discussion and implications of data). In the field, it became apparent that
the plant communities referred to as reed beds, which are the stands of tall emergent
macrophytes and here mapped as wetland EVC 821 Tall Marsh, are internally variable in
terms of which species are dominant, and are dynamic and undergoing change, though
the time-scale for this is not clear. Mapping all stands of tall emergent macrophytes as
Tall Marsh would obscure these characteristics of variability and change, and treating all
the emergent macrophytes as ecological equivalents means ignoring subtle differences in
architecture (culms versus basal leaves versus cauline leaves) and would be a poor record
of the relative abundance of invasive indicator species. Accordingly, this particular EVC
was mapped at a finer level than other EVCs.
The benchmark description for EVC 821 Tall Marsh emphasises that it is dominated by
tall emergent graminoids, the structural dominants being variously Cumbungi Typha spp.,
Common Reed Phragmites australis, River Club-Rush Schoenolectus validus, and Giant
Rush Juncus ingens. Although structurally distinctive compared with other wetland
EVCs, Tall Marsh is internally variable, depending on which of the four species of tall
emergent macrophytes is dominant. All four species are rhizomatous and can form dense
mono-specific stands under favourable conditions; all four are adapted to water-logged
conditions; and all four appear to occupy a similar environmental niche. However the
species differ in character (three are highly invasive), differ in form (two do not have
leaves but only culms), and differ in stem or culm density; they also differ in internal
structure and therefore differ in their tolerance of submersion, root anoxia and capacity to
ventilate their rhizome.
What this means is that even small changes in site conditions, including water regime,
may favour one species over another, and result in gradual replacement. The potential
significance of this is that four species offer different types of habitat, so a shift in the
dominant species could signal a shift in a habitat type.
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Therefore in order to capture the possibility of species changes into the future, EVC 821
was mapped by its dominant species, where possible, and occasionally by mixes of
dominant species, and where a line of regeneration or recruitment was evident (Table 6).
Area estimates for Tall Marsh can be expressed as a total or as mapped sub-divisions.

Table 6: Mapping units for EVC 821 - Tall Marsh.

Mapping Unit

Meaning
Generic, non-specific mapping unit

Tall Marsh

Non-specific, either because dominant species were not
determined in the field or could not be established from
photography. Landward side is usually a fringe of Spiny Rush.

Colonising

An establishing fringe or outlying line of Tall Marsh, either
through vegetative expansion or seedling recruitment. All field
inspections showed this was Cumbungi.

Dominated by a tall emergent macrophyte
Common Reed

Common Reed Phragmites australis dominant. Typically this
species occupies the entire elevation gradient in the littoral zone
from deep water to dry land, in decreasing height: and in this
situation is rarely fringed by Spiny Rush.

Giant Rush

Giant Rush Juncus ingens is substantially present, either as sole
dominant (rarely) or as co-dominant with Cumbungi and River
Club Rush

River Club Rush

River Club Rush Schoenoplectus validus is dominant. Landward
side is usually a fringe of Spiny Rush.

Cumbungi

Cumbungi Typha domingensis is dominant. A few patches are
dominated by Broad-leafed Cumbungi T. orientalis. Landward
side is usually a fringe of Spiny Rush.

Dominated by more than one tall emergent macrophyte
Cumbungi / River Club-Rush

A mix of Cumbungi Typha domingensis and River Club Rush
Schoenoplectus validus.

Cumbungi / Common Reed

A mix of Cumbungi Typha domingensis and Common Reed
Phragmites australis.

A mix of Tall Marsh and another EVC
Cumbungi / Salicaceae

Mix of Tall Marsh and Salicaceae, but mostly occurs as a mix of
Cumbungi and mainly Weeping Willow Salix babylonica.
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Sparse EVCs: Two EVCs are mapped as occurring both densely and sparsely, and one
EVC occurs only sparsely (Table 7). Ideally this separation should have a quantitative
basis but the value of making this distinction was not recognised until after field work
was completed. One EVC occurred only very sparsely, the relevant vegetation patch
being considerably smaller than is correctly represented by the mapping. It is included for
conservation reasons.
Table 7: Mapping units for abundant and sparse EVCs.

Mapping Unit

Meaning
653 Aquatic Herbland

EVC

Comprising Ludwigia peploides, Myriophyllum papillosum, and Persicaria
decipiens and/or Persicaria hydropiper.
Reliability: mixed. Patches were field-truthed in Racecourse (north-east),
Third (north-east) and Middle lakes (southern); remainder inferred from
photography.

EVC - Sparse

Reliability: low. Patches were inferred from aerial photography and
experience of wetland ecology.

823 Lignum Swampy Woodland
EVC

Comprising Muehlenbeckia florulenta clumps, vigorous, often flowering;
typically with fringe of cumbungi, or sheltering traces Aquatic herbland;
rarely with fringe River Club-Rush. At Middle lake, interspersed with dead
young trees.
Reliability; good for Middle (south and central) and Reedy (north-western)
lakes. Remainder is low, inferred from aerial photography.

EVC - sparse

Reliability: low. Inferred from aerial photography, should be checked.

918 Submerged Aquatic Herbland
EVC

Inferred to be Vallisneria americana. Mapped only for Racecourse (evidence
in Appendix I) but probably occurs also in Reedy (evidence is drift, Appendix
J) and Middle Lake (is more protected).
Reliability: low.

EVC - Sparse

Reliability: low.

Riparian fringe
The riparian fringe, or the vegetation surrounding a wetland, is in ecological terms, part
of a wetland and hence should be included in mapping and in wetland condition
assessments (e.g. DSE 2005). In the field, it became apparent that the riparian fringe was
highly modified, very disturbed, and fragmented. It is a mix of disturbed remnants and
recent re-growth in response to altered conditions at the wetlands, consequently current
vegetation bears little resemblance to pre-1750 conditions as described by the various
Benchmarks.

43

EVCs were not assigned to these disturbed fragments for pragmatic reasons. First, there is
no easily-available reference information. The pre-1750 modelling is at a scale that does
not show any riparian vegetation around any of the seven wetlands (Appendix A Figures i and ii). Second, the riparian zone is the moister areas around wetland and is not
constrained to regions or wetlands consequently a species or species group may occur
quite widely. This means that the pool of reference EVCs is potentially quite large. Third,
there is little advice available for working with highly modified EVCs.
Resolving these issues is feasible but would have absorbed all the time available for
mapping. Accordingly, a simple mapping system was used, based on native versus nonnative woody vegetation immediately adjacent to the wetland. This makes it possible to
show the prevalence of non-native vegetation.
Riparian Fringe comprises five mapping units, plus one mixed unit and a mapping unit
for other parts of the riparian zone (Edge) that is presented only occasionally (Table 8).
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Table 8: Mapping units for riparian fringe.

Mapping Unit

Meaning
Native

Red Gum Woodland

Dominant tree species is River Red Gum Eucalyptus camaldulensis; may be
remnant, re-growth or a mix of these two.
This covers a range of understorey types, mostly with the introduced tussocky
Spiny Rush.

Native Remnant

Remnant patches of native vegetation, including isolated trees. Dominant
species identified in the field as Eucalyptus (E. largiflorens usually) or
Melaleuca (M. lanceolata), or assumed native from canopy characteristics but
not confirmed in field.
Understorey characteristics not specifically considered in this mapping unit
but likely to be variable to non-existent, for isolated trees.

Planted Native Trees

Isolated trees or patches of trees that appear o be planted. Australian but not
necessarily native to the region.

Non-native
Salicaceae

Includes all members of the Salicaeae. Weeping Willow Salix babylonica,
Tortured Willow Salix matsudana and Salix X rubens; also Populus alba and
Populus nigra.
In nearly all instances, especially trees occurring within, rather than adjacent
to, the wetland this will be Weeping Willow. The other species are localised to
a particular lake or occur as isolated trees.

Non-native trees

Non-native trees, other than Salicaceae, including planted and self-dispersing
species, that occur in the immediate riparian zone and have a canopy
overhanging into the wetland. The most commonly occurring species are Date
Palms and Tamarisk or Atholl Pine Tamarix aphylla, particularly around
Kangaroo Lake

Native and Non-native
Red Gum Woodland and nonnative trees

Mix of Red Gum and non-native trees.

Native Remnant and nonnative trees

Similar to above but more shrubby, the non-native species comprising briar
Rosa rubiginosa, African Box-thorn Lycium ferocissimum.

A fine example of this occurs along the north-west riparian zone where there
is a mix of well-established regenerated Red Gum and Weeping Willow Salix
babylonica, with Spiny Rush Juncus acutus and Tangled Lignum
Muehlenbeckia florulenta in the understorey.

Other
Edge

This is a general term to refer to non-identified shrubby or forb vegetation in
the riparian zone. An example occurs along the southern shoreline of
Kangaroo Lake where parts are a short cropped grassland of kikuyu
Pennisetum clandestinum that gradually becomes more shrubby further north.
This unit lies outside the wetland and its presence is not consistently mapped.
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Submerged macrophytes
Only once during the field truthing were submerged macrophytes incidentally observed at
the water surface, indicating a general lack of these plants. To confirm this, a systematic
search was done subsequent to field-truthing.
At each wetland, a total of five sites (fewer if access could not be organised) were
sampled for submerged macrophytes in the northern, southern, eastern and western shores
of each wetland. Where possible, inlets or bays were sampled since these quiet protected
areas are most conducive to submerged macrophyte growth. In general, the western shore
was sampled twice as it was expected to be generally better protected against prevailing
winds than the eastern shore (although more intensively used for recreation), and
therefore more likely to sustain submerged macrophytes.
At each site, a 10 to 15 m long transect parallel to the shore was carefully searched, by
walking at a constant depth; multiple depths were done where possible. The benthos was
searched by looking, by sweeping with the hand or by careful feeling with feet. Visual
searches were used in water to 10 cm deep, hand sweeps in water 15-50 cm deep, and
foot searches in water deeper than 50 cm.
Quality
Reliability: Since the imagery was some 18 months old at the time of mapping and
ground-truthing, it is likely to be more reliable for some species than for others. The
imagery will be most reliable as a guide to the distribution of woody and perennial
species (.i.e. trees, shrubs and medium-tall emergent macrophytes), except in the unlikely
circumstances of major disturbance or clearing. However, reliability is expected to be low
or variable for vegetation types dominated by short-lived or seasonal species.
Seasonal dieback may occur in the seven lakes but is not expected to be as strong a
characteristic of the seven wetlands as in areas with cooler winters or seasonal or
intermittent water regimes. The Kerang region has comparatively mild winters and the
seven wetlands all have a permanent water regime, characteristics that reduce (but do not
eliminate) seasonal patterns.
Limitations of vegetation mapping: Since the emphasis was on determining the
dominant and characteristic species present in order to assign vegetation units to wetland
EVCs and their variants (in the case of EVC 821: Tall Marsh), it was not possible within
the time frame to do targeted searches for species of conservation significance, such as
those recorded by O’Donnell et al. (1990) or for pest plant species such as recorded by
SKM (2001).
Similarly, although the riparian zone around each wetland is normally assessed as part of
wetland condition, it was not mapped in the same resolution as the wetland EVCs, due to
time constraints (see Riparian fringe above).
As mapping was conducted using orthophotos, it was not feasible to do a stereoscopic
interpretation. Stereoscopic interpretation is a standard and widely used way of detecting
differences in vegetation structure across landscapes, nevertheless the digital imagery
made it possible to inspect the wetlands in considerable detail.
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As there were no boundaries suggested for the mapping, wetlands were defined
pragmatically as the area enclosed by the water line and did not include the channels
between wetlands.
Mapping dead wood
Dead trees have rarely featured in wetland vegetation mapping. This is possibly because
imagery of sufficient resolution has only become readily available in the last decade: for
example, the earlier study of the vegetation (O’Donnell, 1990) used aerial photography.
However, it may also reflect a tradition that vegetation mapping is for live or sustaining
plant communities.
The resolution and colour of the imagery provided was of such quality that it was
possible to detect the occurrence of standing dead trees within the wetlands. This was
therefore an opportunity to trial the mapping of these and methods are detailed below (see
Image interpretation). It became apparent, however, that it was not easy to distinguish
between different forms of dead tree hence this mapping is referred to generally as Dead
Wood mapping.
The process for mapping standing dead trees was similar to that used for vegetation
mapping (see Vegetation mapping). Preliminary maps were produced from imagery;
these were then taken in the field for truthing by comparison with observed distribution
of trees; observations were made and photographs taken; these were then used to revise
the maps.
Image interpretation: Images were scrutinised at resolution of 1:5000, and standing
dead trees mapped directly onto 2004 orthophotos (see Vegetation mapping) using
ArcView 3.2. As a result of the field truthing, it became apparent that it was also possible
to map fallen dead trees, and that at least some of the presumed standing dead trees were
actually stumps, in situ. Dead wood therefore means standing dead trees, stumps and
fallen dead trees. These were recorded as circular polygons, with the circle diameter
representing the longest dimension detectable, whether that was the ‘canopy’ of the tree
or its length, if fallen.
Accordingly, an approach was developed for recognising dead trees based on a suite of
attributes: colour, density, shape or distribution. Dead trees were typically very dark
green or black, so showed up clearly in contrast to water underneath; they were dense in
colour and defined in shape, and did not becomes less dense or ‘thin’ as does a bed of
colonising emergent macrophytes; in shape, they were typically long and then (if fallen
on the side), or had angular off-shoots (branches or root boles if fallen), round and
compact (if a stump) or rounded with thin off-shoots (standing dead with branches). In
some wetlands, dead trees had a distinctive distribution, for example, corresponding to a
former shoreline which helped to guide interpretation.
Field observations: Notes were made on relative abundance and size of the dead trees,
whilst doing routine ground-truthing for vegetation mapping, and areas of especially high
density were recorded on mud-maps. All observations and photographs were made 5-10th
April 2006.
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Mapping quality: The preliminary maps tended to under-estimate the abundance of dead
trees in two ways.
The first was due to a less intensive scrutiny in certain open-water areas where it had
been considered dead trees would be unlikely. The field inspection showed this a priori
judgement to be not sound, which emphasised the need for systematic searching across
the wetlands. This type of under-estimation was easily rectified.
The second was due to detection difficulties. Field observations noted dead trees in
circumstances that were difficult to detect on the imagery, notably when amongst
emergent macrophytes or when small. This type of under-estimation could not be easily
rectified.
Comparing the preliminary mapping with field observations of dead trees suggests that
the reliability of the dead tree mapping will be greatest over open water, and least in
amongst emergent vegetation and vegetation ‘islands’, most notably around the ibis
rookery in Middle Lake, where it is even possible that some vegetation is mapped as
wood.
Abundance & density: The quantity of dead wood per wetland is given in absolute and
in relative terms, as the number of dead trees detected per wetland, and the average
density of detected trees per wetland (absolute divided by wetland area). For this, wetland
area was re-calculated in the GIS, using the outline established during the vegetation
mapping.
Map production: The distribution of dead wood, like live vegetation, is shown as an
overlay onto the rectified image for each wetland (see Vegetation mapping). Dead wood
is shown as polygons, so is presumed to be a realistic representation of the dead wood in
one dimension, however the dimension is not specified. No distinction is made in the
database as to whether a dead wood polygon is standing dead, in situ stump or a fallen
dead tree.
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a

b

c

Figure 5 a-c: Examples of points discussed in relation to mapping.
a) Typha beginning to establish at some distance from the main stand (in foreground) on
Kangaroo Lake, possibly as a result of drawdown (mapped as Tall Marsh – colonising). b)
Introduced species are prevalent at wetland edge around some wetlands, and quite diverse:
Tortured Willow at Racecourse Lake (mapped as Non-native Riparian Fringe). c) Zonation at
Little Lake Charm from land to water of samphire Sarcornia sp., low Spiny Rush Juncus acutus
(smaller sparser tussocks), dense Spiny Rush (large thick green tussocks), cumbungi Typha
domingensis (mapped as Tall Marsh -Typha dominated).
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d

e

f
Figure 5 d-f: Examples of points discussed in relation to mapping.
d) Patch of Common Reed Phragmites australis, occupying entire littoral fringe from terrestrial
to water, western shore of First Lake, and showing height range from 1 to 2+ m; mapped as Tall
Marsh – Phragmites dominated. e) Beds of milfoil Myriophyllum papillosum well-established and
persisting behind the protective fringe of tall emergent macrophytes at Racecourse Lake, young
Typha domingensis (centre and left) and Schoenoplecus validus (right): mapped as Aquatic
Herbland. f) Disturbed vigorous riparian fringe at Third Lake, a mix of introduced trees and
native shrubs: mapped as Red Gum Woodland and non-native trees.
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4.3 Results, discussion and implications of data
4.3.1 Fauna and water quality
Fish
A total of 2,125 individuals representing eight native species (1,811 individuals) and five
exotic species (314 individuals) were sampled in the seven Kerang lakes (Figure 6). The
overall ratio of the native to exotic species (8:5 = 1.6) was within a range observed at
comparable Murray River wetlands (Ho et al., 2004; Ellis and Suitor, 2004; SARDI
Aquatic Sciences, 2006).
Australian Smelt (Retropinna semoni), Flathead Gudgeon (Philypnodon grandiceps) and
Bony Bream (Nematalosa erebi) were relatively abundant across the targeted lakes,
representing 38%, 24% and 13% of the total catch respectively (Figure 6). Other native
species including Carp Gudgeon (Hypseleotris spp.), Fly-Specked Hardyhead
(Craterocephalus stercusmuscarum), Golden Perch (Macquaria ambigua), Murray (or
Crimson Spotted) Rainbowfish (Melanotaenia fluviatilis) and Murray Cod
(Maccullochella peelii peelii) were less abundant representing 7%, 2%, 0.5%, 0.1% and
0.1% of the total catch respectively (Figure 6).
Of these less abundant species, the Fly-specked Hardyhead and the Murray Rainbowfish
had not been previously recorded at the targeted lakes (DSE, 2006a). Furthermore, three
of these species, namely Murray Cod, Murray Rainbowfish and Fly-Specked Hardyhead,
are considered threatened on a state level under the Victorian Flora and Fauna Guarantee
Act of 1988 (Victorian DSE, 2006). The Murray Cod is also listed as vulnerable on a
national level under the Environment Protection and Biodiversity Conservation Act of
1999 (DEH, 2006).

5%

Australian Smelt

6%

Bony Bream

2%

38%

Carp Gudgeon
Common Carp
Flathead Gudgeon
Fly-Specked Hardyhead
Gambusia

24%

Golden Perch
Goldfish
Murray Rainbowfish
Murray Cod

3%
7%

13%

Redfin
Weatherloach

Figure 6: Proportions of each species sampled across the seven Kerang lakes.
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The five exotic species recorded in the study were Gambusia (Gambusia holbrooki),
Common Carp (Cyprinus carpio), Redfin (Perca fluviatilis), Goldfish (Carassius
auratus) and Oriental Weatherloach (Misgurnus anguillicaudatus). Gambusia, Redfin
and Common Carp were the most abundant exotics across the lakes constituting 6%, 5%,
and 3% of the total catch respectively (Figure 6). Goldfish (0.5%) and Weatherloach
(0.1%) were sampled in relatively low abundance.
Neither Gambusia nor Weatherloach are currently listed at the seven lakes under the
Victorian Wildlife Atlas (DSE, 2006a; Appendix C), and the latter is of particular
concern as it is confirms both the current expansion in range of this invasive species in
the Murray Darling Basin and the ‘personal observations’ recorded in Koster et al (2002)
of Weatherloach in Lake Charm.
The structure of the fish communities in each of the lakes is, and has been, highly
influenced by ongoing stocking programs operating in the region. Over the past three
years, Fisheries Victoria has annually stocked the targeted lakes with a large number of
Murray Cod and Golden Perch (DPI, 2006; Appendix D). Fisheries Victoria has also been
stocking the Loddon River with Golden Perch fingerlings for a number of years, and
there have been reports that individuals have travelled through major channels to
First/Reedy Lake and the other targeted lakes (Ewan McLean pers. comm. May 2006).
It is therefore likely that most (if not all) the Murray Cod and Golden Perch sampled
during this survey were either directly or indirectly stocked as either juveniles or
fingerlings and were not the result of more natural spawning and recruitment events (Neil
Hyatt pers. comm. March 2006).
The three tagged Murray Cod (230-270 mm TL) captured at Kangaroo Lake, Third Lake
and First/Reedy Lake were stocked in February 2006 (Neil Hyatt pers. comm. March
2006; Appendix D). An untagged 72 mm (TL) Murray Cod, captured at Racecourse
Lake, was likely stocked as a 1-2 g fingerling in 2005 (Neil Hyatt pers. comm. March
2006). The juvenile Golden Perch sampled almost certainly represent some of the 70,000
or more untagged Golden Perch fingerlings released into the Kerang Lakes region every
year, while the older individuals were probably the result of past stockings in the nearby
Loddon River.
The structure of the fish communities at the seven lakes has also been highly influenced
by both recreational and professional fishing practises. Importantly, up until 2001-2002
the four northern Kerang Lakes were considered schedule 4 waters, meaning that they
were open to netting by both amateur and professional fishermen (Ewan McLean pers.
comm. May 2006). The intensity and frequency of netting would have affected the
abundance and structure of the fish assemblage. Considering that netting stopped only
four to five years ago, and that direct stocking commenced three years ago, it is likely
that the targeted fish communities may be going through a period of readjustment.
Notably, and in line with apparent basin-wide trends, neither Freshwater Catfish
(Tandanus tandanus) nor Silver Perch (Bidyanus bidyanus) were collected from the lakes
despite being previously recorded in the area decades ago (DSE, 2006a).
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Figure 7: Relative abundances of fish species sampled at the seven Kerang Lakes.

Australian Smelt was a dominant species in the fish communities at all the targeted lakes
comprising at least 20% of the total catch (Figures 7 and 8). Higher abundances of fish
were collected at Kangaroo Lake and Lake Charm than at the other targeted lakes,
primarily due to the higher relative abundance of Flathead Gudgeon and Bony Bream at
these lakes (Figure 7). A greater abundance of Flathead Gudgeon were sampled in the
most northern lakes, namely Kangaroo Lake, Racecourse Lake and Lake Charm, than in
Little Lake Charm and the Reedy Lakes System (Figure 7). Carp Gudgeon and Gambusia
were more abundant in Little Lake Charm, Third Lake, Middle Lake and First/Reedy
Lake than in Kangaroo Lake, Racecourse Lake and Lake Charm (Figure 7).
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Figure 8: The relative proportions of species sampled at each of the seven Kerang
Lakes.

Australian Smelt made up the greatest percentage of the total catch at all of the lakes with
the exception of Racecourse Lake and Lake Charm, where a greater proportion of
Flathead Gudgeon were sampled (Figure 8). Carp Gudgeon and Common Carp made up a
much smaller percentage of the total catch at Kangaroo Lake and Lake Charm than at the
other targeted lakes (Figure 8). Redfin constituted a similar percentage (2-10%) of the
total catch at all of the lakes.
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Table 9: A summary of the total catch at Kangaroo Lake. The relative abundances
and mean (± S.E.), minimum and maximum lengths (mm) and weights (g) of each
species are shown.

Max.

25

59

<4

Bony
Bream

Nematalosa erebi

140

100 ± 12

26

356

75 ± 28

Carp
Gudgeon

Hypseleotris spp.

3

28 ± 2

25

30

<4

Common
Carp

Cyprinus carpio

4

386 ± 5

374

398

687 ± 34

Flathead
Gudgeon

Philypnodon
grandiceps

112

39 ± 2

20

70

<4

Flyspecked
Hardyhead

Craterocephalus
stercusmuscarum

4

25 ± 2

20

30

<4

Gambusia

Gambusia
holbrooki

2

31 ± 7

24

38

<4

Golden
Perch

Macquaria
ambigua

4

278 ± 66

155

440

Murray
Cod

Maccullochella
peelii peelii

1

270 ± 0

270

Redfin

Perca fluviatilis

47

98 ± 18

32

Min.

Max.

±S.E.

Min.

40 ± 1

Mean

± S.E.

274

name

Retropinna
semoni

Scientific

Australian
Smelt

Common
name

Mean

Weight (g)

Relative
abundance

Total length (mm)

9

490

586

735

487 ± 287

56

1289

270

222 ± 0

222

222

420

98 ± 26

32

420

Relative abundance: 591
Species richness: 10
Ratio of native to exotic species: 2.33

A high species richness (10 species), total relative abundance (591 individuals) and ratio
of native to exotic species (2.33) was recorded at Kangaroo Lake (Table 9). Native
species including Australian Smelt, Bony Bream and Flathead Gudgeon were highly
abundant representing 89% of the total catch at Kangaroo Lake. The threatened Murray
Cod and Fly-Specked Hardyhead were sampled in low abundance while the exotic Redfin
was more abundant at Kangaroo Lake than at the other targeted lakes. Both juvenile and
large adult Redfin and Bony Bream were sampled at Kangaroo Lake which suggests there
has been recent recruitment into these populations. The largest Golden Perch (420 mm)
recorded over the survey was sampled at the northern tip of Kangaroo Lake (Figure 9 c).
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Table 10: A summary of the total catch at Racecourse Lake. The relative
abundances and mean (± S.E.), minimum and maximum lengths (mm) and weights
(g) of each species are shown.

52

<4

Bony
Bream

Nematalosa erebi

13

132 ± 36

19

415

138 ± 57

Carp
Gudgeon

Hypseleotris spp.

6

34 ± 5

23

52

<4

Common
Carp

Cyprinus carpio

7

308 ± 50

105

482

528 ± 176

Flathead
Gudgeon

Philypnodon
grandiceps

42

35 ± 1

25

45

<4

Flyspecked
Hardyhead

Craterocephalus
stercusmuscarum

22

22 ± 0

22

22

<4

Gambusia

Gambusia
holbrooki

6

23 ± 1

20

26

<4

Golden
Perch

Macquaria
ambigua

2

228 ± 57

171

284

Redfin

Perca fluviatilis

6

192 ± 22

94

262

Min.

Max.

±S.E.

27

Mean

Min.

46 ± 1

Max.

± S.E.

29

name

Retropinna
semoni

Scientific

Australian
Smelt

Common
name

Mean

Weight (g)

Relative
abundance

Total length (mm)

6

331

15

1356

199 ± 129

70

328

192 ± 22

94

262

Relative abundance: 133
Species richness: 9
Ratio of native to exotic species: 2

There was high species richness at Racecourse Lake; nine of the thirteen species observed
throughout the study were recorded at this lake (Table 10). The total relative abundance
of fish however was quite low, as small-bodied species like Australian Smelt and
Flathead Gudgeon, which often dominate wetland communities, were sampled in low
abundance. Two small to medium Golden Perch and one threatened species, namely the
Fly-specked Hardyhead, were also recorded at Racecourse Lake. Both young and large
adult Bony Bream, Common Carp and Redfin were recorded at the lake indicating recent
recruitment into these populations.
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Table 11: A summary of the total catch at Lake Charm. The relative abundances
and mean (± S.E.), minimum and maximum lengths (mm) and weights (g) of each
species are shown.

Max.

Min.

Max.

19

75

<4

Bony
Bream

Nematalosa erebi

99

98 ± 8

34

385

89 ± 27

5

493

Common
Carp

Cyprinus carpio

4

560 ± 39

484

666

2241 ± 470

1554

3620

Flathead
Gudgeon

Philypnodon
grandiceps

290

47 ± 2

35

155

<4

Golden
Perch

Macquaria
ambigua

1

130 ± 0

130

130

33 ± 0

33

33

Redfin

Perca fluviatilis

15

74 ± 1

67

78

0 ± 223

110

1826

±S.E.

Min.

50 ± 2

Mean

± S.E.

107

name

Retropinna
semoni

Scientific

Australian
Smelt

Common
name

Mean

Weight (g)

Relative
abundance

Total length (mm)

Relative abundance: 516
Species richness: 6
Ratio of native to exotic species: 2

Species richness was lower at Lake Charm than at the other targeted lakes; only six of the
thirteen species recorded throughout the study were identified at Lake Charm (Table 11).
Since there is a much greater proportion of open water habitat at Lake Charm than any
other habitat type (e.g. large woody debris, aquatic macrophytes etc.), species which are
biased to open water habitat may be more likely to thrive and persist in this lake. While
there was a limited number of species identified at Lake Charm, there was a high relative
abundance of Flathead Gudgeon, Australian Smelt and Bony Bream. Both juvenile and
adult Bony Bream were identified at Lake Charm which suggested there had been recent
recruitment into this population. One young Golden Perch was also sampled.
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Table 12: A summary of the total catch at Little Lake Charm. The relative
abundances and mean (± S.E.), minimum and maximum lengths (mm) and weights
(g) of each species are shown.

Max.

37

60

<4

Bony Bream

Nematalosa erebi

20

170 ± 16

77

446

90 ± 47

Carp
Gudgeon

Hypseleotris spp.

53

26 ± 2

17

127

<4

Common
Carp

Cyprinus carpio

16

237 ± 44

80

590

506 ± 190

Flathead
Gudgeon

Philypnodon
grandiceps

20

35 ± 3

20

61

<4

Fly-specked
Hardyhead

Craterocephalus
stercusmuscarum

1

28 ± 0

28

28

<4

Gambusia

Gambusia
holbrooki

23

32 ± 2

24

47

<4

Goldfish

Carassius auratus

2

113 ± 9

104

122

Redfin

Perca fluviatilis

6

216 ± 37

79

Weatherloach

Misgurnus
anguillicaudatus

1

112 ± 0

112

Min.

Max.

±S.E.

Min.

51 ± 1

Mean

± S.E.

93

name

Retropinna
semoni

Scientific

Australian
Smelt

Common
name

Mean

Weight (g)

Relative
abundance

Total length (mm)

6

980

8

2657

27 ± 10

17

36

355

267 ± 80

87

622

112

140 ± 0

Relative abundance: 235
Species richness: 10
Ratio of native to exotic species: 1

The species richness at Little Lake Charm was high primarily because five exotic species
were sampled at this lake (Table 12). High abundances of Gambusia and medium to large
Common Carp were recorded. One Weatherloach was also recorded; this exotic species is
rarely found in large numbers in the Murray-Darling Basin. Common native small-bodied
species such as Australian Smelt and Carp Gudgeon were highly abundant, while Bony
Bream and Flathead Gudgeon were moderately abundant. Both juvenile and large adult
Bony Bream, Redfin and Common Carp were present at Little Lake Charm indicating
that that there had been recent recruitment into these populations.
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Table 13: A summary of the total catch at Third Lake. The relative abundances and
mean (± S.E.), minimum and maximum lengths (mm) and weights (g) of each
species are shown.

Max.

<4

Nematalosa erebi

2

61 ± 3

58

63

Not weighed

Carp
Gudgeon

Hypseleotris spp.

64

28 ± 1

8

50

<4

Common
Carp

Cyprinus carpio

16

299 ± 44

60

580

770 ± 229

Flathead
Gudgeon

Philypnodon
grandiceps

17

58 ± 3

39

96

<4

FlySpecked
Hardyhead

Craterocephalus
stercusmuscarum

15

38 ± 4

16

63

<4

Gambusia

Gambusia holbrooki

31

26 ± 0

21

34

<4

Golden
Perch

Macquaria ambigua

2

278 ± 68

210

345

Murray
Cod

Maccullochella
peelii peelii

1

230 ± 0

230

Redfin

Perca fluviatilis

9

138 ± 7

87

Max.

Bony
Bream

Min.

Retropinna semoni

±S.E.

Min.

75

Australian
Smelt

Mean

± S.E.

37

name

54 ± 1

Scientific

150

Common
name

Mean

Weight (g)

Relative
abundance

Total length (mm)

19

2745

438 ± 282

156

720

230

150 ± 0

150

150

164

42 ± 5

16

61

Relative abundance: 307
Species richness: 10
Ratio of native to exotic species: 2.33

There was high species richness and a high ratio of native to exotic species sampled at
Third Lake (Table 13). Common small-bodied species like Australian Smelt and Carp
Gudgeon were relatively abundant. In addition, two threatened species, namely Murray
Cod and Fly-Specked Hardyhead, and two medium Golden Perch were sampled. Juvenile
Bony Bream and Redfin were also sampled and this suggests there was recent recruitment
into these populations.
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Table 14: A summary of the total catch at Middle Lake. The relative abundances
and mean (± S.E.), minimum and maximum lengths (mm) and weights (g) of each
species are shown.

Max.

47

60

<4

Bony
Bream

Nematalosa erebi

15

396 ± 31

168

561

1006 ± 153

Common
Carp

Cyprinus carpio

16

26 ± 2

9

34

<4

Flathead
Gudgeon

Philypnodon
grandiceps

18

49 ± 2

36

66

<4

FlySpecked
Hardyhead

Craterocephalus
stercusmuscarum

8

34 ± 4

21

48

<4

Gambusia

Gambusia
holbrooki

64

29 ± 2

20

125

<4

Goldfish

Carassius
auratus

8

83 ± 13

23

125

Redfin

Perca fluviatilis

9

154 ± 20

113

253

Min.

Max.

±S.E.

Min.

52 ± 0

Mean

± S.E.

106

name

Retropinna
semoni

Scientific

Australian
Smelt

Common
name

Mean

Weight (g)

Relative
abundance

Total length (mm)

70

2050

17 ± 2

12

23

72 ± 28

18

220

Relative abundance: 244
Species richness: 8
Ratio of native to exotic species: 1

There was moderate species richness at Middle Lake however half of the species sampled
were exotic (Table 14). Gambusia and Common Carp were relatively abundant; sixtyfour and sixteen individuals were sampled respectively. The native Australian Smelt
dominated the community (106 individuals) however other small-bodied native species,
including the threatened Fly-Specked Hardyhead, were sampled in low abundance.
Juvenile Common Carp and Redfin were sampled indicating that there was recent
recruitment into these populations.
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Table 15: A summary of the total catch at First/Reedy Lake. The relative
abundances and mean (± S.E.), minimum and maximum lengths (mm) and weights
(g) of each species are shown.

31

64

<4

Bony Bream

Nematalosa erebi

2

244 ± 137

107

380

299 ± 284

Carp
Gudgeon

Hypseleotris spp.

12

31 ± 2

16

41

<4

Common
Carp

Cyprinus carpio

4

390 ± 45

290

470

818 ± 245

Flathead
Gudgeon

Philypnodon
grandiceps

2

60 ± 1

59

61

<4

Fly-Specked
Hardyhead

Craterocephalus
stercusmuscarum

1

28 ± 0

28

28

<4

Gambusia

Gambusia
holbrooki

8

29 ± 1

28

28

<4

Golden Perch

Macquaria
ambigua

2

310 ± 90

220

400

639 ± 469

Goldfish

Carassius auratus

1

82 ± 0

82

82

Not weighed

Murray

Melanotaenia
fluviatilis

3

51 ± 2

48

53

<4

Murray Cod

Maccullochella
peelii peelii

1

245 ± 0

245

245

Redfin

Perca fluviatilis

9

254 ± 35

125

451

Min.

Max.

Rainbowfish

±S.E.

50 ± 1

Mean

53

Max.

Retropinna
semoni

Mean

Australian
Smelt

name

Min.

Weight (g)

± S.E.

Relative
abundance

Scientific

Common
name

Total length (mm)

15

583

312

1282

170

1108

280 ± 0

280

280

326 ± 132

26

1175

Relative abundance: 98
Species richness: 12
Ratio of native to exotic species: 2

First/Reedy Lake had the highest species richness of the seven targeted lakes. Twelve of
the thirteen species sampled over the survey were represented at this lake (Table 15).
While species richness was high, most species were present at the lake in low abundance.
The exception to this was the Australian Smelt which represented over 50% of the total
catch. Two-thirds of the species sampled at First/Reedy Lake were native. Furthermore,
three of these species are considered threatened on a state or national level (e.g. Murray
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Rainbowfish, Murray Cod, Fly-Specked Hardyhead). The three Murray Rainbowfish
sampled over the survey were all captured at First/Reedy Lake.

a

b

c

d

f

e

g
Figure 9: Fish species sampled included a) tagged Murray Cod, b) juvenile Murray
Cod, c) Golden Perch, d) Redfin, e) Bony Bream, f) Flathead Gudgeon and g)
Australian Smelt (Photographs f and g by Barry Hancock, NCCMA).
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Turtles
A total of seventy-eight individuals belonging to two species were sampled during the
study. The Eastern Long-Necked Turtle (Chelodina longicollis), an extremely widespread
and common species in the Murray-Darling Basin (Cann, 1998), was sampled in low
numbers at Racecourse Lake, Little Lake Charm, Third Lake, Middle Lake and
First/Reedy Lake (Figure 11 c, d). The Murray Turtle (Emydura macquarii) was recorded
at all seven lakes and was relatively abundant, with a maximum of sixteen individuals
caught per site (Figure 11 a). While Murray Turtles are relatively widespread in the
Murray-Darling Basin, numbers are thought to be in decline (Cann, 1998). Both species
sampled in this study had been previously recorded in at least one of the targeted lakes
(DSE, 2006a).

Murray Turtle

Eastern Long-Necked Turtle

C
ha
rm

rm

Murray Turtles were more widespread and much more abundant than Eastern LongNecked Turtles at the targeted lakes (Figure 10). Figure 10 also highlights that the total
relative abundance of turtles was much lower at Kangaroo Lake than at any of the other
lakes. It is possible that there may be less wetland vegetation or large woody debris at
Kangaroo Lake than at the other targeted lakes therefore the other lakes may provide
better food resources and habitat for turtles.
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Figure 10: The relative abundance of Murray (Emydura macquarii) and Eastern
Long-Necked Turtles (Chelodina longicollis) at the seven Kerang lakes.
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Table 16: A summary of the Murray Turtle (Emydura macquarii) and Eastern Long
Necked Turtle (Chelodina longicollis) catch at the seven Kerang lakes. The relative
abundance and mean (S.E.), minimum and maximum weights (g) and carapace
lengths (mm) are shown.

Mean

Min.

Max.

260

260

1892 ± 0

1892

1892

Eastern LongNecked Turtle

1

175 ± 0

175

175

551 ± 0

551

551

Murray Turtle

9

245 ± 20

120

300

1644 ± 195

502

2129

Lake Charm

Murray Turtle

7

234 ± 7

205

265

1316 ± 242

110

2096

Little Lake
Charm

Eastern LongNecked Turtle

2

218 ± 3

215

220

1005 ± 55

950

1059

Murray Turtle

7

224 ± 18

115

285

1322 ± 212

140

2180

Eastern LongNecked Turtle

3

222 ± 25

190

270

850 ± 406

148

1555

Murray Turtle

19

236 ± 5

200

270

1610 ± 109

835

2438

Eastern LongNecked Turtle

4

431 ± 28

360

485

1026 ± 174

611

1384

Murray Turtle

7

248 ± 20

132

283

1417 ± 338

26

2448

Eastern LongNecked Turtle

2

205 ± 10

195

215

981 ± 98

842

1120

Murray Turtle

16

188 ± 10

135

250

693 ± 133

38

1655

Murray Turtle

Racecourse
Lake

Third Lake

Middle Lake

First/Reedy
Lake

±S.E.

Max.

260 ± 0

Lake

Min.

± S.E.

Weight (g)

1

Kangaroo
Lake

Mean

Relative
abundance

Common
name

Total length (mm)

Total no. Murray Turtle: 66
Total no. Eastern Long-Necked Turtle: 12

Murray Turtles were most abundant at Third Lake and First/Reedy Lake (Table 16). In
addition to the captured turtles, numerous individuals were incidentally observed either
basking on dead wood or swimming with their heads out of the water at these lakes. A
few Murray Turtles were also incidentally observed at Lake Charm and Middle Lake.
While the majority of turtles sampled were adults, three juvenile Murray Turtles ranging
between 120 and 135 mm in carapace length were captured at First Lake, Middle Lake
and Little Lake Charm (Table 16). This suggests that there has been some recruitment
into these populations in the last year.
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It was observed that a small proportion of the Murray Turtles at Third Lake and Middle
Lake had shell deformities (Figure 11 b). Such deformities are often the result of nutrient
deficiencies caused by an inadequately varied diet, or of insufficient exposure to
ultraviolet light (Cann, 1998). Murray Turtles are omnivorous and typically need to
scavenge and graze upon a wide variety of foods including aquatic plants, algae,
molluscs, yabbies and carrion (Chessman, 1986).
Only three turtle species are found throughout the Murray-Darling Basin; the
aforementioned Eastern Long-Necked Turtle and Murray Turtle, as well as the BroadShelled Turtle (Chelodina expansa). No Broad-Shelled Turtles were captured in the
targeted lakes however this cryptic species is thought to have a limited and localised
distribution in Victoria (Cann, 1998).

a

b

c
d
Figure 11: The a) Murray Turtle (Emydura macquarii) was relatively abundant at
the majority of the targeted lakes. Some b) individuals with shell deformities were
captured at Middle and Third Lake. The Eastern Long-Necked Turtle (Chelodina
longicollis) (c, d) was relatively low in abundance at the targeted lakes.
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Frogs
Seven native frog species considered to be common and widespread in Victoria were
sampled at the targeted lakes over the survey (Table 17). The majority of species
previously identified as resident within north-central Victoria (Amphibian Research
Centre, 2006) were sampled at the targeted lakes, indicating that the targeted lakes
provide important habitat for regional species.
The majority of the species sampled had been previously recorded in at least one of the
targeted lakes as listed under the Victorian Wildlife Atlas (DSE, 2006a). Bibron’s
Toadlet (Pseudophryne bibroni) and the Barking Marsh Frog (Limnodynastes fletcheri)
were not listed at any of the targeted lakes (DSE, 2006a), most likely due to the limited
survey work that has been undertaken in the region. The threatened Growling Grass Frog
(Litoria raniformis), recorded at the Reedy Lake in 1961 (DSE, 2006a), was not sampled
in this study.
Species richness was greatest at those lakes with high riparian and littoral vegetation
values as well as shallow water habitats. This is not surprising considering that riparian
and littoral vegetation and shallow water habitats are often utilised by frogs to shelter,
feed and breed. The maximum species richness (i.e. seven species) was sampled at
Middle Lake, a lake with relatively high proportions of native vegetation and shallow
backwaters. The second highest richness of frog species (five species) was found around
the inlet between Channel Seven and Little Lake Charm (Figure 2), likely due to the
habitat provided by large tracts of Typha and other floodplain vegetation. Wetlands with
little undisturbed native vegetation, such as Kangaroo Lake and Lake Charm, had
correspondingly low species diversities. At these wetlands, the hardy Spotted Grass Frog
(Limnodynastes tasmaniensis) was the only species sampled (Figure 13 a).
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Third Lake

Middle Lake

1
Few

1
Few

1
Few

Barking
Marsh Frog

Limnodynastes
fletcheri

Bibron’s
Toadlet

Pseudophryne
bibroni

Eastern
Common
Froglet

Crinia signifera

1
One

1
One

Eastern
SignBearing
Froglet

Crinia
parinsignifera

1
Few

2
Few

Peron’s
Tree Frog

Litoria peroni

1
One

Pobblebonk

Limnodynastes
dumerili

Spotted
Grass Frog

Limnodynastes
tasmaniensis

First/Reedy
Lake

Little Lake
Charm

Lake Charm

Racecourse
Lake

Common
name

Scientific
Name

Kangaroo
Lake

Table 17: The distribution of frog species over the targeted lakes.
Numbers of calling individuals were estimated using the following scale; one, few (2-9), lots (1015), many (> 50). The number of sites at which each frog species was calling is presented
numerically.

1
Few

1
Few

4
Few

1
Few

4
Few

3
Few

1
One
8
OneLots

5
OneLots

1
Few

4
FewMany

2
Lots

5
FewLots

2
Lots

The frog community across the lakes was dominated by two species known to be
widespread in Victoria (Figure 12). Spotted Grass Frogs were recorded at over 50% of
sites where frogs were calling while Peron’s Tree Frogs (Litoria peroni) were identified
at 23% of the sites with frogs (Figure 13 a and b respectively). Only a total of a ‘few’
individuals of other species were sampled during the survey.
The distribution of these dominant species was strongly influenced by the seasons.
Numerous Peron’s Tree Frogs were calling in November 2005, however no calls were
recorded into January and March 2006 due to the likely conclusion of this species
breeding and calling season (Amphibian Research Centre, 2006). Spotted Grass Frogs
increasingly became the dominant calling species into January and March; this species
typically breeds and calls from July through to May (Amphibian Research Centre, 2006).
During spring, Peron’s Tree Frogs were identified at 62% of sites where frogs were
recorded while in summer and early autumn, the Spotted Grass Frog was calling at 80%
of sites where frogs were sampled.
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Barking Marsh Frog
8%
6%
4%
6%

Bibron’s Toadlet
Eastern Common Froglet
Eastern Sign-Bearing
Froglet
Peron’s Tree Frog

51%
23%
2%

Pobblebonk
Spotted Grass Frog

Figure 12: Distribution of species at sites where frogs were recorded calling.
Spotted Grass Frogs were the most common and abundant species surveyed at the seven
Kerang lakes (Table 17). ‘Lots’ of individuals were found within each of the wetlands,
usually at numerous sites. The estimated numbers of all other species were comparatively
low, as only one to ‘few’ calling individuals were identified per site.
Peron’s Tree Frogs and Barking Marsh Frogs were identified at Middle Lake, Third Lake
and near the connection between Little Lake Charm and Channel Seven, some of the
targeted wetlands with the highest riparian, littoral and floodplain vegetation values. As
Peron’s Tree Frog often inhabits trees and shrubs, an absence of adjacent woodland or
shrubland may have restricted the distribution of this species.
The Eastern Common Froglet (Crinia signifera) and Eastern Sign-Bearing Froglet
(Crinia parinsignifera) were sampled at Middle Lake and the area around Little Lake
Charm and Channel Seven, while Bibron’s Toadlet was sampled at Racecourse, Middle
and First/Reedy Lake. A single Pobblebonk (Limnodynastes dumerili) was identified at
Middle Lake.
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a

b

Figure 13: The a) Spotted Grass Frog (Limnodynastes tasmaniensis) and b)
Peron’s Tree Frog (Litoria peroni) were the most abundant frog species sampled
at the targeted lakes (photographs by Bernard McCarthy, MDFRC).
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Birds
Almost twenty-two thousand individuals belonging to thirty-five species were sampled at
the seven targeted lakes. Each lake was surveyed once in November 2005, January 2006,
and February 2006. Between eleven and seventeen species were observed at each lake
(Figure 14). Seventeen different species were recorded at Kangaroo Lake, Lake Charm,
Third Lake and Middle Lake, while fourteen species were observed at Racecourse Lake
and Little Lake Charm. Only eleven species were sighted at First/Reedy Lake. Species
richness likely varied between lakes in relation to the size and availability of habitat and
food resources. Due to their significant Ibis and Spoonbill rookeries, the numbers of birds
recorded at Middle and Third Lake greatly exceeded those observed at the other targeted
lakes (see Breeding below). Appendix E provides a detailed breakdown of the species,
counts, feeding guilds, locations and behaviours of the birds observed on each lake.
Breeding
A high proportion of the total numbers of birds surveyed were observed at the rookeries
on Middle and Third Lake. All birds recorded on these rookeries were considered to be
breeding for the purposes of this study. In total, over 18,000 Straw-necked Ibis, 784
Australian White Ibis and 591 Royal Spoonbills were breeding at the rookery on Middle
Lake (Table 18). This means that 90% of all the birds surveyed throughout the study were
breeding Ibis and Spoonbill. Only 0.2% of total bird numbers were recorded on the
smaller rookery on Third Lake; 152 Australian White Ibis and 29 Straw-necked Ibis were
observed on this rookery.
Table 18: Breeding Ibis and Spoonbills at rookeries in November 2005 and
January and February 2006.
Lake
Middle Lake

Visit
November
January
February

Australian White
Ibis
400
250
134

Straw-necked Ibis
8000
7000
3050

Royal Spoonbill
205
208
178

Third Lake

November
January
February

52
40
60

10
10
9

0
0
0

The numbers of Ibis at the Middle Lake rookery decreased from November to February.
In November, 8400 Ibis were recorded at the rookery however by February, only 3184
individuals were observed at this breeding ground. Numbers of breeding birds may have
declined as young fledglings and parents moved away from the rookery to feed. While
Ibis numbers changed over time, the numbers of breeding Royal Spoonbills remained
roughly the same, with 205 and 178 individuals recorded in November and February
respectively.
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Figure 14: Proportion of species breeding at the targeted lakes.

In addition to Ibis and Spoonbill, Australian Shelduck, Great Cormorant, Darter and
Purple Swamphen were observed exhibiting breeding behaviour. Figure 14 highlights that
only a small proportion of the species sampled at Third Lake, Middle Lake, Reedy/First
Lake and Little Lake Charm were breeding. No birds were recorded breeding at
Kangaroo Lake, Racecourse Lake or Lake Charm.
Loafing
Across all the targeted lakes, only 2211 birds were not considered to be breeding. Of this
total, 1892 individuals (or 86%) were recorded loafing (e.g. not feeding) (Figure 15).
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Figure 15: Proportion of non-breeding or juvenile individuals observed loafing.
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Feeding
At most of the lakes, a significant percentage of the observed non-breeding birds were
fish/crustacean feeders (Figure 16, Table 19). This was not the case however, at Third
and Middle Lake. At Middle Lake, Australian Shelduck and Pacific Black Duck
accounted for 220 or 51% of the birds. Australian Shelduck consume wetland vegetation
and some animal matter in the water while Pacific Black Duck chiefly feed upon wetland
vegetation but supplement their diet with a small percentage of animal matter. At Third
Lake, Australian Shelduck and Australian Wood Duck comprised 547 or 59% of the total
number of surveyed birds. Australian Wood Duck primarily feed on aquatic and
terrestrial vegetation. As with Middle Lake, the majority of these individuals were not
observed feeding, and were therefore recorded as loafing.
Total no. fish feeders

Total no. fish feeders loafing
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Figure 16: Proportion of fish-feeding non-breeding birds at the targeted wetlands.

Only one filter feeding species and two diving species were recorded throughout the
study (Table 19). Six filter-feeding Pink-eared Duck were observed loafing at First/Reedy
Lake. In addition, one diving Musk Duck and seven diving Hardhead were recorded
loafing on Middle Lake.
A total of 172 dabbling ducks were seen throughout the survey. They were made up of
three species; Pacific Black Duck (150 birds), Grey Teal (18 birds) and Chestnut Teal (4
birds). Overall, 99% of these dabbling ducks were observed loafing.
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Table 19: Proportion of individuals recorded from different feeding guilds (Richard
Lyon pers comm.).
Feeding
guilds
D

Description of feeding guilds

dives from water surface to
catch fish or crustaceans
DA
dives from air or perch to
catch fish
DA/TFN
takes invertebrates from tidal
mudflats or muddy shores of
freshwater wetlands
Dab
dabbles or upends from water
surface to take food
DOW
takes invertebrates from deep
open water, usually by
picking at water surface while
wading or swimming
DV
takes invertebrates from
dense aquatic vegetation such
as reeds or sedges, or from
mud below or beside such
vegetation
Filter
filter feeder, taking food by
filtering along surface of
water
FS
takes fish from near water
surface
G
grazer, taking aquatic plants
and other vegetation such as
grass or plant tubers
LWB*
large wading bird, taking fish
and frogs while wading in
shallow water, mudflats or
marshes
OG
takes invertebrates from open
ground, which may be far tree
or shrub cover
TFN
takes invertebrates from tidal
mudflats or muddy shores of
freshwater wetlands
V
carnivore, taking vertebrates
as an important part of diet,
often along with large
invertebrates and other food
such as fruit (passerines)
VFW
takes invertebrates from
vegetated freshwater
wetlands, from mudflats or
water surface
* LWB includes breeding Ibis and Spoonbill.

Species
Richness

Total no.
individuals

% loafing

8

336

96

2

8

0

1

1

0

3

172

99

1

1

0

2

2

0

1

6

100

1

332

86

5

984

84

4

19638

100

1

10

40

1

35

66

2

14

14

3

107
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Threatened species
Seven species listed under the Advisory List of Threatened Vertebrate Fauna in Victoria
(Victorian DSE, 2003) as vulnerable, near threatened or endangered were observed on the
targeted wetlands over the course of the survey. These species included Royal Spoonbill,
Pied Cormorant, Hardhead, Whiskered Tern, Gull-billed Tern, Caspian Tern and Whitebellied Sea Eagle. Between two and four of these threatened species were observed at
each of the targeted lakes (Table 20).
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Middle Lake

9
9

9

9

9
9

Vulnerable
Near
threatened

9

9

First/
Reedy
Lake

Third Lake

Racecourse

Little Lake
Charm

Royal
Spoonbill
Pied
Cormorant
Hardhead

Kangaroo
Lake

Status *

Species

Lake Charm

Table 20: The distributions of vulnerable, near threatened or endangered species
at the seven Kerang wetlands (Victorian DSE, 2003).

9
9

9

Vulnerable

Whiskered
Near
Tern
threatened
Gull-billed
Endangered
Tern
Caspian
Near
Tern
threatened
Whitebellied
Endangered
Sea Eagle
* Advisory List of Threatened Vertebrate Fauna in Victoria (Victorian DSE, 2003).

9

9

9

9

9
9

9

9

The Royal Spoonbill breeding colony at Middle Lake likely represents highly significant
breeding ground for the Victorian Royal Spoonbill population. Although not confirmed in
this study, it is possible that there is also a small breeding population of Royal Spoonbill
on the east side of First/Reedy Lake (Garry Cheers pers comm. January 2006). In addition
to breeding Spoonbill, seven Hardheads were seen on Middle Lake and one Pied
Cormorant and eleven Royal Spoonbills were observed on First/Reedy Lake. At Third
Lake, two Caspian Terns, one Royal Spoonbill and six Pied Cormorants were seen over
the survey period.
The listed species observed at Racecourse Lake included two White-bellied Sea-Eagles
and fourteen Pied Cormorants. These birds were seen perched in willows and dead
vegetation. Two Caspian Terns, twenty-one Whiskered Terns and eleven Pied
Cormorants were seen at the adjoining Kangaroo Lake.
A greater diversity of listed species was present at Little Lake Charm than at the other
lakes. One Gull-billed Tern, forty-seven Whiskered Terns, twenty-two Pied Cormorants
and three Royal Spoonbills were seen on this lake. At Lake Charm, four Caspian Terns,
thirty-nine Whiskered Terns and thirty-five Pied Cormorants were present during the
survey.
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Macroinvertebrates
In April 2006, a total of 3264 macroinvertebrates belonging to 26 different families were
sampled at the targeted lakes. Of the 26 families identified at the lakes, four families
dominated the total macroinvertebrate assemblage collectively representing 92% of the
total catch (Figure 17, Table 22). Largely herbivorous freshwater shrimp (Family
Atyidae) made up the majority of the catch, constituting 59% (1698 individuals) of the
sampled assemblage (Figure 17). Non-biting midge larvae (Family Chironomidae)
constituted 16% (516 individuals) of the total catch, omnivorous freshwater prawns
(Family Palaemonidae) made up 12% (395 individuals) of the total sampled assemblage
and omnivorous scuds or sideswimmers (Family Paramelitidae) comprised 5% (169
individuals) of the total number of macroinvertebrates surveyed (Figure 17).
Each of these dominant families are common and widespread in a variety of freshwater
habitats in south-central Australia, chiefly due to their tolerance of a broad range of water
quality conditions. Furthermore, it is not uncommon for these families to dominate
macroinvertebrate communities in wetland systems similar to the targeted Kerang lakes
(Ellis and Meredith, 2005; Scholz et al., 2006; SKM, 2006).
In addition to these dominant taxa, a further twenty-two families were sampled across the
targeted lakes (Table 22). These families were sampled in relatively low abundance,
together constituting only 8% of the total catch (Figure 17). Included in this group were
four families considered moderately sensitive to a variety of physico-chemical stressors
(Chessman, 2003); caddisfly larvae (Family Leptoceridae), freshwater spiders (Family
Tetragnathidae), mayfly nymphs (Family Baetidae) and freshwater mussels (Family
Sphaeridae) (Table 22). As discussed below, these families possess the highest ‘Stream
Invertebrate Grade Number – Average Level 2’ grades (.i.e. 5-6) of the families identified
throughout this survey (Chessman, 2003). As expected, the four most abundant families
have low to moderate grades (.i.e. 3-4) (Table 21).

8%
5%
12%

59%

Atyidae
Chironomidae
Palaemonidae
Paramelitidae
Other

16%

Figure 17: The relative proportions of the dominant macroinvertebrate families
sampled across the seven Kerang lakes.
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The ‘Stream Invertebrate Grade Number – Average Level 2’ (SIGNAL 2) is a simple
scoring system which provides a rapid-assessment of water quality condition based on the
composition of a macroinvertebrate community (Chessman, 2003). As described in
Section 4.2.2 (Fauna and water quality sampling methodology), SIGNAL 2 scores are
best applied in flowing systems however, as they can provide some broad information
about the health of standing water environments, they have also been used in the
assessment of wetlands (Ellis and Meredith, 2005; SKM, 2006).
The weighted SIGNAL 2 scores shown in Table 21 were derived from the abundances
and sensitivity grades of the macroinvertebrate families sampled at each of the lakes.
Sensitivity grades are specified by the SIGNAL 2 score system and signify the tolerance
levels of different macroinvertebrate families to pollutants and other physico-chemical
stressors. Since the least tolerant families have a sensitivity grade of 10, whilst the most
tolerant families have sensitivity grades of 1, it is clear that the targeted
macroinvertebrate communities were dominated by relatively tolerant families (Table 21
and 22).
Lake Charm had the highest weighted SIGNAL 2 score (3.9) primarily because the four
families with the highest grades in the survey were found to be present (Tables 21 and
22). These families, namely Leptoceridae, Tetragnathidae, Baetidae and Sphaeriidae,
have SIGNAL 2 grades of 6, 6, 5 and 5 respectively. While Middle Lake had relatively
high family richness, a majority of these families had SIGNAL 2 grades of 1 and 2.
Therefore Middle Lake received the lowest SIGNAL score (2.7).
There was generally low variability in tolerance levels between communities from
different lakes (2.7-3.9). In fact, based on their SIGNAL 2 scores and family richness, all
the targeted lakes were categorised under the same SIGNAL 2 wetland category (i.e.
category four). Results falling under this category denote systems impacted upon by
anthropogenic influences such as river regulation and agricultural pollutants.
Table 21: The weighted scores and wetland categories calculated using SIGNAL 2.
Lake
SIGNAL 2
SIGNAL 2
Family richness
weighted
wetland category
scores
Kangaroo Lake

3.4

9

4

Racecourse Lake

3.3

10

4

Lake Charm

3.9

12

4

Little Lake Charm

3.2

11

4

Third Lake

3.1

17

4

Middle Lake

2.7

15

4

First/Reedy Lake

3.1

11

4
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Baetidae
Dytiscidae
Leptoceridae
Palaemonidae
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Glossiphoniidae
Mesoveliidae
Parastacidae
Sphaeridae

Figure 18: The total number of individuals from each family sampled at the seven
Kerang lakes.

The highest relative abundances of macroinvertebrates (> 630 individuals) were sampled
at Lake Charm, Little Lake Charm and Third Lake (Figure 18, Table 22). The majority of
the total catch in these lakes was comprised of freshwater shrimp (Family Atyidae) and in
the case of Lake Charm, non-biting midge larvae (Family Chironomidae) (Figure 18,
Table 22). Low relative abundances of macroinvertebrates were sampled at Kangaroo
Lake (136 individuals) and Middle Lake (263 individuals) largely because freshwater
shrimp (Family Atyidae) were less abundant in these systems than in most of the other
lakes.
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Figure 19: The proportion of individuals from each family sampled at the seven
Kerang lakes.

The macroinvertebrate community at Lake Charm differed from the communities at the
other lakes in that it was dominated by non-biting midge larvae (Family Chironomidae)
rather than freshwater shrimp (Family Atyidae) (Figure 19). There was also a higher
proportion of scuds or sideswimmers (Family Paramelitidae) at Lake Charm than at all
other lakes with the exception of Kangaroo Lake (Figure 19).
Both Lake Charm and Kangaroo Lake had relatively higher proportions of non-biting
midge larvae (Family Atyidae) and scuds/sideswimmers (Paramelitidae) than the other
targeted lakes. Interestingly, results from this study have indicated that both Kangaroo
Lake and Lake Charm also had the largest proportion of open water habitats and the
highest total abundances of fish.
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Family

Common
Name

Sensitivity
grades

Kangaroo
Lake

Racecourse

Lake Charm

Little Lake
Charm

Third Lake

Middle Lake

First/Reedy
Lake

Total No.

Table 22: A summary of the relative abundance of macroinvertebrates sampled at
the seven Kerang Lakes.
SIGNAL 2 sensitivity grades are shown. Most grades are low – moderate grades are highlighted
in grey.

Ancylidae

Freshwater Limpet

4

2

0

3

1

2

0

0

8

Atyidae

Freshwater Shrimp

3

58

224

123

551

482

147

343

1928

Baetidae

Mayfly Nymph

5

0

2

1

5

1

22

2

33

Ceratopogonidae

Sand Fly larvae

4

0

0

0

0

2

0

0

2

Chironomidae

True Fly Larvae

3

36

4

354

27

46

18

31

516

Coenagrionidae

Damselfly Nymph

2

0

1

0

0

0

19

1

21

Corixidae

True Water Bug

2

2

3

2

33

19

7

8
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Dytiscidae

Diving Beetle

2

0

0

0

2

0

1

0

3

Ecnomidae

Caddisfly Larvae

4

0

0

1

0

0

0

0

1

Glossiphoniidae

Leech

1

0

0

0

0

0

0

1

1

Hydrophilidae

Water Beetle

2

0

0

0

0

3

1

1

5

Hydroptilidae

Caddisfly Larvae

4

1

0

3

0

4

1

0

9

Leptoceridae

Caddisfly Larvae

6

0

0

1

0

0

0

0

1

Lumbriculidae

Freshwater Worm

3

0

0

0

0

0

0

0

0

Mesoveliidae

Water Treader

2

0

0

0

0

1

2

0

3

Naucoridae

Creeping Water Bug

2

0

0

0

0

0

1

0

1

Notonectidae

Backswimmer

1

0

2

0

7

0

26

2

37

Palaemonidae

Freshwater Prawn

4

7

110

10

62

102

9

95

395

Paramelitidae

Scud/Sideswimmer

4

22

0

130

6

4

0

7

169

Parastacidae

Freshwater Yabby

4

0

1

0

4

1

0

0

6

Physidae

Freshwater Snail

1

4

1

0

0

9

6

0

20

Planorbidae

Freshwater Snail

2

0

0

0

0

2

0

0

2

Pyralidae

Aquatic Caterpillar

3

0

0

0

0

7

2

0

9
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Family

Common
Name

Sensitivity
grades

Kangaroo
Lake

Racecourse

Lake Charm

Little Lake
Charm

Third Lake

Middle Lake

First/Reedy
Lake

Total No.

Sciomyzidae

Marsh Fly Larvae

2

0

0

0

0

1

0

0

1

Sphaeriidae

Freshwater Mussel

5

4

0

6

0

0

0

0

10

Tetragnathidae

Freshwater Spider

6

0

3

2

1

1

1

1

9

Relative
abundance

136

351

636

699

687

263

492

3264

Family richness

9

10

12

11

17

15

11

26

While it was considered most appropriate to discuss the targeted macroinvertebrate
communities at a family level given the use of the SIGNAL 2 score system, a full data-set
featuring, where feasible, identification to genus level appears in Appendix F.
It is anticipated that a more comprehensive and detailed macroinvertebrate data-set for
Kangaroo Lake, Racecourse Lake, Third Lake, Middle Lake and First/Reedy Lake may
become available to managers in the near future. Postgraduate student Luke Shelley
(Deakin University) is currently completing a dissertation examining the
macroinvertebrate communities at the aforementioned lakes.
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Additional fauna
Four water-rats (Hydromys chrysogaster) were incidentally sighted in April 2006. This
distinctive species was easily identified by its characteristic white tipped tail. Animals
were observed in the channel between First Lake and Middle Lake, at the Apex Park Boat
ramp on First Lake, and east of Racecourse Reserve on Racecourse Lake. This mainly
carnivorous species is commonly found in freshwater wetlands and irrigation channels
and is known to thrive in some urban areas (Lee, 1995).
In April 2006, dense patches of zooplankters, likely Daphnia spp., were observed along
the eastern shoreline of Racecourse Lake.
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Water quality
The water quality conditions at the targeted lakes were generally very good. Mean
concentrations of a majority of the assessed parameters fell within expected thresholds
for productive riverine wetlands (MDFRC, 2006; Darrin Baldwin pers. comm. 2006).
Mean electrical conductivity (EC) concentrations generally increased from First/Reedy
Lake (88 µS.cm-1), the initial entry point of inflows diverted from the Murray and
Loddon Rivers, to Kangaroo Lake (229 µS.cm-1), the final wetland in the interconnected
chain of targeted lakes (Table 23). EC levels likely increased along the chain of wetlands
due to a combination of the evapoconcentration of salts and saline groundwater intrusion.
Mean EC levels at Lake Charm (2155 µS.cm-1) were high relative to the other targeted
wetlands since Lake Charm does not receive regular flushing inflows. While EC levels
varied considerably between wetlands, there was little variation within most wetlands
indicating that these systems were well mixed. The notable exception to this was Lake
Charm which, as a terminal system, exhibited an EC gradient. EC increased from the site
closest to the inlet (980 µS.cm-1) to the site furthest from the inlet (2630 µS.cm-1), again
likely due to the evapoconcentration of salts.
The mean EC levels at each of the lakes, including Lake Charm, fell within the trigger
levels described for slightly disturbed lowland rivers in south-east Australia by the
Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC,
2000; Table 5). ANZECC (2000) trigger values represent the concentrations or loads of
physico-chemical parameters beneath which there is a negligible risk of negative impacts
on flora and fauna. Water quality data exceeding these trigger values should prompt
further investigation but should not necessarily be considered indicative of degraded
water quality. The ANZECC (2000) trigger levels and their application are described in
Section 4.2.2 (Fauna and water quality sampling methodology).
While the mean EC concentrations were within the trigger levels for lowland rivers in
south-east Australia, they exceeded the trigger values specified for lakes and reservoirs in
the same region (ANZECC, 2000). It should be noted that while the latter trigger values
provide some insight into the characteristics of the majority of lakes and reservoirs in
south-east Australia, they are generally conservative when applied to productive riverine
wetlands such as those targeted by this study (MDFRC, 2006; Darren Baldwin, pers.
comm. 2006). The trigger values outlined for lowland rivers provide a much more
realistic and appropriate point of comparison for all the targeted parameters discussed
below, with the exception of turbidity.
The mean pH levels at the targeted lakes were within or close to the trigger values for
lowland rivers, as well as freshwater lakes and reservoirs in south-east Australia. There
was less variation in pH within each lake than between the lakes, indicating that each lake
was well mixed (Table 23). The moderately high pH levels at Lake Charm (8.65), Third
Lake (8.12) and Middle Lake (8.10) were likely generated by primary productivity, since
chlorophyll a (Table 24) and dissolved oxygen (DO) levels were also elevated (22.83,
49.85, 34.04 µg.L-1 and 11.2, 11.7, 11.3 mg.L-1 respectively). In addition, pH may also
have varied between lakes due to the carbon dioxide (and subsequent small amounts of
carbonic acid) produced through the decomposition of organic matter.
DO levels (Table 23) were within an expected range and well above the threshold
considered critically limiting for a range of biota (< 2 mg.L-1; Boulton and Brock, 1999).
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Measurements were taken in the late afternoon when the build up of DO accumulated
throughout the day as a result of photosynthetic activity would likely be greatest (Boulton
and Brock, 1999).
Mean water temperatures reflected ambient air temperatures and varied within wetlands
in relation to water depth and the presence of sheltering vegetation or structures.
The mean turbidity levels recorded at Kangaroo Lake (90 NTU), Racecourse Lake (82
NTU), Lake Charm (40 NTU) and Middle Lake (98 NTU) fell within the ANZECC
(2000) trigger levels for lakes and reservoirs in south east Australia (Tables 23).
Although the mean turbidities at Little Lake Charm (103 NTU), Third Lake (111 NTU)
and First/Reedy Lake (111 NTU) marginally exceeded these trigger levels, and levels at
almost all the wetlands surpassed the trigger values for lowland rivers, this should not be
considered an issue for management. It is not unusual for lakes and wetlands to
experience elevated turbidities due to the wind-induced resuspension of sediments.
Turbidity levels likely varied between wetlands in relation to the wave action created
through the interplay of the direction and strength of the wind and the geomorphology of
individual wetlands.
The mean total nitrogen (TN) and total phosphorus (TP) concentrations (Table 24)
exceeded the ANZECC (2000) trigger levels for lowland rivers, as well as lakes and
reservoirs in south-east Australia. This is not a significant management issue as the levels
in question are not uncommon in productive wetland systems, nor are they harmful to a
broad range of biota.
The mean ammonia-nitrogen (NH3) concentrations at Little Lake Charm (61 µgN.L-1),
Third Lake (60 µgN.L-1), Kangaroo Lake (36 µgN.L-1) and Middle Lake (24 µgN.L-1)
(Table 24) exceeded the trigger values for lowland rivers as well as freshwater lakes and
reservoirs in south-east Australia (ANZECC, 2000). These readings are not uncommon in
productive wetland systems and should not be considered a management issue. While two
unusually high maximum readings were recorded at Little Lake Charm (210 µgN.L-1) and
Third Lake (195 µgN.L-1), it is important to note that NH3 is a sensitive variable. Since
these atypical results were isolated (.i.e. the three other replicates in each lakes were
within an expected range), it is likely they may have resulted from burst algal cells or
zooplankton in the samples. Therefore, follow-up sampling is not a high priority for
managers.
The mean oxides of nitrogen (NOx) concentrations at First/Reedy Lake (7 ugN.L-1), Lake
Charm (9 µgN.L-1) and Racecourse Lake (10 µgN.L-1) (Table 24) fell within the
ANZECC trigger values for freshwater lakes and reservoirs while the mean NOx at the
remaining lakes exceeded these trigger values. Only the mean NOx at Kangaroo Lake
(165 µgN.L-1) surpassed the lowland river trigger levels (ANZECC, 2000). Mean NOx
levels were consistent with the thresholds expected in productive wetlands and do not
represent a significant concern for managers.
The mean filterable reactive phosphorus (FRP) levels at all the wetlands with the
exception of Kangaroo Lake (37 µgP.L-1) fell within or close to the trigger values for
both lowland rivers and freshwater lakes and reservoirs in south-east Australia. There was
low variability within the lakes (Table 24).
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The mean NOx (165 µgN.L-1) and FRP (37 µgP.L-1) levels at Kangaroo Lake were
significantly higher than those measured at the other targeted lakes (Table 24). Since the
targeted lakes are interconnected but only Kangaroo Lake has elevated levels of NOx and
FRP, nutrients may be entering this lake from an unknown source, potentially from
fertilizers within irrigation runoff.
All mean dissolved organic carbon (DOC) measurements were within an expected range
(1 – 25 mgC.L-1; Boulton and Brock, 1999). There was moderate variation in DOC
within, as well as between, the lakes (Table 24).
Mean chlorophyll a concentrations were high at Third Lake (49.85 µg.L-1), Middle Lake
(34.04 µg.L-1), Racecourse Lake (34.60 µg.L-1) and Lake Charm (22.83 µg.L-1) (Table
24). This is not cause for concern as chlorophyll a concentrations vary naturally over time
in a variety of systems, meaning a long-term data-set is required in order to characterise
them. Chlorophyll a levels in Dry Lake of the Euston lakes system, for example, ranged
between 16 and 42 µg.L-1 between July 2001 and July 2003 (McCarthy et al., 2004).
Chlorophyll a concentrations varied considerably between sites within lakes likely due to
natural variation in phytoplankton populations, the wind-induced disturbance of epiphytic
and benthic algae, nutrient levels and water depth.
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Table 23: The mean (S.E.), minimum and maximum electrical conductivity (EC), dissolved oxygen (DO), pH, turbidity and
water temperature values measured at the seven Kerang lakes in February and March 2006.
Parameters
EC
µS.cm-1
DO
mg.L-1
pH
Turbidity
NTU
Water
Temperature
°C

Mean
Min.
Max.
Mean
Min.
Max.
Mean
Min.
Max.
Mean
Min.
Max.
Mean
Min.
Max.
n

Kangaroo
Lake
229 ± 0.48
228
230
9.9 ± 0.3
9.2
10.3
7.30 ± 0.03
7.24
7.37
90 ± 3
84
97
24.2 ± 0.6
22.7
25.3
4

Racecourse
Lake
106 ± 1
103
108
9.8 ± 0.6
8.7
11.4
7.05 ± 0.20
6.64
7.40
82 ± 2
76
86
23.6 ± 0.6
22.8
25.2
4

Lake Charm
2155 ± 393
980
2630
11.2 ± 0.4
10.2
12.0
8.65 ± 0.04
8.52
8.70
49 ± 13
30
86
24.9 ± 0.5
23.7
25.9
4

Little Lake
Charm
110 ± 3
104
116
10.1 ± 0.7
8.5
11.1
7.54 ± 0.17
7.24
7.83
103 ± 5
97
117
24.4 ± 0.9
22.3
26.3
4

Third Lake

Middle Lake

98 ± 2
94
101
11.7 ± 0.2
11.4
12.1
8.12 ± 0.07
7.96
8.32
111 ± 6
103
127
24.5 ± 0.3
23.8
24.7
4

92 ± 1
91
93
11.3 ± 0.3
10.6
11.9
8.10 ± 0.09
7.98
8.36
98 ± 7
84
117
24.7 ± 0.6
23.4
26.0
4
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First or
Reedy Lake
88 ± 1
87
89
10.2 ± 0.2
9.7
10.5
7.30 ± 0.13
7.02
7.66
111 ± 10
92
135
24.5 ± 0.4
23.5
25.5
4

Table 24: The mean (S.E.), minimum and maximum concentrations of ammonia-nitrogen (NH3), oxides of nitrogen (NOx),
total nitrogen (TN), filterable reactive phosphorus (FRP), total phosphorus (TP), dissolved organic carbon (DOC) and
chlorophyll a (Chl a) measured at the seven Kerang lakes in February and March 2006.
Parameters
NH3
ugN.L-1
NOx
ugN.L-1
Total N
µgN.L-1
FRP
ugP.L-1
Total P
µgP.L-1
DOC
mgC.L-1
Chl a
µg.L-1

Mean
Min.
Max.
Mean
Min.
Max.
Mean
Min.
Max.
Mean
Min.
Max.
Mean
Min.
Max.
Mean
Min.
Max.
Mean
Min.
Max.
n

Kangaroo
Lake
36 ± 6
22
46
165 ± 15
125
200
733 ± 43
660
840
37 ± 1
34
40
144 ± 6
130
155
13.10 ± 1.69
10.40
18.00
8.75 ± 1.19
6.67
10.81
4

Racecourse
Lake
18 ± 7
6
38
10 ± 4
5
21
818 ± 33
750
905
6±1
3
9
108 ± 8
100
130
12.69 ± 1.31
10.75
16.55
34.60 ± 1.82
30.74
38.72
4

Lake Charm
10 ± 4
4
21
9±2
4
11
808 ± 23
745
845
5±1
4
7
63 ± 11
50
95
10.25 ± 0.21
9.80
10.70
22.83 ± 3.53
14.12
30.92
4

Little Lake
Charm
61 ± 50
4
210
17 ± 7
6
37
794 ± 68
605
905
9±3
5
18
115 ± 7
99
130
11.79 ± 1.36
8.25
14.90
33.51 ± 4.44
23.17
43.17
4

Third Lake

Middle Lake

60 ± 45
2
195
14 ± 4
6
20
1019 ± 65
860
1170
5±1
3
7
134 ± 16
115
180
9.55 ± 0.98
7.40
11.30
49.85 ± 6.41
36.32
66.99
4

24 ± 7
14
44
19 ± 2
13
24
713 ± 17
670
750
8±1
6
12
94 ± 3
85
98
7.61 ± 0.59
6.55
9.25
34.04 ± 3.75
25.87
43.90
4
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First or Reedy
Lake
7±0
7
8
7±0
7
7
640 ± 39
585
755
6±0
5
6
88 ± 6
78
100
8.10 ± 0.82
6.65
9.55
22.64 ± 2.38
18.37
27.32
4

4.3.2 Wetland vegetation
Wetland vegetation maps (Appendix G-Figure iii a-g) were produced for the seven
lakes using the benchmark descriptions of wetland available on the DSE website. The
legend for the vegetation mapping units is provided at the end of Appendix G. The
GIS vegetation layer accompanying this report has been delivered to the NCCMA.
Wetland EVCs
The following seven wetland EVCs were recognised in the targeted Kerang lakes
during mapping and ground-truthing;
292 Red Gum Swamp
537 Brackish Aquatic Herbland
653 Aquatic Herbland
821 Tall Marsh
823 Lignum Swamp Woodland
918 Submerged Aquatic Herbland
949 Dwarf Floating Aquatic Herbland
The rationale for the mapping and issues relating to these EVCs are summarised in
Appendix I.
The bioregional conservation status for five of these wetland EVCs, as given on the
DSE website for the Victorian Riverina (downloaded 25th June 2006), is;
Vulnerable: 537 Brackish Aquatic Herbland)
Endangered: 292 Red Gum Swamp, 821 Tall Marsh, 918 Submerged Aquatic
Herbland Depleted: 823 Lignum Swamp Woodland.
Two of the mapped wetland EVCs are not listed for the Victorian Riverina bio-region,
so are not included in the collation for bioregional conservation. They are: EVC 653
Aquatic Herbland and EVC 949 Dwarf Floating Aquatic Herbland.
These bioregional conservation status assessments should be considered as indicative
rather than definitive. Few wetlands are mapped using EVCs, hence the information
base for this bioregional assessment is likely to be at an early stage of compilation.
Wetland EVCs Richness and Area: The number of EVCs per wetland ranged from
2 to 5 (Table 25) but always included Tall Marsh. Tall Marsh was the most extensive
EVC in six of the seven wetlands, with Lignum Swamp Woodland the most extensive
in Middle Lake. Most of the wetland EVCs covered only a small area and were quite
limited in distribution. For example, Red Gum Swamp occurred at Third Lake only,
and covered 1.8 ha, Brackish Aquatic Herbland (sparse only) was noted only at Lake
Charm and covered only 0.3 ha.
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Table 25: Area of wetland EVCs.
Areas are given in hectares, and are aggregates for all sub-divisions of the EVC.
Lake/EVC

292

537

653

821

823

918

949

Kangaroo Lake

0

0

0.08

33.0

0

0

0.04

Racecourse Lake

0

0

0.89

26.8

0.13

1.45

0

Lake Charm

0

0.3

0

2.8

0

0

0

Little Lake Charm

0

0

0.13

15.9

1.14

0

0

1.8

0

0.69

16.3

0.58

0

0.58

Middle Lake

0

0

5.43

15.5

30.50

0

2.0

First/Reedy Lake

0

0

0

11.9

0.83

0

0

1.8

0.3

7.22

122.2

33.18

1.45

2.62

Third Lake

Total (ha)

In all seven wetlands, the composition of Tall Marsh was quite variable with more
than one emergent macrophyte being dominant. Typically, however, cumbungi Typha
was the most abundant dominant species (Table 26), accounting for at least 22-61%
of Tall Marsh per wetland. This estimate of its importance is conservative as it does
not include the colonising fringe (821-c in Table 26) that every field check showed
was Typha, nor does it include the mix of two species, Phragmites & Typha, and
Schoenoplectus & Typha. The mix of Schoenoplectus & Typha typically comprised
alternating zones, as if there had been cycles of establishment, rather than species
being inter-mixed and was characteristic of Racecourse and Little Lake Charm (Table
26).
Table 26: Wetland variation in composition of Tall Marsh.
Table showing for each wetland what percentage of Tall Marsh was dominated by Giant Rush
Juncus ingens (821-j), Common Reed Phragmites australis (821-p), River Club Rush
Schoenoplectus validus (821-s), Cumbungi mostly Typha domingensis (821-t) or colonising
(821-c) or by a mix of dominants Phragmites australis and Typha sp. (821-pt) and
Schoenoplectus validus and Typha sp (821-st). Table does not show the mapping unit Tall
Marsh mixed with Salicaceae since this only constituted a small area at Kangaroo Lake.
Lake/EVC

821

821-j

821-p

821-s

821-t

821-c

821-pt

821-st

Kangaroo Lake

40.8

2.4

6.1

0

22.7

25.3

0

0.9

Racecourse Lake

9.1

0

3.8

0.6

20.6

23.8

0

42.2

Lake Charm

1.4

4.8

6.9

0

61.1

16.5

9.3

0

Little Lake Charm

0.9

0

0.5

1.3

31.1

23.1

0

43.2

Third Lake

20.3

0

0

15.1

31.5

17.8

0

15.4

Middle Lake

14.8

0

0.8

9.6

51.4

23.4

0

0

First/Reedy Lake

11.7

1.8

9.3

2.5

38.0

16.0

0

20.8
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The other species of emergent macrophytes constituting Tall Marsh were much less
important.
Giant Rush Juncus ingens occurred in patches big enough to map in only three of the
wetlands, Kangaroo, Charm and First, but always only small areas thus its overall
contribution to Tall Marsh was quite small.
Common Reed Phragmites australis was fairly widespread occurring at six of the
wetlands but never abundant, and was consistently less than 10% of Tall Marsh
(Table 26): mono-specific patches of this species were quite distinctive on the aerial
photographs, appearing as a vivid green.
River Club Rush Schoenoplectus validus did not form extensive patches and was a
relatively minor part of Tall Marsh (Table 26), except when co-dominant with Typha.
Areas were not calculated for mapping units in the riparian fringe, as this mapping
was intended to be indicative of the quality and extent of vegetation at the water’s
edge, rather than an assessment of the full riparian zone. That would require some
prior agreement on the definition of ‘wetland’ and on ‘riparian’.
Submerged macrophytes
The targeted search for submerged macrophytes in the littoral zone was done at 5 sites
per wetland (4 at Little Lake Charm) at 1-2 depths per site, resulting in a total of 41
searches. Details of the targeted search in the littoral zone are given in Appendix J.
Submerged macrophytes were noted in only 5 searches (Table 27), of which four
were in areas protected by emergent macrophytes from the main waterbody. Three
searches found charophytes, two found the very small prostrate amphibious or mudmat species, Crassula helmsii and Glossostigma sp, both times under the dense
trailing canopy of Weeping Willow Salix babylonica. Only one search found a
vascular species of submerged macrophyte, Myriophyllum sp. (a robust species such
as M. papillosum), vegetative form. None of these were abundant and the
charophytes, in particular, were present only in trace quantities.
Field notes on the substrate at each search site showed some strong differences around
the lakes. The outer edge (i.e. the lakeside edge) of Tall Marsh was nearly always a
firm sand or firm clay; behind the Tall Marsh and in protected bays, the substrate was
usually a soft, unconsolidated ooze, comprising fine organic material which was
sometimes (as at Racecourse) anoxic. The substrate in areas used as access points for
boats or pumps was typically very soft, and a floc of fine organic material. This
distribution pattern suggests that organic material, although being moved within each
lake by wave action, is accumulating behind Tall Marsh. The environment so
provided will be physically and chemically distinct from the main water body.
Drift material was noted at two search sites. The drift material, or uprooted or broken
wetland plants that are still green and identifiable, comprised Vallisneria sp. and
Myriophyllum caput-medusae at Racecourse Lake [4] and First/Reedy Lake [5], and
Elatine gratiolodes at Middle Lake [1]. Drift is useful as it can indicate the presence
of species not otherwise noted during field inspections.
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Table 27: Targeted search of littoral zone.
Searches exceed number of sites for wetlands where more than one habitat was searched per
site.
Habitat at site
Wetland

Sites (searches)

Exposed shore,
unprotected
beach

Lake-side
of Tall
Marsh

Protected
location

Searches
returning
macrophytes

Kangaroo
Lake

5 sites
(5 searches)

2

1

2

1

Racecourse
Lake

5 sites
(5 searches)

0

2

3

1

Lake Charm

5 sites
(6 searches)

2

2

2

1

Little Lake
Charm

4 sites
(6 searches)

0

3

3

0

Third Lake

5 sites
(6 searches)

0

5

2

0

Middle Lake

5 sites
(7 searches)

0

4

3

0

First / Reedy
Lake

5 sites
(7 searches)

3

4

0

0

Implications
Reliability of vegetation mapping: The areas and distributions for EVC 821 Tall
Marsh and for EVC 823 Lignum Swamp Woodland were mostly field checked and
for the areas that were not field-checked, it was possible to interpret the photography
with a degree of confidence. However, the distribution of the three aquatic herbland
EVCs is less reliable.
Small patches of EVC 653 Aquatic Herbland were noted in Middle Lake and
elsewhere and these guided interpretation of the photography. No beds of EVC 918
Submerged Aquatic Herbland were seen during the field work, but this EVC was
considered to be present based on the following information: Ribbon Weed
Vallisneria americana was noticed in drift; descriptions of extensive beds of an
aquatic plant from a resident at Racecourse lake (Spencer Lovell, pers. comm. April
2006) matched the general appearance of Ribbon Weed; and the low water levels at
the time the photography was taken in November 2004 show extensive areas that are
not Tall Marsh. Hence the presence of EVC 918 Submerged Aquatic Herbland was
inferred from diverse evidence and its distribution based solely on the interpretation
of the orthophotographs.
Condition of vegetation: All wetland plants appeared to be vigorous with little
evidence of poor vigour, other than end of season senescence. The condition of the
wetland EVCs was not formally assessed but is not expected to rate positively against
their respective Benchmarks, except for Lignum Swampy Woodland.
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Characteristic mapping units: The seven wetlands are characterised by just two
wetland EVCs: EVC 821 Tall Marsh (occurring in all seven wetlands) and EVC 823
Lignum Swampy Woodland (confined to the Reedy Lakes and particularly abundant
in Middle Lake), as well as the riparian zone around the wetlands which is
characterised by the presence (in variable amounts) of non-native riparian trees in the
family Salicaceae.
Some considerations of these, from a perspective of values and threats, are given
below. This information forms a basis for developing an ongoing monitoring program
(see Section 5.4 – Recommended sampling methodologies).
EVC 821 Tall Marsh
This EVC is rated as Depleted (relative to pre-1750 vegetation) in the Victorian
Riverina bioregion. The Depleted status does not relate well to its occurrence at these
seven wetlands. It was not mapped there (Appendix A –Figures i and ii) and is
undoubtedly invasive in all seven wetlands, as a direct consequence of shifting the
water regimes from seasonal or intermittent to permanent and relatively stable (.i.e.
with only a small annual amplitude in water level).
EVC 823 Lignum Swampy Woodland
This EVC is rated as Depleted in the bioregion. What is present in the Reedy Lakes
system is a remnant, albeit altered, of its former much more extensive presence in the
Victorian Riverina (Appendix A - Figure i) and the adjacent Murray Fans bioregion.
Maintaining the extent and vigour of these Tangled Lignum clumps, particularly in
Middle Lake, must therefore be a management priority, and not just for reasons of
habitat for waterbirds. Individual clumps of Tangled Lignum are tall and flowering,
so are vigorous, but the situation is risky as the likely response of Tangled Lignum to
environmental changes, and especially to change in water regime, is unknown. Earlier
studies (e.g. O’Donnell et al. 1990; SKM, 2001) persistently comment on the
anomalous ecological situation of this wetland shrub growing vigorously in a
permanently-wet situation: this is certainly contrary to experiences elsewhere
(Roberts and Marston, 2000). The fact that Tangled Lignum has persisted as well as it
has at Middle Lake suggests some site-specific factors are at play which it would be
well to understand.
Isolated clumps & patches of Tangled Lignum
The isolated islands and patches within and around all the wetlands are also remnants
of EVC 823 Lignum Swampy Woodland.
These patches are individually small, and in aggregate are not extensive; and they do
not all occur within the wetland. Despite this, they add to the overall wetland
vegetation diversity and provide a different structure for birds, so add to overall
habitat diversity. These isolated fragments need safe-guarding partly for their intrinsic
value as remnants and partly because they could provide a useful source of plant
material for propagation, should the need ever arise in the future. They are useful also
as a point of ecological reference that contrasts with Tangled Lignum in Middle Lake.
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Ecological Change: There is evidence that the character and possibly the extent of
Tall Marsh is changing. The evidence is based on Cumbungi, charophytes and other
submerged macrophytes, drawing on field observations of April 2006 and relative
abundances noted by O’Donnell et al. (1990), as follows:
Cumbungi
Of the four tall emergent macrophytes occurring in EVC 821 Tall Marsh, it is the
dominant one: this is consistent with O’Donnell (1990). Cumbungi Typha spp. is
recognised as an invasive species, and in wetlands with permanent or even summer
water regime and adequate sediment nutrients it can out-compete and then displace
other wetland plants. This appears to be occurring in the Kerang wetlands. Within the
vegetation mapping units, it features on its own as well as being a co-occurring
species in nearly all the sub-divisions of Tall Marsh where structural dominants could
be mapped; and it was the only one of the four tall emergent macrophytes that was
actively colonising.
Tangled Lignum
Already quite reduced by 1988, this vegetation type appears to have been further
reduced since then. In 1988, Tangled Lignum had a ‘significant presence’ at Lake
Charm and Little Lake Charm, as well as at Middle Lake (Appendix A: Table i); it is
now virtually absent from Lake Charm.
Charophytes
Three species of charophytes (Appendix B) were identified from specimens collected
in Lake Charm and Reedy (or First) Lake. In April 2006, charophytes when found
were seen only in trace amounts yet in September-December 1988, O’Donnell et al.
(1990) recorded charophytes as being “Common” (meaning present in 5 to 50% of
quadrats) at Middle Lake and Little Lake Charm, and “Present” at Lake Charm. The
targeted searches in April 2006 were largely unsuccessful in locating charophytes.
Submerged and floating-leafed macrophytes
Submerged macrophytes were rarely seen in April 2006 and were not located by
targeted searching of the littoral zone, though they were evidently present, as shown
by drift material.
As noted above, this is common for inland wetlands that have been experienced
substantial environmental changes (i.e. carp, siltation, turbidity). However, it is in
marked contrast to 1988, when a significant presence of the Aquatic Plants vegetation
type was noted at Lake Charm and Middle Lake (Appendix A - Table i) and as
described by Tom Lowe (pers. comm. April 2006) for Lake Charm.
Specifically O’Donnell et al. (1990) noted considerable abundance and some diversity
in the submerged and floating-leafed macrophytes at Middle Lake. Focusing only on
records within the transects, their records were: Vallisneria spiralis1 was Occasional2,
Potamogeton crispus was Abundant, and of the two milfoils (which are partly
1

Ribbon Weed: Most records of Vallisneria spiralis are now considered to be Vallisneria americana.
The taxonomy of Ribbon Weed, a species with world-wide distribution, has been difficult.

2
Abundance categories used by O’Donnell et al. (1990) were based on species occurrence in their
quadrats. Thus Abundant = present in >50% of quadrats; Common = present in 5-50% of quadrats;
Occasional = present in <5% of quadrats; and Present meant recorded for that wetland but did not
occur in the transect.
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submerged) Myriophyllum salsugineum was Common, and Myriophyllum papillosum
was Abundant; Elatine gratioloides was Common, and Ludwigia peploides was
Abundant. The other wetlands were nowhere near as rich as Middle Lake: Triglochin
procera and Crassula helmsii were Common at Little Lake Charm and Potamogeton
pectinatus was Common at Lake Charm. The most abundant and widespread were
Myriophyllum papillosum (Common at Third, Little Lake Charm and Kangaroo
Lakes, and Occasional at Reedy Lake) and Ludwigia peploides (Common at Third
Lake). Few of these species were noted or present in substantial amounts in April
2006, other than Myriophyllum papillosum and Ludwigia peploides which were both
quite robust and fairly widespread.
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4.3.3 Dead Wood
The abundance and distribution of dead wood, meaning standing dead trees, fallen
dead trees and in situ stumps, varies greatly between the seven wetlands (Table 28).
Maps of the dead wood at each lake appear in Appendix H – Figure iv a-g.
Abundance: The quantity of dead timber detected ranged from 15 to 1554 per
wetland (i.e. ranged over two orders of magnitude) and was highest in Lake Charm,
Middle Lake and Third Lake. Even when abundance is standardised by area and
expressed as average density, Middle and Third Lakes still have highest quantities of
dead trees with an average of 3.1 and 6.9 per hectare (Table 28). These estimates for
Middle Lake are probably conservative, as field notes indicated some potential for
over-estimating and some for under-estimation. None of the other five wetlands had
an average density greater than 1, and average density was particularly sparse at
Kangaroo Lake with only 0.05 dead trees per hectare of lake surface.
Table 28: Abundance and density of dead wood.
For this analysis, wetland area was re-estimated from the 2004 digital imagery as follows:
Kangaroo Lake = 973.5 ha, Racecourse Lake = 222.4 h, Lake Charm = 519.3 ha, Little Lake
Charm = 77.2 ha, Third Lake = 224.9 ha, Middle Lake = 184.7 ha and First (or Reedy) Lake
= 197.2 ha.
Wetland

Abundance

Average Density
(dead wood ha-1)

Kangaroo Lake

53

0.05

Racecourse Lake

44

0.20

Lake Charm

374

0.72

Little Lake Charm

15

0.19

Third Lake

1554

6.91

Middle Lake

570

3.09

First/Reedy Lake

82

0.42

Distribution: Average density is useful for showing the range of abundance across
the seven targeted wetlands, but does little to convey the variable way that the dead
wood is distributed within each wetland, or its variable forms. The distribution of
dead wood follows three broad patterns: across the entire wetland, as at Third Lake
(Appendix H – Figure iv-e), suggesting an extensive woodland has been present in the
past; across much of the wetland, as at Middle Lake (Appendix H – Figure iv-f),
indicating a restricted woodland (or else extensive timber harvesting); and largely
restricted to the littoral zone, as in the other five lakes, notably Lake Charm and First
Lakes (Appendix H – Figure iv-c and g).
Sizes and Types: Most of the standing dead trees are River Red Gum in origin, and
quite variable in size and form. Standing dead River Red Gums ranged in form from
young re-growth to large tall mature trees, notably around Lake Charm. Many of
these have only a few, if any, major branches, possibly because they have been dead
for so long or because that was their form at the time of death. None of the dead trees
sighted in the wetlands had fine twigs, and only a few had small branches. Only a few
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standing dead trees were Black Box, notably at Racecourse Lake. These had a less
erect form and smaller diameter bole, but relatively few branches.
Historical Patterns: The mapped distribution of dead wood is a record of at least
some earlier vegetation patterns. Clearing, utilisation and removal, for example as
part of works done when setting up the irrigation storages, notably at Racecourse
Lake, have undoubtedly reduced the number of dead trees (and hence the abundance
of dead wood), and strong wave action has probably resulted in some re-distribution
of fallen dead. For these reasons, care is needed if inferring precise earlier vegetation
patterns from either the abundance or distribution of dead wood.
Despite this, the distribution pattern evident at most wetlands is consistent with what
is known of the extent and distribution of woody vegetation that existed there prior to
its incorporation into an irrigation storage system. Historical distributions are not well
represented in the pre-1750 EVC mapping (Appendix A – Figures i and ii) but can be
derived or inferred from wetland sub-categories in the Wetlands_1994 layer, available
on DSE website as a theme in Interactive Mapping (not shown here). Historical
distribution accounts for some within-wetland patterns such as lines of similar-sized
River Red Gums indicating the former location of the shoreline, as in the north-east of
Middle Lake (Appendix H - Figure iv-f) and around parts of Lake Charm (Appendix
H - Figure iv-c).
The low abundances along the western shores of Kangaroo Lake and Lake Charm
(refer figures) is assumed to be partly due to removal of dead wood from recreational
areas for safety reasons; also low numbers at Racecourse may be the result of clearing
and dredging that was done to set up these irrigation storages, and the cluster around
the island at Racecourse (Appendix H - Figure iv-b) may simply be some that were
left behind.
The distribution and abundance and other characteristics of dead wood are
summarised in Table 29.
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Table 29: Summary of dead wood characteristics.
Wetland
Kangaroo
Lake

Abundance & Distribution
Abundance and Density very low.
Restricted to littoral zone in south-east.
Assumption; that standing dead trees, fallen trees and stumps
have been cleared from recreational areas on west side for safety
reasons.

Racecourse
Lake

Lake
Charm

Forms
Only standing dead Black Box
noted. Fallen trees few. No stumps
recorded.

Abundance and Density low.

Black Box.

Scattered, in amongst tall emergent macrophytes (EVC 821 Tall
Marsh). A cluster associated with island in north west.

Standing dead low in height, simple
in form, often only one branch.

Assumption: that abundance and density have been considerably
reduced by dredging works and construction activities when
setting up the irrigation storage scheme.

Too small for hollows.

Abundance high relative to other wetlands but density less than 1
per hectare.

River Red Gums.

Assumption; that dead trees, fallen trees and stumps have been
cleared from recreational areas on west side for safety reasons.

Fallen trees, if present, would be
hidden by dense fringe of Tall
Marsh.

Standing dead are typically single
lines of tall large trees, some with
considerable branching and some
with little remaining. Found in
north-west, eastern shores.
Fallen are also large tall River Red
gum, presumably undercut by wave
action. A feature of the eastern
shore.

Little Lake
Charm

Third Lake

Abundance very low and density low, less than 1 per hectare.
Scattered amongst tall emergent macrophytes fringing the
wetland, very few in open water. No clusters detected.

Abundance and density very high; the number being a feature of
this wetland.
Occur across the wetland, in open water, in littoral zones,
amongst emergent macrophytes.
Density is particularly high in littoral zones, particularly of northeast and south-west, where several lines are evident.

Only standing dead Black box
noted.
Fallen trees and stumps, if present,
would be obscured by tall emergent
macrophytes (Tall Marsh).
River Red Gums.
Diverse forms present: tall erect
simply-branched, tall multiple
branches; stumps; fallen trees
present but not a feature as are
standing dead and stumps.

Stumps suggest some clearing or felling activities in the past.
Middle
Lake

First/Reedy
Lake

Abundance and density high. Density notably lower amongst
current lignum patches, probably under-estimated.

River Red Gums.

Occur mainly in northern and western parts of wetland, and in
littoral zone throughout. Very sparse in open water areas in
central-eastern parts of wetland.

Tall erect and young mature in
form, and these are characteristic.
Fallen trees occur, less common.
Stumps not noted in limited search.

Abundance and density currently low.

River Red Gums.

Restricted to narrow littoral zone, particularly along eastern
shore.
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Implications: Dead Wood is a conspicuous feature of the targeted lakes, adding
structural diversity to the wetlands, and therefore likely to be important for fauna.
Dead Wood is present in three forms of very different shape and size. These each
represent quite different types of structural diversity and are likely to be of variable
quality depending on whether they are stumps, fallen wood or standing dead trees.
Thus the wetlands differ in abundance and density of dead wood, and also in the type
of dead wood. A better understanding of how fauna utilise the different types of dead
wood would be useful.
Mapping the types of dead wood was not done during the field work as the time
required to census each piece of dead wood would have precluded all other field
work. However, as the nature and position of dead wood is unlikely to change rapidly
(unless fired, for example), this information could be added to the database in the near
future.

Figure 20: Large Dead Wood on eastern shore of Lake Charm.
Two forms of dead wood are evident: standing dead trees, which are tall and branched, and
fallen dead trees, evidently sourced from the standing dead trees. The windy conditions and
very evident wave activity suggest that this line of trees may have a role in dissipating wave
energy.
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a

b

c

Figure 21 a-c: Distributions and types of dead wood.
a) A cluster of dead wood near an island in north-west of Racecourse Lake, accounting for a
large part of all dead wood in this wetland. b) A line of standing dead River Red Gums in the
north-west corner of Lake Charm, indicating a former shoreline. c) Dead wood at Third Lake
is all River Red Gum but occurs in all forms: as standing dead, without much branching; as
stumps, appearing just above the water level; and as fallen trees.
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4.3.4 Synthesis of ecological values
Diverse and relatively abundant fish, turtle, frog, bird and macroinvertebrate
communities, as well as good water quality conditions, were measured at the seven
Kerang lakes.
The fish communities in the targeted lakes were relatively diverse compared to those
of similar lowland wetlands in Victoria and South Australia (Ellis and Meredith,
2005; Ho et al., 2004; SARDI Aquatic Sciences, 2006). This is likely due to the
ongoing stocking programs operating in the region. Fisheries Victoria annually stocks
thousands of Murray Cod and Golden Perch fingerlings directly into the lakes, as well
as in the nearby Loddon River, largely to promote recreational fishing in the region.
The structure of these fish communities may be undergoing a period of adjustment
due to the changes to stocking and fishing practices which have occurred within the
last five years; direct stocking is now conducted annually and the lakes are no longer
considered Schedule 4 waters, meaning they are no longer open to netting by amateur
and professional fishermen (DPI, 2006).
Eight native species and five exotic species were recorded across the surveyed lakes
however proportionately more native fish (1811 individuals) were sampled than
exotic (314 individuals). Three of the native species sampled during the survey are
considered threatened at a state level (i.e. Murray Cod, Murray or Crimson-Spotted
Rainbowfish and Fly-Specked Hardyhead). The Murray Cod is also considered
vulnerable at a national level, under the EPBC Act.
While Australian Smelt were the most relatively abundant fish in nearly all the lakes,
Bony Bream were dominant only in Kangaroo Lake and Lake Charm, the lakes with
the largest relative proportions of open water habitat. This pattern is common in
wetlands throughout south-east Australia (SARDI Aquatic Sciences, 2006; Ho et al.,
2004). Flathead Gudgeon were dominant in the most northern lakes (.i.e. Kangaroo
Lake, Racecourse Lake and Lake Charm) while Carp Gudgeon and Gambusia were
most abundant in the four most southern lakes (i.e. Little Lake Charm, Third Lake,
Middle Lake and First/Reedy Lake). Fly-Specked Hardyhead were in low to moderate
relative abundance at most lakes. Murray Rainbowfish were sampled only at
First/Reedy Lake.
Two native turtle species were identified at the seven lakes. The Murray Turtle was
the more widespread and abundant species with 66 individuals sampled across all the
targeted lakes. Although the Eastern Long-Necked Turtle is extremely widespread
and common throughout south-eastern Australia, only 12 individuals were sampled
across five of the lakes. Overall, fewer turtles were sampled at Kangaroo Lake than at
the other lakes and this may potentially be linked to the scarcity of large woody debris
and wetland vegetation per hectare in this lake. No Broad-Shelled Turtles were
captured during the survey.
The male advertisement calls of seven frog species known to be common and
widespread in Victoria were recorded during the survey. The Spotted Grass Frog was
more widespread and abundant than the other species sampled. During sampling in
summer and early autumn, the Spotted Grass Frog was heard calling at 80% of sites
where frogs were sampled. In spring however, Peron’s Tree Frog was dominant as it
was recorded at 62% of the sites where frogs were vocalising. Surveys indicated that
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the channel systems surrounding the lakes may provide important habitat for many
species.
Almost twenty-two thousand birds representative of thirty-five species were observed
at the seven lakes. Seven of these species are considered vulnerable, near threatened
or endangered at the state level. Species richness likely varied between lakes in
relation to the quality and availability of habitat and food resources.
Birds from fish and crustacean feeding guilds dominated the communities at most
lakes. Usage of the lakes by birds from some other feeding guilds may be limited by
the scarcity of shallow wading habitats and submerged macrophytes in these deep
permanent systems.
The Kerang Lakes provide important habitat for a range of bird species at a regional,
state and international scale and the rookery on Middle Lake in particular is
recognised for its conservation significance in providing crucial breeding grounds for
Straw-necked Ibis, Australian White Ibis and Royal Spoonbills. Approximately 90%
of all the birds surveyd in this study were breeding Ibis and Spoonbills located at the
Middle Lake rookery.
A total of 3264 macroinvertebrates from 26 different families were sampled at the
targeted lakes. Four families considered to be common and widespread in Victoria
dominated the total macroinvertebrate assemblage collectively representing 92% of
the total catch. The macroinvertebrate communities at each lake were dominated by
freshwater shrimp, except at Lake Charm where non-biting midge larvae were
relatively high in abundance. Scuds or sideswimmers made up a greater proportion of
the total catch at Lake Charm and Kangaroo Lake than at the other lakes, possibly due
to the higher relative area of open water habitat in these lakes.
The SIGNAL 2 rapid-assessment system indicated that all seven lakes were affected
by anthropogenic influences such as river regulation, and that macroinvertebrate
communities were dominated by species tolerant to a broad range of physicochemical stressors.
Six wetland Ecological Vegetation Classes (EVCs) were identified in the littoral
zones of the targeted lakes. All of the wetlands, with the exception of Middle Lake,
were dominated by extensive tracts of Tall Marsh (EVC 821), in which Typha
domingensis was commonly occurring, and often colonising. Lignum Swamp
Woodland (EVC 823) was the most extensive wetland EVC identified at Middle
Lake. Exotic species, such as Weeping Willow, represented a large proportion of the
the riparian fringe at most wetlands.
Few submerged macrophytes were located in the littoral zone, although some drift
material, comprising Vallisneria and Myriophyllum, was identified. It is unknown
whether factors such as turbidity, water regime, siltation or the feeding habits of
Common Carp may have degraded the exentsive submerged macrophyte beds that
many local residents have reported were present at the lakes decades ago (Spencer
Lovell, pers comm. April 2006; Tom Lowe, pers comm. April 2006).
Dead wood, remnant of historical vegetation patterns and largely constituting Black
Box and River Red Gum, provides crucial habitat for a broad range of biota, such as
turtles and birds, particularly in the Reedy Lakes System and in Lake Charm.
100

The water quality conditions at the targeted lakes were generally good as
concentrations of most parameters fell within or close to an expected range. While EC
levels were much higher at Lake Charm than at the other lakes, this did not appear to
limit the diversity or abundance of faunal communities. Turbidity levels were
moderately high due to the wind-induced resuspension of sediments and
bioturbidation caused by Common Carp, however they were not at levels that would
negatively impact most biota.
Overall, at Third Lake the relative abundance of turtles, the abundance of nonbreeding birds, and the taxa richness of macroinvertebrates and birds was higher than
or equal to the survey results from the other lakes (Table 30). The relative abundance
and species richness of fish, the species richness of frogs, and the relative abundance
of macroinvertebrates were also relatively high at Third Lake. These communities
may confer some advantage from the high density of dead wood (6.91 pieces of
timber ha-1) and comparatively large areas of riparian and littoral vegetation at Third
Lake.

Kangaroo Lake

Racecourse Lake

Lake Charm

Little Lake Charm

Third lake

Middle Lake

First/Reedy Lake

Table 30: Ecological variables ranked by lake.
Taxa richness and relative abundance are ranked from highest to lowest. Rankings are shared
where values are equal.

Fish- relative abundance

1

6

2

5

3

4

7

Fish- species richness

2

3

5

2

2

4

1

Turtles-relative
abundance

7

4

6

5

1

3

2

Frogs-species richness

5

4

5

2

3

1

3

Macroinvertebratesrelative abundance

7

5

3

1

2

6

4

Macroinvertebratesfamily richness

6

5

3

4

1

2

4

Birds-species richness

1

2

1

2

1

1

3

Non-breeding birdsrelative abundance

3

6

4

5

1

2

7

Dead wood-average
density ha-1

7

5

3

6

1

2

4
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5

Ongoing monitoring methodologies

5.1 Purpose and scope
The baseline ecological data-set generated in the previous section of this report
represents a ‘snap-shot’, stand alone measure of the condition of the key ecological
indicators identified in Section 4.1. While having value on its own, the real worth of
this baseline data-set lies in its future comparison with an ongoing ecological data-set
such that changes in the condition of these indicators can be assessed over time, and
in response to targeted management actions and other catchment scale changes
affecting the Kerang Lakes system.
With this in mind, the key aims of this section of the report are to:
1. Recommend and describe a set of standardised monitoring and mapping
protocols that will, when collected routinely and compared to the baseline
data-set, facilitate measurement of temporal changes in key ecological
indicators.
2. Critically assess the strengths and weaknesses of these protocols such that
data collectors are aware a priori of the type and quality of data that will
be generated.
The recommendations for ongoing monitoring and mapping are based on expert
experience and information gleaned during the ecological monitoring and mapping
carried out as part of this study. These recommendations do not include information
on how to carry out sampling or interpret ongoing monitoring data-sets as it is
assumed that expert assistance will be sought for these purposes.

5.2 Monitoring and mapping ecological change
While the sampling techniques used in collecting the ‘snap-shot’ baseline ecological
data-set were robust, longer-term monitoring and mapping is still necessary for the
characterisation of the targeted ecological communities. Future monitoring and
mapping needs to occur over a range of conditions, including periods of drought and
flooding, in order that the natural variability in ecological responses can be fully
understood.
The following recommendations for the ongoing monitoring and mapping of the
targeted lakes are based on a surveillance monitoring program, whereby the
objectives of the program are broadly;
3. To build ecological data-sets for a range of key indicators, and
4. To identify changes in the targeted ecological values over time.
It is important to note that surveillance monitoring allows only for the detection of
change in an ecological indicator, and does not rigorously establish a cause-and-effect
relationship (although these may be inferred) between, for example, a management
action and an ecological response.
Monitoring to rigorously determine ecological cause-and-effect commonly involves
the location and monitoring/mapping of a ‘control’ or ‘reference’ site both before and
after any action (or ‘impact’) is undertaken (cf. Before-After-Control-Impact, or
BACI design). Such monitoring designs, though ideal in both an adaptive
management and a scientific sense, are not often possible due to logistical (i.e. no
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suitable control/reference lake/system can be found) or resource (i.e. financial and
time) constraints. The program for future monitoring/mapping outlined here is
therefore limited in its approach in light of an expected need to be reasonably
parsimonious. Should, however, sufficient resourcing become available to rigidly
establish cause-and-effect (and not just inference) between targeted stressors or
management actions and key ecological indicators, such monitoring programs can be
designed at a later date, and most likely using many of the techniques outlined below.

5.3 Key ecological indicators
Key ecological indicators have been targeted in the ongoing monitoring program
based on their ecological significance within the sampled lakes, public interest, and
the ease, cost and invasiveness of sampling (Table 31). The monitoring of these key
indicators, namely fish, turtles, frogs, birds, macroinvertebrates, wetland vegetation
and water quality, will facilitate assessments of overall wetland health and assist in
the detection of ecological change. The reasons for the selection of these indicators
and the issues that may be associated with their monitoring are outlined in Table 31.
Table 31: Reasons for sampling key indicators and the issues associated with
sampling and data interpretation.
The table draws on Recommended methods for monitoring floodplains and wetlands (Baldwin
et al., 2005).

Key
indicator

Reason for sampling

Issues

Fish

- Linked to surface water quality and resident
invertebrate communities.

- Due to their mobility, it is
difficult to link presence/absence
data to habitat values. Relative
abundance data is more useful
for this purpose.

- Broad trophic range.
- Major predator in lakes.
- Species richness and relative abundance data can be
used to infer changes to the structure of the fish
community.

- Seasonal variation in activity
levels and therefore catch rates.
- No national or international
standard sampling protocols.

- Can be sampled across a broad spatial scale.
- High public interest value.

Turtles

- Low to moderate sampling costs, dependent on
methods.
- Linked to resident invertebrate communities, as well
as macrophytes and algae.

- Limited species diversity (.i.e.
only three possible species).

- Simple and inexpensive to survey as part of a fish
sampling program which utilises large fyke nets.

- Seasonal variation in activity
levels and therefore catch rates.
- No national or international
standard sampling protocols.
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Key
indicator

Reason for sampling

Issues

Frogs

- Important indicators of habitat condition.

- All techniques require multiple
sampling trips.

- Respond to ecological change in relation to water
quality, habitat fragmentation and water regime.
- Sampling of male advertisement calls is non-invasive,
inexpensive and simple to perform.
- Distinctive con-specific male advertisement calls are
well documented and easy to distinguish.

- Data is qualitative.
- When con-specific
advertisement methods are used,
only calling males are sampled.
- Given that handling can
facilitate the spread of the
chytrid fungus, non-invasive
sampling is preferable.
- Visual/spot-light data difficult
to standardise if multiple
surveyors (and levels of
expertise) are involved.

Birds

- Lake recognised under the Ramsar convention, as well
as JAMBA and CAMBA.
- Middle and Third Reedy lakes provide important
breeding grounds (i.e. rookeries) for a few species.
- Data can be used to identify long term trends in
habitat condition.
- Linked to resident macroinvertebrate and small-fish
communities, as well as littoral vegetation and dead
wood.
- The outcomes of breeding events/season can be
identified on a small scale (i.e. a rookery).
- High public interest value.

- No national or international
standard sampling protocols.
- Due to their mobility, it is
difficult to link presence/absence
data to habitat values. Changes
in abundance may be related to
a wide variety of cues outside the
wetland (i.e. drought).
- Data difficult to standardise if
multiple surveyors (and levels of
expertise) are involved.
- Wetlands need to be visited
regularly each year and in
response to water level
fluctuations.
- No national or international
standard sampling protocols.

- Ground surveys are simple and inexpensive.
Macroinvertebrates

- Sampling is non-invasive and non-destructive.
- Constitute a major component of wetland food chains.
- Respond to physico-chemical stressors.
- Common and widely distributed organisms.
- Sweep net sampling is simple to conduct.

- The high variability between
sites makes it difficult to identify
community change over time.
- Samples usually must be sent
to a laboratory for expert
identification to species or genus
level.

- Sweep net data is semi-quantitative.
- Low to moderate costs for sampling and laboratory
processing
- National sampling standards.
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Key
indicator

Reason for sampling

Issues

Wetland
vegetation

- Major wetland feature.

- Difficult to determine
presence/absence of submerged
species.

- Important role in food web and for nutrient and water
cycling.
- Good indicator of disturbance.
- Responds to changed water regimes.

- There may be an extensive time
lag between management
intervention/stress and
ecological response in some
species.

- Simple and rapid assessments are possible.
- A range of long and short-lived species can be targeted
depending on the monitoring objectives.
- Mapping can accurately discern vegetation patterns
and reduce the frequency of field surveys.
Water
quality

- Low to moderate costs for sampling and mapping.
- Impacts most flora and fauna.
- Often a major determinant of habitat values.
- Responds to seasonal variation and hydrological
change.
- Long-term data can be used to identify long term
change and the effects of management actions.

- Most variables are not
uniformly distributed within
wetlands (between sites and
throughout the water column)
- Regular routine sampling in
conjunction with sampling
during periods of fast change
(.e.g. flooding, changed water
regime etc.) is required.

- National sampling standards.
- Low to moderate costs for sampling and laboratory
analyses.

- Need to ensure that methods
are standardised and rigorous so
as to ensure that data quality is
not compromised.
- A variety of unnecessary
variables can potentially be
monitored, so it is extremely
important to implant a welldesigned monitoring program.
- Water samples must be sent to
a laboratory for standard
nutrient analysis.

Although groundwater depth and salinity are of central importance to the ecological
values in the targeted lakes, they were not targeted in the ongoing monitoring
recommendations since a preliminary assessment of the existing data indicated the
existence of a sufficient data-set and sampling program. It was similarly unnecessary
to make recommendations for the ongoing measurement of important hydrological
variables like the volume of inflows from the Murray and Loddon Rivers, the
variations in seasonal irrigation extraction rates, and the fluctuations in water levels.
While variables relating to groundwater and surface hydrology are of chief
importance to the ecology of the seven lakes, these parameters are currently measured
and assessed by G-MW and other local government departments for management
purposes (see Section 5.4 – Additional monitoring recommendations).
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5.4 Recommended sampling methodologies
To ensure standardisation and rigour, the recommended sampling methodologies
below are designed for implementation by ecological experts in each of the specified
fields (.e.g. expert staff from government departments, private consultants or
scientific researchers), meaning there is an inferred degree of expertise necessary to
conduct the sampling and evaluate the resultant data.
Further information regarding sampling techniques for each of the targeted indicators
can be found under Section 4 – Baseline ecological monitoring and mapping and in
Your Wetland: Monitoring Manual (Tucker, 2003) and Recommended Methods for
Monitoring Floodplains and Wetlands (Baldwin et al., 2005) which the following
program draws strongly upon.
5.4.1 Fish (and Turtles)
Table 32: Summary of recommended option for monitoring fish (and turtles).
Option

Frequency and Variables

Comments

Annually
repeated
netting and
electrofishing
sampling

Frequency: Annual.

Limitations: All sampling techniques
are biased towards certain species or size
ranges of fish. In order to combat this, a
variety of passive and active netting
techniques, as well as boat-mounted
electrofishing, have been recommended
for ongoing monitoring.

Timing: Summer. Fish are most active
and easiest to capture.
Sites: Four widely spatially distributed
sites representing major habitat types such
as large woody debris, emergent
macrophyte beds and open water.
Technique (Netting): Two large fyke nets
and two larval fyke nets set at each site
overnight. One supplementary seine trawl
per site for the identification of additional
species. All fish or, where numbers
prohibit it, a sub-sample of at least 30
individuals should be measured (SL, TL)
and weighed.
Turtles can be captured in the large fyke
nets deployed for fish providing the cod
ends are floated or tied out of the water so
that turtles can access air. The carapace
length and weights of individuals should
be measured.
Data generated: Species richness, relative
abundance, population size class structure,
evidence of recent breeding or stocking
events.

Supplementary sampling: In order to
assess the impacts of management
actions, additional sampling, to be
determined by management, should be
conducted before and after significant
management interventions or in relation
to particular threats and issues.
By uniquely identifying individuals,
using either tagging or shell marking
techniques, catch-and-release data could
be accumulated as part of the netting and
electrofishing program.
Additional comments: Data from the
stocking program currently operating in
the targeted lakes, and in the nearby
Loddon River, should be obtained from
Fisheries Victoria and examined over
time alongside monitoring data.

Variables (Electrofishing – fish only):
Two three minute shots at each site. To be
conducted in line with SRA protocols.
Data generated: Species richness, relative
abundance, life history data for larger
individuals.
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5.4.2 Frogs
Table 33: Summary of recommended option for monitoring frogs.
Option

Frequency and Variables

Comments

The
identification of
con-specific
male
advertisement
calls

Frequency: At least six times per year.

Limitations: It is difficult to provide
quantative data using this method since
only a subset of the population (.i.e.
calling males) can be identified and
counted. While data is qualitative rather
than quantative, it may still be utilised to
assess habitat condition.

Timing: Ideally three times in spring,
twice in summer and once at the end of
August.
Sites: At least six widely spatially
distributed sites representing major
habitat types. Ideally, the number of sites
should vary based on the size of each
lake. The same sites should be visited
during each sampling trip.
Technique (Con-specific male
advertisement calls): Digital or cassette
audio recordings should be made at each
site for a minimum of fifteen minutes at
night (defined here as at least twenty
minutes after sunset and prior to sunrise).
If necessary, digital recordings can be
easily sent away for expert identification
however it is still recommended that in
situ identifications and estimations of
abundance are made.
Where possible, voucher calls should be
carried in the field to facilitate in situ
identifications.
Furthermore, the calls of certain rare
species should be played back (for a
minimum of one minute) in order to
stimulate the calling of resident
individuals. These calls should be
analysed as above.
Data generated: Species richness,
estimates of abundance, clues to breeding
events.

Supplementary monitoring:
Additional survey work, to be defined
by management, should be conducted
prior to major management interventions
or in relation to threats or issues.
Depending on the availability of
resources, advertisement call surveys
can be supplemented with active spotlight searches whereby frogs are
physically located and counted and
measured (see Ward, 1992).
Spot-light searches should be carried out
each month from September to
February. Searches should be conducted
at night for fifteen minutes at a
minimum of six sites per wetland.
This additional technique may increase
the likelihood of identifying all resident
species.
Additional comments: The baseline
monitoring conducted as part of this
study indicated that many of the TIS
channels around the lakes provide
important habitat for a variety of frog
species. Therefore, consideration should
be given to sampling a selection of these
habitats.

Technique (Incidental sampling): Due
to the positioning of the target system, the
aforementioned survey may require
surveyors to travel around the full extent
of each lake.
It is therefore recommended that
surveyors travel slowly with an aim to
pick up any incidental calls. Calls should
be recorded for five minutes and where
possible, in situ identifications and
estimates of abundances should be made.
Data generated: Species richness.
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5.4.3 Birds
Table 34: Summary of recommended option for monitoring birds.
Option

Frequency and Variables

Comments

Ground
surveys from
fixed vantage
points and

Frequency: At least three times per year.

Limitations: Birds inhabiting thick
littoral vegetation, such as emergent
macrophytes, may be difficult to see.
Therefore, where it is deemed necessary,
surveyors may choose to physically
disturb these habitats (.e.g. rustling reeds
by hand) with an aim to identifying the
full suite of resident species at each lake.

Timing: Ideally twice in spring and once
during summer.
Sites: Whole lake.
Technique (Ground surveys from fixed
vantage points): Birds should be observed
using binoculars and spotting scopes from
numerous fixed vantage points which allow
view of the full extent of each lake. The
species, numbers and behaviours of
individuals should be recorded. Lakes
should be assessed from the same vantage
points, and during the same time of day,
during each sampling trip.
Data generated: Species richness, relative
abundance, clues to breeding events and
habitat usage.

Since the targeted lakes are large, it is
expected that cryptic species like Rails
and Bitterns would be difficult to count.
Supplementary monitoring: Additional
survey work, to be defined by
management, should be conducted in
response to water level changes, major
interventions and threats.
Depending on the availability of
resources, a range of transects covering
the extent of each lake could be walked.
The species, numbers and behaviours of
the individuals observed from these
transects would be recorded. Transects
should be walked at a similar time of day
during each trip. Data relating to species
richness, estimate of abudnace, clues to
breeding events and habitat usage could
be generated.
Since the target wetlands are open, it is
simple and easy to conduct surveys from
fixed vantage points. Therefore, the
benefits associated with conducting
transect surveys may be limited.
Incidental observations should be
recorded using the methods described for
the ground surveys.
Certain species, such as diving ducks and
filter feeders, could potentially be targeted
to indicate increased habitat diversity and
food resources in relation to an altered
water regime (e.g. increased exposed
mudflat due to enhanced wetting and
drying).
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5.4.4 Macroinvertebrates
Table 35: Summary of recommended option for monitoring
macroinvertebrates.
Option

Frequency and Variables

Comments

Sweepnetting

Frequency: Annually or ideally, four times
a year.

Limitations: There is high spatial
variability in the macroinvertebrate
assemblage within wetlands, therefore
short term or minor changes to community
structure may not be identified.

Timing: Spring or ideally, seasonally.
Sites: Four to six sites per wetland
representing dominant littoral zone habitat
types. Ideally the number of sites sampled
per lake should reflect the size of the
waterbody.
Technique (Sweep-netting): The sweepnet should be moved along a ten metre
transect using short digging motions
intended to dislodge and collect the
macroinvertebrates clinging to
macrophytes, dead wood and substrate.
Each ten meter transect should be
proportionately representative of the
dominant habitat types at each site.
The contents of each sweep net should be
placed in a labelled jar and preserved in
90% ethanol.
Identifications should be made to a
minimum of family level and, where
possible, genera or species level.

Supplementary monitoring: Additional
survey work, to be defined by
management, should be conducted in
response to water level changes, major
interventions and threats.
Additional comments: It is
recommended that managers utilise
publications arising from Luke Shelley’s
(Deakin University) post-graduate studies
of the macroinvertebrates of Kangaroo
Lake, Racecourse Lake, Third Lake,
Middle Lake and First/Reedy Lake. This
data may potentially influence
supplementary monitoring by providing
information about the affects of seasonal
water level fluctuation on
macroinvertebrate communities and also
the variability in the macroinvertebrate
assemblage within lakes.

Data generated: Species richness, relative
abundance, clues to patchiness and habitat
usage.
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5.4.5 Wetland vegetation
As a baseline, the 2004-2006 map of wetland vegetation offers the following options
(explored below and summarised in Table 36) for monitoring wetland vegetation;
• EVCs: long-term or event-driven evaluation of EVCs - number, area and
boundaries per wetland (Repeat Mapping)
• Characterisation by species: depth-structured frequency counts along fixed
transects at regular depth intervals (Depth-Stratified Counts).
Table 36: Recommended options for monitoring wetland vegetation.
Option

Frequency and Variables

Comments

1.
Re-mapping
only

Frequency: Once every 5 to 7 (10) years.
Technique/Variable (EVC): What types of
EVC; EVC area, location, boundaries; subdivision of EVCs.
Data generated: Fragmentation, expansion
and contraction rates.
Technique/Variable (Dead wood):
Number and density.
Data generated: Attrition rates

Threats: Possible to take a threat-analysis
approach by focusing on sub-divisions of
EVC 821 that do not have Typha, such as
Phragmites patches.
Supplementary benchmarking exercise:
Value of repeat mapping would be greatly
enhanced by first completing a
supplementary benchmarking exercise to
record EVC vigour (height, cover,
density) at pre-selected points, and to
record type of Dead Wood in a number of
pre-determined areas, whether quadrats or
transects.

2.
Re-mapping
combined
with
Depthstratified
Counts

For Re-mapping:
Frequency: Once every 15-25 years.
Technique: as above

For Re-mapping, the same comments
apply as above.

For Depth-stratified Counts:
Frequency: Annual, at similar time.
Technique (wetland plant species):
Relative importance of species per wetland;
relationship of species to depth and/or
substrate and other environmental variables.
Data generated: Shifts in species
dominance.

For Depth-stratified counts: Early
warning of shifts in species dominance;
opportunity to see changes at individual
wetland level, and whether also a regional
trend.

Option 1: Repeat Mapping
Value: Re-mapping the wetland vegetation for each of the seven wetlands will give
an updated estimate of the number and type of EVCs, their location, and area, and the
density and distribution of dead wood.
Temporal changes within a wetland can be described in terms of specific EVCs, or in
terms of particular species, or particular locations within a wetland. It will be possible
to evaluate large-scale changes using GIS overlays, assuming suitable environmental
layers are available; likely layers are changes in water regime (bathymetry layer and
hydrology records), exposure or fetch, substrate and adjacent land uses.

110

Added Value: The value of re-mapping would be greatly enhanced if resources could
be allocated to record a stratified sample of at least some of the following;
•

vegetation structure such as heights and/or cover for parts of Tall Marsh, for vigour;

•

tree heights, form (pole, mature, senescing etc.) and canopy condition for River Red
Gums in the riparian fringe, for condition;

•

type of dead wood (stump, erect, fallen; species) for habitat value.

Frequency: If no other vegetation monitoring is being undertaken, then repeat
mapping should be carried out once every 5 to 7 years. This may appear to be
relatively high frequency but can be justified for two related reasons. One is the risk
of not having an annual monitoring program, and the other is the fact that wetland
vegetation can lose vigour and change in a very short space of time; and conversely,
that an invasive can arrive and solidly establish in a few years. Alternatively, if an
annual monitoring program is in place, then repeat mapping need be done much less
frequently, possibly once every 15 to 25 years.
Option 2: Depth-Stratified Counts
Value: Monitoring temporal changes in species composition using quadrats can be
quite demanding of time. By contrast, doing species counts within a wetland along a
depth-stratified transect is easy to implement and is comparatively rapid; in Barmah
Forest, it was possible to completely sample two wetlands a day (Michael Reid, pers.
comm., 2006).
The core of this approach is to set up a number of randomly-located but permanent
transects, each at right angles to the shoreline and pointing inwards, variable in length
between wetlands but consistent in length within a wetland, and sample at fixed
intervals along this. In the Barmah Forest, Reid and Quinn (2004) used six transects,
60-100 m long, with a hundred points along each transect, giving 600 counts per
wetland. This was adequate to describe the general abundance (as frequency) patterns
of the most important species, and to detect (using multivariate analyses) changes
through time. In the Barmah project, sampling was done seasonally (spring, autumn)
in order to track inundation phases.
Added value: Environmental variables such as water depth, nature of substrate can be
recorded along each transect, if needed.
Frequency: The Kerang Lakes are a different environment to the small openings in
Barmah Forest, which were mostly 4-7 ha; they have a comparatively narrow
vegetated fringe; and a relatively stable water regime. Sampling effort could therefore
be organised somewhat differently: for example using more but shorter transects,
retaining at least the same number of data points (600 as a minimum) per wetland,
allowing more time to move around the wetland between transects, and sampling once
per year.
Building on 2004-2006 Benchmark
The wetland EVCS presented in the vegetation benchmark were not quantitatively
described which means that the 2004-2006 mapping cannot be used to determine
changes in species composition or vigour, except quite coarsely (for example, from
111

one mapping unit of Tall Marsh to another). However, it can be used to design a
structured sampling routine (not a census) that can in turn be used to determine
condition, nativeness, and structural changes such as height, density or cover for
particular EVCs or target areas within EVCs.
Similarly, the distribution of dead wood presented in the benchmark did not
distinguish between types of dead wood, which means the 2004-2006 mapping cannot
be used to track changes in habitat quality as different types of dead wood degrade.
However, the current mapping can be used to design a sampling routine that can then
record the type of dead wood and so track its fate, pending the repeat mapping.
Future Work
Ideas for future work arising out of this mapping project includes gaps, improving the
knowledge base, and addressing threats.
Mapping (Improving reliability): Verification or revisions of low reliability
mapping units such as the aquatics Brackish Aquatic Herbland, Aquatic Herbland and
Submerged Aquatic Herbland, and the sparse forms of Lignum Swamp Woodland.
Establishing the structure and dominant species for Tall Marsh in Third and Middle
Lakes; verifying that the sparse form of Lignum Swamp Woodland mapped in Middle
Lake was there.
Riparian Fringe (Likely range of EVCs): Establishing the likely identity and range
of EVC in the riparian zone of each wetland, as flagged above is a necessary step
prior to undertaking a condition assessment. This could be done as a mapping
exercise, to supplement this project, or it could be done by stratified sampling,
depending on resources and skills available.
Condition Assessment (Wetland and Wetland Vegetation): Use the IWC, Index of
Wetland Condition, the state-wide standard for assessing wetlands, to assess the
condition of the wetlands and to assess the condition of the wetland vegetation.
Wetland vegetation can be assessed against Benchmarks using the sub-index Biota.
As much of the vegetation at the Kerang Lakes is so fragmented and quite variable in
condition, it would be wise to develop a sampling program that would address
condition variability.
Dead Wood Types & Significance: Sub-sample wetlands systematically to
determine the distribution of different types of Dead Wood; set up an investigation to
determine usage patterns and hence ecological significance, covering all seasons and
all wetlands, not just those important for fauna; develop a long-term management
goal.
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5.4.6 Water quality
Water quality is probably the most commonly measured component of wetland
monitoring programs yet it is often the case that data are compromised by poor
monitoring design or quality control. It is therefore important that the ongoing
monitoring program is based on a carefully developed design embedded within a
quality assurance system (see Recommended methods for monitoring floodplains and
wetlands: Baldwin et al., 2005).
Table 37: Summary of recommended option for monitoring water quality.
Option

Frequency and Variables

Comments

Standard
physicochemical
parameters

Frequency: Four or ideally twelve times
per year for EC, DO, pH, turbidity and
water temperature.

Limitations: There is high spatial
variability within wetlands, therefore
small changes in values may not be easily
identified.

Annually to biannually for standard
nutrients (.i.e. TN/TP, NOx, NH3, FRP and
DOC)
Timing: Seasonally or ideally, monthly for
EC, DO, pH, turbidity and water
temperature.

Supplementary monitoring: Additional
survey work, to be defined by
management, should be conducted in
response to water level changes, major
interventions and threats.

Spring or spring and autumn for standard
nutrients (.i.e. TN/TP, NOx, NH3, FRP and
DOC)
Sites: A minimum of six widely spatially
distributed sites per wetland inclusive of
inlets, outlets and terminal regions. Ideally
the number of sites sampled per lake should
reflect the size of the waterbody. The same
sites should be revisited during each
sampling trip.
Technique (Standard physico-chemical
parameters): EC, DO, pH, turbidity and
water temperature should be measured in
the littoral zone of each site (or in open
water if boats are available) using an
appropriately calibrated multi-probe water
quality instrument (such as a Horiba or
Quanta) placed approximately ten
centimetres under the water surface.
Measurements should be taken at a similar
time of day during each trip.
TN/TP, NOx, NH3, FRP and DOC samples
should be appropriately collected and
filtered, frozen for storage and analysed at a
NATA accredited chemistry laboratory.
Data generated: Changes to values over
time, identification of normal variability.
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5.5 Additional monitoring recommendations
It is advised that the information generated from the implementation of the
recommended monitoring methodologies for all indicators is assessed in conjunction
with comprehensive hydrological information. While the baseline data gleaned from
monitoring/mapping will impart significant information about the current and future
ecological status of the seven Kerang lakes, it is of central importance that
consideration is given to how the volume and quality of inflows, the number and
volume of extractions, as well as groundwater and catchment functioning contribute
to that status.
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Appendices
Appendix A: Previous studies of wetland vegetation
The previous studies and mapping conducted at the targeted lakes have been
summarised below in order to draw out certain themes, and provide important background information to the baseline and ongoing wetland vegetation mapping
methodologies. Existing reports and mapping have been already assessed for their
usefulness for inclusion in a baseline data-set/benchmark (Section 3 – Existing
ecological data).
EVC Mapping
Pre-1750: The pre-1750 terrestrial and riparian vegetation has been modelled for all
Victoria (available on DSE Website, Interactive Mapping). This mapping includes the
seven wetlands in this project which is unusual, as wetland vegetation is rarely
included in pre-1750 EVC modelling.
Modelling was done at a broad rather than fine-scale. Due to the lack of a surrogate
layer for inundation, wetland and flood dependent vegetation could not be effectively
modelled (White et al. 2003, p133) and instead were “modelled freehand”. The scale
was too coarse to show variations within individual wetlands and, as a result, each
wetland is shown as a single EVC or EVC aggregate. Thus, according to this,
Kangaroo Lake, Racecourse and Lake Charm were dominated by EVC 718
Freshwater Lake mosaic (or aggregate); Little Lake Charm by EVC 104 Lignum
Wetland (or Lignum Swamp); and Third, Middle and First Lake by EVC 823 Lignum
Swampy Woodland (Figures i and ii).
Current: The contemporary vegetation has also been mapped for Victoria and the
region, and provides a useful comparison with the pre-1750 vegetation, pointing to
gross changes in extent and type of vegetation (available on DSE Website, Interactive
mapping). According to this, Kangaroo Lake and Racecourse Lake are dominated by
EVC 96 Exotic non-native vegetation; no EVCs are indicated for Lake Charm and
Little Lake Charm, suggesting no substantial wetland vegetation there; and the
southern lakes, Third, Middle and First, are shown as being still dominated by EVC
823 Lignum Swampy Woodland (Figures i and ii) although the surrounding
vegetation has been substantially reduced.
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Figure i: Past and present EVCs for the four northern lakes.
EVCs estimated for pre-1750 (left) and for present (right) for Kangaroo Lake, Racecourse,
Lake Charm and Little Lake Charm. Downloaded from DSE website on 12th February 2006.
Key: Pre-1750: mottled pink for Kangaroo, Racecourse and Lake Charm is EVC 718
Freshwater Lake mosaic (or aggregate); magenta for Little Lake Charm is EVC 104 Lignum
Wetland (or Lignum Swamp). Present: wine-colour for Kangaroo and Racecourse is EVC 969
Exotic non-native vegetation. Downloaded 28 March 2006.

Figure ii: Past and present EVCs for the three southern lakes (Reedy Lakes).
EVCs estimated for pre-1750 (left) and for present (right) for Third, Middle and First (or
Reedy) Lake. Downloaded from DSE website on 12th February 2006. Key: Past and Present:
checked green for Third, Middle and First Lakes is EVC 823 Lignum Swampy Woodland.
Downloaded 28 March 2006.
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Field Surveys
Late 1980s: The wetland plant communities of each wetland and plant species
occurring in transects were surveyed in September to December 1988 (O’Donnell,
1990) as part of a study of wetland vegetation at 53 lakes in the Kerang area. Seven
vegetation types were recognised, as follows (taken from Section 5.1.1 in O’Donnell,
1990):
•

Red Gum community: woodland to open woodland characterised by River Red Gum
Eucalyptus camaldulensis associated with fresh conditions and regularly flooded sites.

•

Black Box community: woodland to open woodland characterised by Black Box
Eucalyptus largiflorens tolerant of much drier conditions than River Red Gum and also
tolerant of saline conditions.

•

Tangled Lignum Shrubland: a tall shrubland dominated by Tangled Lignum
Muehlenbeckia florulenta, typically occurring on periodically flooded heavy grey clays
but tolerant of long dry periods.

•

Reed beds: closed grasslands usually dominated by cumbungi Typha spp., and to a lesser
extent Common Reed Phragmites australis, River Club-rush Schoenoplectus validus,
Giant Rush Juncus ingens and Spiny Rush (introduced) Juncus acutus. Typically these
border wetlands and lakes.

•

Chenopod shrubland: includes closed heaths, open heaths and low shrublands, and is the
characteristic vegetation type under brackish and saline conditions. Characteristic species
vary according to extent of water-logging and salinity but are species in family
Chenopodiaceae.

•

Grassland community: wet grasslands of graminoids and herbs occur on alluvial flats in
frequently-flooded sites.

•

Aquatic plant community: aquatic plants growing in shallow and deep waters, so includes
amphibious as well as submerged and floating-leafed and free-floating aquatic plants.

An additional category used by O’Donnell et al. (1990) and recorded as a landform
category rather than a vegetation community due to its lack of living vegetation, was
Open Water / Dead Timber.
The significant presence of these wetland communities was noted across all wetlands
(O’Donnell et al., 1990). Significant presence across the seven study wetlands (Table
i) shows there is a marked difference between northern and southern wetlands in
terms of their vegetation. Thus the four northern lakes have significant presence of
either Black Box or Tangled Lignum whereas the three southern lakes have a
significant presence of River Red Gum. Reed beds, which were typically dominated
by Cumbungi Typha spp. and included the introduced tussocky Spiny Rush, Juncus
acutus, occur throughout. Note that none of the seven study wetlands was considered
important for dead trees / dead wood when considered at a regional scale (Table i).
The 1980s interpretation of broad-scale vegetation differences is consistent with the
DSE mapping and modelling in showing that the wetlands fall into two broad groups,
but separates them on slightly different criteria, the significant presence of River Red
Gum (Figures i and ii) which does not feature in the contemporary DSE mapping.
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Table i: Significant presence of vegetation types.

Yes

Racecourse

Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Lake Charm

Yes

Yes

Little Lake
Charm

Yes

Yes

Yes

Third Lake

Yes

Middle Lake

Yes

Yes
Yes

Open Water
Dead timber

Grassland

Yes

Aquatic Plants

Chenopod
shrubland

Yes

Tangled
Lignum

Yes

Black box

Kangaroo Lake

Red Gum

Reed beds

Table showing whether a wetland has a significant presence of various vegetation types at the
seven study wetlands, based on field survey and transect in September-December 1988
(O’Donnell, 1990). The study did not specify whether significant presence for Grassland was
for wet or dry grassland.

Yes

Yes

First (Reedy)
Lake
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Appendix B: Wetland vegetation species list
The species identified at the Kerang lakes during ground-truthing in April 2006 are
listed below. (*) indicates that the species is introduced.
Specimens identified by Isobel Crawford, Australian Botanical Surveys & National
Herbarium, Canberra were: Carex fascicularis, Eleocharis plana, Juncus amabilis,
Juncus articulatus, Juncus flavidus, Juncus usitatus, Amphibromus nervosus,
Eragrostis infecunda, Sarcocornia quinqueflora ssp. quinqueflora, Thinopyrum
elongatum.
Characeae were identified by Dr Michelle Casanova, National Herbarium of Victoria.
ASTERACEAE
(*) Aster subulatus
AZOLLACEAE
Azolla filiculoides
Azolla pinnata
CAMPANULACEAE
Pratia concolor
CHARACEAE
Lamprohtamnium succinctum
Nitella lhotzkyi
Nitella sp. aff. sonderi
CRASSULACEAE
Crassula helmsii
CHENOPODIACEAE
Atriplex nummularia
Chenopodium nitrariaceum
Maireana brevifolia
Rhagodia spinescens
Sarcocornia quinqueflora ssp.
quinqueflora
CYPERACEAE

HALORAGACEAE
Myriophyllum caput-medusae
Myriophyllum papillosum
HYDROCHARITACEAE
Vallisneria americana
JUNCACEAE
Juncus acutus
Juncus amabilis
Juncus articulatus
Juncus flavidus
Juncus ingens
Juncus usitatus
LEMNACEAE
Lemna sp.
MARSILACEAE
Marsilea sp.
Marsilea drummondi
MYOPORACEAE
Eremophila divaricate ssp. divaricata
MYRTACEAE
Eucalyptus camaldulensis

Carex fascicularis

Eucalyptus largiflorens

Carex tereticaulis

Melaleuca lanceolata

(*) Cyperus eragrostis
Cyperus exaltatus
Cyperus gymnocauos
Eleocharis plana

ONAGRACEAE
Ludwigia peploides
POACEAE

Eleocharis pusilla

Amphibromus nervosus

Schoenoplectus validus

Eragrostis infecunda)

ELATINACEAE
Elatine gratioloides

(*) Paspalum dilatatum
(*) Paspalum distichum
(*) Pennisetum clandestinum
Phragmites australis
(*) Polypogon monspeliensis
Thinopyrum elongatum
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POLYGONACEAE
Muehlenbeckia florulenta
Muehlenbeckia horrida
Persicaria decipiens
Persicaria hydropiper
(*) Polygonum arenastrum
POTAMOGETONACEAE
Potamogeton pectinatus
ROSACEAE
(*) Rosa rubiginosa
SALICACEAE
(*) Populus alba
(*) Populus nigra
(*) Salix babylonica
(*) Salix X rubens
(*) Salix matsudana
SCROPHULARIACEAE
Glossostigma (probably) elatinoides
(*) Lycium ferocissimum
TYPHACEAE
Typha domingensis
Typha orientalis
VERBENACEAE
(*) Phyla canescens
ZYGOPHYLLACEAE
Nitraria billardieri

125

Appendix C: Existing records of the presence/absence of fish species
A summary of the fish species previously recorded at the seven Kerang wetlands under the
Victorian Wildlife Atlas (DSE, 2006a).
Lake
Kangaroo Lake
Kangaroo Lake
Kangaroo Lake
Kangaroo Lake
Kangaroo Lake
Kangaroo Lake
Kangaroo Lake
Kangaroo Lake
Kangaroo Lake
Kangaroo Lake
Kangaroo Lake
Kangaroo Lake
Kangaroo Lake
Lake Charm
Lake Charm
Lake Charm
Lake Charm
Lake Charm
Lake Charm
Racecourse Lake
Racecourse Lake
Racecourse Lake
Racecourse Lake
Racecourse Lake
Racecourse Lake
Racecourse Lake
Racecourse Lake
Racecourse Lake
Racecourse Lake
Racecourse Lake
Racecourse Lake
Third Lake
Third Lake
Third Lake
Third Lake
Third Lake
Third Lake
Third Lake
Third Lake
Third Lake
Third Lake

Common name
Bony Bream
Bony Bream
Australian Smelt
Australian Smelt
Goldfish
Carp
Tench
Murray Cod
Golden Perch
Golden Perch
Silver Perch
Redfin
Fathead Gudgeon
Bony Bream
Australian Smelt
Goldfish
Carp
Redfin
Redfin
Bony Bream
Australian Smelt
Australian Smelt
Goldfish
Carp
Carp
Tench
Murray Cod
Golden Perch
Silver Perch
Redfin
Western Carp Gudgeon
Bony Bream
Flat-headed Galaxias
Goldfish
Carp
Tench
Freshwater Catfish
Murray Cod
Golden Perch
Silver Perch
Redfin

Scientific name
Nematalosa erebi
Nematalosa erebi
Retropinna semoni
Retropinna semoni
Carassius auratus
Cyprinus carpio
Tinca tinca
Maccullochella peelii peelii
Macquaria ambigua
Macquaria ambigua
Bidyanus bidyanus
Perca fluviatilis
Philypnodon grandiceps
Nematalosa erebi
Retropinna semoni
Carassius auratus
Cyprinus carpio
Perca fluviatilis
Perca fluviatilis
Nematalosa erebi
Retropinna semoni
Retropinna semoni
Carassius auratus
Cyprinus carpio
Cyprinus carpio
Tinca tinca
Maccullochella peelii peelii
Macquaria ambigua
Bidyanus bidyanus
Perca fluviatilis
Hypseleotris klunzingeri
Nematalosa erebi
Galaxias rostratus
Carassius auratus
Cyprinus carpio
Tinca tinca
Tandanus tandanus
Maccullochella peelii peelii
Macquaria ambigua
Bidyanus bidyanus
Perca fluviatilis

Date
1-Jan-57
8-Mar-89
17-Jan-89
27-Sep-82
1-Jan-79
1-Jan-49
1-Jan-49
1-Jan-70
1-Jan-57
1-Jan-98
1-Jan-57
1-Jan-49
27-Sep-82
17-Nov-99
17-Nov-99
17-Nov-99
17-Nov-99
17-Nov-99
17-Nov-99
1-Jan-79
29-Sep-82
6-Aug-89
1-Jan-79
1-Jan-57
6-Aug-89
1-Jan-57
1-Jan-57
1-Jan-57
1-Jan-81
1-Jan-57
6-Aug-89
1-Jan-57
18-Jun-63
1-Jan-63
1-Jan-57
1-Jan-57
1-Jan-81
1-Jan-57
1-Jan-57
1-Jan-57
1-Jan-57

Count*

12500

3
5
1
30
2
1

* Where available.
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Appendix D: Fish stockings 2003-2006
A summary of the Murray Cod and Golden Perch stocked in the seven Kerang lakes, as well
as Kow Swamp and Lake Boga, by Fisheries Victoria 2003-2006 (DPI, 2006).
Lake

Month/Year

Species:

Age/Weight:

No Stocked.

Marked:

First/Reedy Lake
Lake Charm
Kangaroo Lake
Kow Swamp
First/Reedy Lake
Lake Charm
Kangaroo Lake

January 2003
January 2003
January 2003
March 2003
March 2003
March 2003
March 2003

MC
MC
MC
GP
GP
GP
GP

1 YO/ 200gs
1 YO/200gs
1 YO/200gs
fingerlings/1g
fingerlings/1g
fingerlings/1g
fingerlings/1g

500
500
1,000
15,000
5,000
5,000
10,000

Dart Tag - lime green
Dart Tag - lime green
Dart Tag - lime green
Chem Alarzarin
Chem Alarzarin
Chem Alarzarin
Chem Alarzarin

Lake Charm
Kangaroo Lake
First/Reedy Lake
Lake Boga
Kow Swamp
First/Reedy Lake
Lake Charm
Kangaroo Lake
Lake Boga

January 2004
January 2004
March 2004
March 2004
April 2004
April 2004
April 2004
April 2004
April 2004

MC
MC
MC
MC
GP
GP
GP
GP
GP

1 YO/372gs
1 YO/372gs
1 YO/372gs
1 YO/372gs
fingerlings/ 1.1gs
fingerlings/ 1.1gs
fingerlings/ 1.1gs
fingerlings/ 1.1gs
fingerlings/ 1.1gs

500
1,000
412
317
9,140
5,540
5,540
9,280
5,540

Dart Tag - pale blue
Dart Tag - pale blue
Dart Tag - pale blue
Dart Tag - pale blue
Chem Alarzarin
Chem Alarzarin
Chem Alarzarin
Chem Alarzarin
Chem Alarzarin

First/Reedy Lake
Lake Charm
Kangaroo Lake
Lake Boga
Kow Swamp
First/Reedy Lake
Lake Charm
Kangaroo Lake
Lake Boga

February 2005
February 2005
February 2005
February 2005
April 2005
April 2005
April 2005
April 2005
April 2005

MC
MC
MC
MC
GP
GP
GP
GP
GP

1 YO/200gs
1 YO/200gs
1 YO/200gs
1 YO/200gs
fingerlings/1g
fingerlings/1g
fingerlings/1g
fingerlings/1g
fingerlings/1g

500
500
1,000
1,000
15,000
5,000
5,000
10,000
5,000

Dart Tag - white
Dart Tag - white
Dart Tag - white
Dart Tag - white
Chem Alarzarin
Chem Alarzarin
Chem Alarzarin
Chem Alarzarin
Chem Alarzarin

First/Reedy Lake
Lake Charm
Kangaroo Lake
Lake Boga
Kow Swamp
First/Reedy Lake
Lake Charm
Kangaroo Lake
Lake Boga
First/Reedy Lake
Kangaroo Lake

February 2006
February 2006
February 2006
February 2006
March 2006
March 2006
March 2006
March 2006
March 2006
April 2006
April 2006

MC
MC
MC
MC
GP
GP
GP
GP
GP
GP
GP

1 YO/203gs
1 YO/203gs
1 YO/203gs
1 YO/203gs
fingerlings/1.1gs
fingerlings/1.1gs
fingerlings/1.1gs
fingerlings/1.1gs
fingerlings/1.1gs
fingerlings/1.8gs
fingerlings/1.8gs

300
500
800
1,000
15,000
5,000
5,000
10,000
5,000
2,000
2,000

Dart Tag -yellow
Dart Tag - pink
Dart Tag - yellow
Dart Tag - blue
Chem Alarzarin
Chem Alarzarin
Chem Alarzarin
Chem Alarzarin
Chem Alarzarin
Chem Alarzarin
Chem Alarzarin
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Appendix E: Bird survey data

Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Racecourse

18/11/05
18/11/05
18/11/05

Australian
Pelican
Pied
Cormorant

18/11/05

Darter
Pacific Black
Duck
Great
Cormorant
Australian
Pelican
Australian
Pelican

18/11/05

Darter

18/11/05

Grey Teal
Masked
Lapwing
Great Crested
Grebe
Black-winged
Stilt

18/11/05
18/11/05
18/11/05

18/11/05
18/11/05
18/11/05
18/11/05
18/11/05
17/11/05

Silver Gull
Swamp
Harrier
Australian

Pelecanus
conspicillatus
Phalacrocorax
varius
Anhinga
melanogaster

FS

19

Littoral

D

11

Open Water

Water
Perched on
vegetation

D

1

Open Water

Water

Anas superciliosa
Phalacrocorax
carbo
Pelecanus
conspicillatus
Pelecanus
conspicillatus
Anhinga
melanogaster

Dab

4

Littoral

D

6

Open Water

Water
Perched on
vegetation

FS

5

Littoral

FS

8

Littoral

D

3

Anas gracilis

Dab

Vanellus miles
Podiceps cristatus
Himantopus
himantopus
Larus
novaehollandiae
Circus
approximans
Pelecanus

Loafing
Loafing
Swimming/
Diving
Loafing
Loafing
Swimming/
Probing
Loafing

Littoral

Water
Perched on
vegetation
Perched on
vegetation

3

Open Water

Water

Loafing

OG

2

Riparian

Ground

D

1

Open Water

Water

Pecking
Swimming/
Diving

DOW

1

Riparian

Ground

Pecking

TFW

5

Open Water

Air

V
FS

2
11

Littoral
Littoral
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Air
Water

Additional
observations

Foraging

Loafing

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Scientific
name

Common
name

Date

Lake

A summary of the birds observed during surveys of the seven Kerang lakes in November 2005, January 2006 and February 2006. The numbers, species, feeding
guilds, positions on wetland (including substrate type) and behaviours of the birds observed are summarised below.

Loafing

Flying over
Flying/
Hunting
Swimming/

17/11/05

Middle Lake

18/11/05

Middle Lake

18/11/05

Middle Lake

18/11/05

Middle Lake

18/11/05

Middle Lake

18/11/05

Middle Lake

18/11/05

Middle Lake

18/11/05

Middle Lake
Middle Lake

18/11/05
18/11/05

17/11/05
17/11/05
17/11/05
17/11/05
17/11/05
17/11/05

Pelican
Australian
Pelican
Pied
Cormorant
Little Pied
Cormorant
Darter
Australian
Pelican
Pied
Cormorant
Purple
Swamphen
Australian
White Ibis
Straw-necked
Ibis
Royal
Spoonbill
Australian
Pelican
Little Black
Cormorant
Great
Cormorant
Australian
Shelduck
Black-tailed
Native-hen
Australian

conspicillatus
Pelecanus
conspicillatus
Phalacrocorax
varius
Phalacrocorax
melanoleucos
Anhinga
melanogaster
Pelecanus
conspicillatus
Phalacrocorax
varius
Porphyrio porphyrio
Threskiornis
molucca
Threskiornis
spinicollis
Platalea regia
Pelecanus
conspicillatus
Phalacrocorax
sulcirostris
Phalacrocorax
carbo
Tadorna
tadornoides
Gallinula ventralis
Tadorna

Additional
observations

Foraging

Loafing

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Scientific
name

Common
name

Date

Lake
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake

Probing
FS

19

Littoral

D

1

Littoral

D

7

Riparian

D

8

Littoral

FS

10

Littoral

D

9

Riparian

G

4

Riparian

Perched on
vegetation
Water
Perched on
vegetation
Perched on
vegetation
Water
Perched on
Vegetation

Loafing
Swimming/
Diving
Loafing
Loafing
Loafing
Loafing

LWB

400

Open Water

LWB

8000

Open Water

LWB

205

Open Water

FS

39

Littoral

D

2

Littoral

D

1

Littoral

Ground
Perched on
vegetation
Perched on
vegetation
Perched on
vegetation
Perched on
vegetation
Perched on
vegetation
Perched on
vegetation

G

49

Open Water

Water

Loafing

DV
G

1
47

Riparian
Littoral

Ground
Perched on

Loafing
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Pecking
Breeding
Breeding
Breeding
Loafing
Loafing
Loafing
Breeding (10
young)
Pecking

18/11/05
18/11/05

Middle Lake
Middle Lake

18/11/05
18/11/05

Middle Lake

18/11/05

Middle Lake

18/11/05

Middle Lake

18/11/05

Third Lake
Third Lake

17/11/08
17/11/08

Third Lake

17/11/08

Third Lake

17/11/08

Third Lake

17/11/08

Third Lake

17/11/08

Third Lake

17/11/08

Third Lake
Lake Charm

17/11/08
18/11/05

Lake Charm

18/11/05

Darter
White-faced
Heron
Australian
Shelduck
Black-tailed
Native-hen
Pacific Black
Duck
Black Swan
Pacific Black
Duck

tadornoides
Tadorna
tadornoides
Cygnus atratus

vegetation
G
G

13
2

Littoral
Littoral

Water
Water
Perched on
vegetation
Water

Dab
G

2
1

Loafing
Loafing

Porphyrio porphyrio

G

2

Littoral

Water

Loafing

Porphyrio porphyrio
Circus
approximans
Pelecanus
conspicillatus
Anas gracilis

G

3

Dry Land

Ground

Pecking

V

2

Littoral

Flying/Hunting

FS
Dab

17
7

Littoral
Littoral

Air
Perched on
vegetation
Water

Dab

12

Littoral

D

5

Littoral

LWB

4

G

Gallinula ventralis

Anas superciliosa
Cygnus atratus

Littoral
Open Water

Up-ending
Up-ending

Loafing
Loafing
Loafing

Littoral

Water
Perched on
vegetation
Perched on
vegetation

52

Littoral

Water

Loafing

DV

1

Littoral

Anas superciliosa
Cygnus atratus

Dab
G

2
1

Littoral
Open Water

Ground
Perched on
vegetation
Water

Loafing
Loafing

Anas superciliosa

Dab

3

Littoral

Water

Loafing

Anas superciliosa
Anhinga
melanogaster
Egretta
novaehollandiae
Tadorna
tadornoides
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Loafing
Loafing

Pecking

Additional
observations

Foraging

Loafing

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Scientific
name

Common
name

Date

Lake
Middle Lake
Middle Lake

Shelduck
Australian
Shelduck
Black Swan
Pacific Black
Duck
Black Swan
Purple
Swamphen
Purple
Swamphen
Swamp
Harrier
Australian
Pelican
Grey Teal
Pacific Black
Duck

Lake Charm

18/11/05

Lake Charm
Lake Charm

18/11/05
18/11/05

Lake Charm

18/11/05

Lake Charm

18/11/05

Lake Charm

18/11/05

Lake Charm

18/11/05

Silver Gull
Sharp-tailed
Sandpiper

Lake Charm

18/11/05

Darter

Lake Charm

18/11/05

Lake Charm

18/11/05

Lake Charm

18/11/05

Lake Charm

18/11/05

Lake Charm

18/11/05

Lake Charm
Little Lake
Charm
Little Lake

18/11/05

Darter
Little Black
Cormorant
Little Pied
Cormorant
Pied
Cormorant
Pacific Black
Duck
Great
Cormorant
Australian
Pelican
Purple

18/11/05
18/11/05

5

Dry Land

Ground

Pecking

Porphyrio porphyrio
Pelecanus
conspicillatus
Sterna caspia
Pelecanus
conspicillatus
Tadorna
tadornoides
Larus
novaehollandiae

G

3

Riparian

Water

Pecking

FS
DA

9
3

Littoral
Open Water

Loafing

FS

5

Littoral

Water
Air
Perched on
vegetation

Open Water

Water

Loafing

Ground
Damp
Ground
Perched on
vegetation

Loafing

G
TFW

1

Riparian

Calidris acuminata
Anhinga
melanogaster
Anhinga
melanogaster
Phalacrocorax
sulcirostris
Phalacrocorax
melanoleucos
Phalacrocorax
varius

TFW

1

Dry Land

D

15

Riparian

D

4

Littoral

D

2

Riparian

D

7

Littoral

D

27

Littoral

Anas superciliosa
Phalacrocorax
carbo
Pelecanus
conspicillatus
Porphyrio porphyrio

Dab
D

3

Littoral

Water
Perched on
vegetation
Perched on
vegetation
Perched on
vegetation
Perched on
vegetation
Perched on
vegetation

FS
G

3
1

Littoral
Dry Land

Water
Ground

Littoral
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Foraging

G

Loafing

Porphyrio porphyrio

Flying/Diving
Loafing

Pecking
Loafing
Swimming/
Diving
Loafing
Loafing
Loafing
Loafing
Loafing
Swimming/
Probing
Pecking

Additional
observations

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

18/11/05

Scientific
name

Date

Lake

Common
name
Purple
Swamphen
Purple
Swamphen
Australian
Pelican
Caspian Tern
Australian
Pelican
Australian
Shelduck

Lake Charm

18/11/05

Swamphen
Little Pied
Cormorant
Australian
Pelican

18/11/05

Black Swan

17/11/05

Darter
Purple
Swamphen
Dusky
Moorhen
Australian
Pelican
Australian
Pelican

18/11/05

17/11/05
17/11/05
17/11/05
17/11/05
17/11/05
04/01/06
04/01/06
04/01/06
04/01/06
04/01/06
04/01/06
04/01/06

Grey Teal
Australian
Pelican
Australian
Pelican
Darter
Pacific Black
Duck
Pacific Black
Duck
Pink-eared
Duck
Purple

Phalacrocorax
melanoleucos
Pelecanus
conspicillatus

Perched on
vegetation
Perched on
vegetation

D

7

Open Water

FS

1

Open Water

Cygnus atratus
Anhinga
melanogaster

G

1

Littoral

D

1

Riparian

Water
Perched on
vegetation

Porphyrio porphyrio

G

9

Riparian

Ground

Gallinula tenebrosa
Pelecanus
conspicillatus
Pelecanus
conspicillatus

G

1

Littoral

Water

FS

4

Open Water

Loafing

FS

5

Littoral

Water
Perched on
vegetation

Anas gracilis
Pelecanus
conspicillatus
Pelecanus
conspicillatus
Anhinga
melanogaster

Dab

2

Littoral

Water

Loafing

FS

4

Littoral

Loafing

FS

7

Littoral

D

1

Littoral

Water
Perched on
vegetation
Perched on
vegetation

Anas superciliosa

Dab

5

Littoral

Water

Loafing

Anas superciliosa
Malacorhynchus
membranaceus
Porphyrio porphyrio

Dab

5

Open Water

Water

Loafing

Filter
G

6
3

Littoral
Dry Land

Water
Ground

Loafing
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Additional
observations

Foraging

Loafing

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Scientific
name

Common
name

Date

Lake
Charm
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy

Loafing
Loafing
Loafing
Loafing
Pecking

Loafing

Loafing
Loafing

Pecking

Five Young

Swamphen
Royal
Spoonbill
Australian
Pelican
Australian
Pelican
Eurasian Coot
Purple
Swamphen
Purple
Swamphen
Australian
White Ibis
Straw-necked
Ibis
Australian
Shelduck

Middle Lake

03/01/06

Middle Lake

03/01/06

Middle Lake
Middle Lake

03/01/06
03/01/06

Middle Lake

03/01/06

Middle Lake

03/01/06

Middle Lake

03/01/06

Middle Lake

03/01/06

Middle Lake

03/01/06

Middle Lake

03/01/06

Middle Lake

03/01/06

Middle Lake
Middle Lake

03/01/06
03/01/06

Musk Duck
Pacific Black
Duck
Pacific Black
Duck
Black Swan

Middle Lake

03/01/06

Australian
Wood Duck

Middle Lake

03/01/06

Middle Lake

03/01/06

Darter
Swamp
Harrier

Open Water
Littoral

Water
Water

Loafing

6

Littoral

Water

Pecking

2

Dry Land

Pecking

FS

60

FS
G

5
20

Porphyrio porphyrio

G

Porphyrio porphyrio
Threskiornis
molucca
Threskiornis
spinicollis
Tadorna
tadornoides

G

Open Water

LWB

250

Open Water

LWB

7000

Open Water

Land
Perched on
vegetation
Perched on
vegetation

G

48

Open Water

Water

D

1

Open Water

Water

Anas superciliosa

Dab

10

Littoral

Water

Anas superciliosa
Cygnus atratus

Dab
G

2
2

Littoral
Littoral

Water
Water

Chenonetta jubata
Anhinga
melanogaster
Circus
approximans

G

3

Littoral

D

7

Open Water

Water
perched on
vegetation

V

3

Littoral

Air
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Additional
observations

Foraging

Loafing

208

Biziura lobata

Loafing

Littoral

Perched on
vegetation
Perched on
vegetation

LWB

Platalea regia
Pelecanus
conspicillatus
Pelecanus
conspicillatus
Fulica atra

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Scientific
name

Common
name

Date

Lake
Lake

About 150
nests

Mostly
nesting
Mostly
nesting
Loafing
Swimming/
Diving
Loafing
Up-ending
Up-ending
Loafing
Loafing

One nesting
Flying/Hunting

04/01/06

Silver Gull

04/01/06

03/01/06

Caspian Tern
Australian
Pelican
Whiskered
Tern
Little Pied
Cormorant
Australian
Pelican
Purple
Swamphen
Australian
Shelduck
Australian
Pelican
Australian
Pelican
Australian
Pelican
Little Pied
Cormorant
Little Pied
Cormorant
Australian
Shelduck
Pacific Black
Duck

03/01/06

Darter

04/01/06
04/01/06
04/01/06
04/01/06
04/01/06
04/01/06
03/01/06
03/01/06
03/01/06
03/01/06
03/01/06
03/01/06

Larus
novaehollandiae

TFW

3

Dry Land

Ground

DA

2

Open Water

Air

FS

2

Littoral

Water

Chlidonias hybridus
Phalacrocorax
melanoleucos
Pelecanus
conspicillatus

VFW

17

Open Water

D

5

Open Water

FS

3

Dry Land

Air
Perched on
vegetation
Perched on
vegetation

Porphyrio porphyrio
Tadorna
tadornoides
Pelecanus
conspicillatus
Pelecanus
conspicillatus
Pelecanus
conspicillatus
Phalacrocorax
melanoleucos
Phalacrocorax
melanoleucos
Tadorna
tadornoides

G

1

Dry Land

Ground

G

57

Littoral

FS

8

Riparian

FS

1

Open Water

Water
Perched on
Vegetation
Perched on
Vegetation

FS

1

Littoral

D

3

Littoral

Water
Perched on
Vegetation

D

1

Littoral

Water

G

8

Littoral

Water

Loafing

Dab

3

Open Water

Loafing

D

1

Littoral

Water
Perched on
Vegetation

Sterna caspia
Pelecanus
conspicillatus

Anas superciliosa
Anhinga
melanogaster
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Loafing
Flying/Diving
Loafing
Flying/Diving
Loafing

Pecking
Loafing
Loafing
Loafing
Loafing
Loafing
Swimming/
Diving

Loafing

Additional
observations

Foraging

Loafing

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Scientific
name

Common
name

Date

Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake

Little Lake
Charm
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm

03/01/06
03/01/06
03/01/06
03/01/06
03/01/06
03/01/06
03/01/06
03/01/06
03/01/06

03/01/06
03/01/06
03/01/06
03/01/06
03/01/06

Whiskered
Tern
Royal
Spoonbill
Little Pied
Cormorant
Little Pied
Cormorant
Masked
Lapwing

6

Littoral

D

8

Littoral

D

5

Littoral

LWB

1

Dry Land

D

5

Littoral

D

4

Littoral

Water
Perched on
Vegetation
Perched on
Vegetation
Perched on
Vegetation
Perched on
Vegetation
Perched on
Vegetation

FS

3

Littoral

Water

Loafing

G

1

Littoral

Loafing

D

1

Littoral

Water
Perched on
Vegetation

FS

2

Littoral

Water

FS

7

Littoral

Water

Swimming/
Probing
Swimming/
Probing

Chlidonias hybridus

VFW

1

Open Water

Air

Flying/Diving

Platalea regia
Phalacrocorax
melanoleucos
Phalacrocorax
melanoleucos

LWB

1

Riparian

Filter Feeding

D

7

Littoral

D

35

Open Water

Water
Perched on
vegetation
Perched on
vegetation

Vanellus miles

OG

2

Dry Land

Ground
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Foraging

Loafing

Cygnus atratus
Phalacrocorax
carbo
Pelecanus
conspicillatus
Pelecanus
conspicillatus

Substrate

Black Swan
Great
Cormorant
Australian
Pelican
Australian
Pelican

Darter
Australian
White Ibis

Position on
wetland

G

Darter
Little Black
Cormorant
Australian
Pelican

Porphyrio porphyrio
Phalacrocorax
melanoleucos
Anhinga
melanogaster
Threskiornis
molucca
Anhinga
melanogaster
Phalacrocorax
sulcirostris
Pelecanus
conspicillatus

Purple
Swamphen
Little Pied
Cormorant

No. of
individuals

Feeding
Guilds*

03/01/06

Scientific
name

03/01/06

Common
name

Date

Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Little Lake
Charm

Pecking
Loafing
Loafing
Loafing
Loafing
Loafing

Loafing

Loafing
Loafing
Pecking

More birds
than last
Count.
Speed boats
on Charm.

03/01/06

Lake Charm

03/01/06

Lake Charm

03/01/06

Lake Charm

03/01/06

Lake Charm

03/01/06

Lake Charm

03/01/06

Lake Charm

03/01/06

Lake Charm
Lake Charm

03/01/06
03/01/06

Third Lake
Third Lake

17/11/08
17/11/08

03/01/06
03/01/06
03/01/06

Darter
Whiskered
Tern
Australian
Pelican
Masked
Lapwing
Whiskered
Tern
Pied
Cormorant
Little Pied
Cormorant
Silver Gull
Eurasian Coot
Australian
White Ibis
Straw-necked

Dry Land

D

2

Littoral

FS

3

Dab

Anas superciliosa
Circus
approximans
Threskiornis
molucca
Anhinga
melanogaster
Chlidonias hybridus
Pelecanus
conspicillatus
Vanellus miles
Chlidonias hybridus
Phalacrocorax
varius
Phalacrocorax
melanoleucos
Larus
novaehollandiae
Fulica atra
Threskiornis
molucca
Threskiornis

Loafing

Littoral

Ground
Perched on
vegetation
Perched on
vegetation

1

Dry Land

Ground

Loafing

V

1

Littoral

Air

Flying/Hunting

LWB

1

Littoral

Water

D

1

Littoral

Water

Pecking
Swimming/
Diving

VFW

2

Open Water

Air

FS

2

Littoral

Water

Loafing

OG

2

Dry Land

Ground

Loafing

VFW

32

Littoral

Loafing

D

7

Littoral

D

5

Littoral

Peer
Perched on
vegetation
Perched on
vegetation

TFW
G

4
3

Riparian
Littoral

LWB
LWB

52
10

Littoral
Littoral

136

Ground
Water
Perched on
vegetation
Perched on

Additional
observations

6

Foraging

G

Loafing

Porphyrio porphyrio
Phalacrocorax
carbo
Pelecanus
conspicillatus

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Lake Charm

03/01/06

Purple
Swamphen
Great
Cormorant
Australian
Pelican
Pacific Black
Duck
Swamp
Harrier
Australian
White Ibis

Scientific
name

03/01/06

03/01/06

Common
name

Date

Lake
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm

Pecking

Loafing

Flying over
Speed boats
on lake

Loafing
Loafing
Loafing
Loafing
Small
Rookery
Small

Third Lake

03/01/06

Third Lake

03/01/06

Third Lake

03/01/06

Third Lake

03/01/06

Third Lake

03/01/06

Third Lake
Third Lake

03/01/06
03/01/06

Third Lake

03/01/06

Third Lake

03/01/06

Third Lake

03/01/06

Third Lake
Third Lake

03/01/06
03/01/06

Lake Charm

07/02/06

Lake Charm

07/02/06

Lake Charm

07/02/06

Darter
Chestnut Teal
Pacific Black
Duck
Royal
Spoonbill
Purple
Swamphen
Little Pied
Cormorant
Black Swan
Purple
Swamphen
Great
Cormorant
Australian
Pelican

Lake Charm
Lake Charm

07/02/06
07/02/06

Silver Gull
Great Crested

spinicollis
Pelecanus
conspicillatus
Tadorna
tadornoides

Littoral

vegetation
Perched on
vegetation

Loafing

Open Water

Water

Loafing

Water
Perched on
vegetation
Perched on
vegetation
Perched on
vegetation
Water

Loafing

Water
Perched on
vegetation

Loafing

FS

32

G

296

G

65

Littoral

D

5

Littoral

Chenonetta jubata
Phalacrocorax
carbo
Phalacrocorax
varius
Anhinga
melanogaster
Anas castanea

D

6

Littoral

D
Dab

6
4

Open Water
Open Water

Anas superciliosa

Dab

27

Littoral

Platalea regia

LWB

1

Littoral

Porphyrio porphyrio
Phalacrocorax
melanoleucos
Cygnus atratus

G

4

Dry Land

D
G

7
8

Littoral
Open Water

Porphyrio porphyrio
Phalacrocorax
carbo
Pelecanus
conspicillatus
Larus
novaehollandiae
Podiceps cristatus

G

6

Dry Land

D

2

Littoral

Ground
Perched on
vegetation

FS

1

Littoral

Water

TFW
D

3
2

Open Water
Open Water

Air
Water

137

Ground
Perched on
vegetation
Water

Additional
observations

Foraging

Loafing

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Scientific
name

Date

Lake

Common
name
Ibis
Australian
Pelican
Australian
Shelduck
Australian
Wood Duck
Great
Cormorant
Pied
Cormorant

Rookery

Loafing
Loafing
Loafing
Loafing

Loafing
Pecking
Loafing
Loafing
Pecking
Loafing
Swimming/
Probing
Flew over
Loafing

Lake Charm

07/02/06

Darter

Lake Charm

07/02/06

Lake Charm

07/02/06

Lake Charm

07/02/06

Lake Charm

07/02/06

Darter
Pied
Cormorant
Little Pied
Cormorant
Australian
Pelican

Lake Charm
Lake Charm

07/02/06
07/02/06

Lake Charm

07/02/06

Lake Charm

07/02/06

Lake Charm

07/02/06

Lake Charm

07/02/06

Lake Charm

07/02/06

Lake Charm

07/02/06

Lake Charm

07/02/06

Lake Charm

07/02/06

Darter
Caspian Tern
Australian
Pelican
Great
Cormorant
Great Crested
Grebe
Little Pied
Cormorant
Little Pied
Cormorant
Little Black
Cormorant
Little Black
Cormorant
Whiskered
Tern

Lake Charm

07/02/06

Silver Gull

Anhinga
melanogaster
Anhinga
melanogaster
Phalacrocorax
varius
Phalacrocorax
melanoleucos
Pelecanus
conspicillatus
Anhinga
melanogaster
Sterna caspia
Pelecanus
conspicillatus
Phalacrocorax
carbo
Podiceps cristatus
Phalacrocorax
melanoleucos
Phalacrocorax
melanoleucos
Phalacrocorax
sulcirostris
Phalacrocorax
sulcirostris
Chlidonias hybridus
Larus
novaehollandiae

D

1

Littoral

D

1

Littoral

D

1

Open Water

D

1

Littoral

FS

1

Littoral

D
DA

1
1

Littoral
Open Water

FS

1

Littoral

D

4

Littoral

D

2

Open Water

D

1

D

Perched on
vegetation
Perched on
vegetation
Water
Perched on
vegetation
Water
Perched on
vegetation
Air
Water
Perched on
vegetation

Loafing
Loafing
Swimming/
Diving
Loafing
Loafing
Loafing
Flying/Diving
Swimming/
Probing
Loafing
Loafing

Littoral

Water
Perched on
vegetation

1

Dry Land

Ground

Loafing

D

1

Dry Land

Ground

Loafing

D

1

Littoral

Water

VFW

5

Open Water

TFW

2

Riparian

Air
Perched on
vegetation

138

Loafing

Swimming/
Diving
Flying/Diving
Loafing

Additional
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Foraging

Loafing

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Scientific
name

Common
name

Date

Lake

Grebe

08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06

Middle Lake
Middle Lake

08/02/06
08/02/06

Middle Lake

08/02/06

Middle Lake
Middle Lake

08/02/06
08/02/06

Australian
Pelican
Pacific Black
Duck
Pacific Black
Duck
Darter
Pied
Cormorant
Purple
Swamphen
Purple
Swamphen
Australian
Pelican
Black Swan
Australian
Shelduck
Royal
Spoonbill
Pacific Black
Duck
Royal
Spoonbill
Hardhead
Pacific Black
Duck
Royal
Spoonbill
Australian

FS

1

Open Water

Water

Anas superciliosa

Dab

4

Open Water

Water

Loafing

Anas superciliosa
Anhinga
melanogaster
Phalacrocorax
varius

Dab

2

Littoral

Loafing

D

1

Riparian

D

1

Littoral

Porphyrio porphyrio

G

2

Dry Land

Water
Perched on
vegetation
Perched on
vegetation
Perched on
vegetation

Porphyrio porphyrio
Pelecanus
conspicillatus

G

6

Riparian

Ground

FS

2

Open Water

Water

Loafing

G

1

Open Water

Water

Loafing

G

16

Open Water

Loafing

Platalea regia

LWB

11

Riparian

Water
Perched on
vegetation

Anas superciliosa

Dab

7

Riparian

Loafing

Platalea regia
Aythya australis

LWB
D

178
7

Open Water
Riparian

Water
On
Vegetation
Water

Loafing

Anas superciliosa

Dab

4

Riparian

Water

Loafing

Platalea regia
Tadorna

LWB
G

8
1

Littoral
Open Water

Water
Perched on
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Additional
observations

Swimming/
Probing

Pelecanus
conspicillatus

Cygnus atratus
Tadorna
tadornoides

Foraging

Loafing

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Scientific
name

Common
name

Date

Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake
First Reedy
Lake

Loafing
Loafing
Pecking
Wading/
Pecking

One young
being feed

Breeding

Wading/
filter feeding
Loafing

08/02/06

Middle Lake

08/02/06

Middle Lake

08/02/06

Middle Lake
Middle Lake

08/02/06
08/02/06

Middle Lake

08/02/06

Middle Lake

08/02/06

Middle Lake

08/02/06

Middle Lake

08/02/06

Middle Lake

08/02/06

Middle Lake

08/02/06

Middle Lake

08/02/06

Middle Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake

08/02/06

08/02/06

Darter
Purple
Swamphen
Swamp
Harrier
Australian
White Ibis
Masked
Lapwing

08/02/06

Silver Gull

08/02/06

tadornoides
Threskiornis
molucca
Threskiornis
spinicollis
Phalacrocorax
sulcirostris
Phalacrocorax
sulcirostris
Cygnus atratus
Pelecanus
conspicillatus
Porphyrio porphyrio
Tadorna
tadornoides
Anas superciliosa
Pelecanus
conspicillatus
Anhinga
melanogaster
Porphyrio porphyrio
Circus
approximans
Threskiornis
molucca
Vanellus miles
Larus
novaehollandiae

LWB
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Open Water

LWB

3050

Open Water

D

12

Littoral

D
G

1
4

Riparian
Littoral

FS

1

Littoral

G

2

G

Vegetation
On
Vegetation
On
Vegetation
Perched on
Vegetation
Perched on
Vegetation
Water

Additional
observations
Mostly
young birds
Mostly
young birds

Loafing
Loafing
Loafing
Loafing

Riparian

Water
Perched on
Vegetation

20

Littoral

Water

Loafing

Dab

24

Littoral

Loafing

FS

15

Littoral

D

3

Littoral

G

2

Riparian

Water
Perched on
Vegetation
Perched on
Vegetation
Perched on
Vegetation

V

1

Littoral

Air

LWB

1

Dry Land

Ground

Loafing

OG

2

Dry Land

Ground

Loafing

TFW

9

Dry Land

Ground

Loafing
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Foraging

Loafing

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Scientific
name

Common
name

Date

Lake
Middle Lake

Shelduck
Australian
White Ibis
Straw-necked
Ibis
Little Black
Cormorant
Little Black
Cormorant
Black Swan
Australian
Pelican
Purple
Swamphen
Australian
Shelduck
Pacific Black
Duck
Australian
Pelican

Loafing

Loafing
Loafing
Loafing
Flying/Hunting

08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06

Silver Gull
Australian
Shelduck
Australian
Shelduck
Eurasian Coot
Australian
Pelican
Australian
Pelican
Darter
Purple
Swamphen
Australian
Shelduck
Australian
Pelican
Whiskered
Tern
Swamp
Harrier
Pied
Cormorant
Grey Teal
Purple
Swamphen
White-bellied
Sea-Eagle

TFW

2

Riparian

Perched on
Vegetation

Loafing

G

1

Littoral

Ground

Loafing

G

15

Littoral

Water

Loafing

G

2

Littoral

Water

FS

1

Open Water

FS

3

Littoral

D

1

Littoral

Water
Perched on
Vegetation
Perched on
Vegetation

G

9

Dry Land

Ground

G

12

Open Water

Water

FS

3

Open Water

Water

Swimming/
Probing

Chlidonias hybridus
Circus
approximans
Phalacrocorax
varius

VFW

4

Open Water

Air

Flying/Diving

V

1

Littoral

Flying/Hunting

D

4

Littoral

Air
Perched on
vegetation

Loafing

Anas gracilis

Dab

1

Littoral

Water

Loafing

G

7

Littoral

V

2

Riparian

Water
Perched on
vegetation

Larus
novaehollandiae
Tadorna
tadornoides
Tadorna
tadornoides
Fulica atra
Pelecanus
conspicillatus
Pelecanus
conspicillatus
Anhinga
melanogaster
Porphyrio porphyrio
Tadorna
tadornoides
Pelecanus
conspicillatus

Porphyrio porphyrio
Haliaeetus
leucogaster
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Swimming/
Diving
Swimming/
Probing
Loafing
Loafing
Pecking
Loafing

Pecking
Loafing

Additional
observations

Foraging

Loafing

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Scientific
name

Common
name

Date

Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Kangaroo
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake

Little Lake
Charm
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm

08/02/06

Darter

08/02/06

Darter

08/02/06

Darter
Swamp
Harrier
Whiskered
Tern
Pacific Black
Duck
Pied
Cormorant
Pied
Cormorant
Whiskered
Tern
Pacific Black
Duck
Purple
Swamphen
Hoaryheaded.
Grebe
Masked
Lapwing
Pacific Black
Duck
Purple
Swamphen
Australian
White Ibis

08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06
08/02/06

08/02/06
08/02/06
08/02/06
08/02/06
08/02/06

D

3

Riparian

D

2

Littoral

Perched on
vegetation
Perched on
vegetation

D

1

Open Water

Water

V

2

Littoral

Chlidonias hybridus

VFW

35

Air
Perched on
posts

Anas superciliosa
Phalacrocorax
varius
Phalacrocorax
varius

Dab

8

Riparian

D

4

Open Water

D

18

Open Water

Water
Perched on
posts
Perched on
vegetation

Chlidonias hybridus

VFW

11

Open Water

Air

Anas superciliosa

Dab

2

Riparian

Water

Porphyrio porphyrio

G

2

Littoral

Water

Poliocephalus
poliocephalus

D

2

Open Water

Water

Vanellus miles

OG

2

Dry Land

Ground

Anas superciliosa

Dab

6

Open Water

Water

G

3

Dry Land

Ground

LWB

2

Riparian

Water

Anhinga
melanogaster
Anhinga
melanogaster
Anhinga
melanogaster
Circus
approximans

Porphyrio porphyrio
Threskiornis
molucca

Open Water
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Additional
observations

Foraging

Loafing

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Scientific
name

Common
name

Date

Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Racecourse
Lake
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm
Little Lake
Charm

Drying
Wings

Loafing
Loafing
Swimming/
Diving
Flying/Hunting
Loafing
Loafing
Loafing
Loafing
Flying/Diving
Loafing
Pecking

Loafing
Pecking
Loafing
Pecking
Wading/
Probing

Perched on
vegetation

Loafing

Platalea regia

LWB

2

Dry Land

Ground

Loafing

Sterna nilotica
Threskiornis
molucca
Threskiornis
spinicollis
Pelecanus
conspicillatus
Pelecanus
conspicillatus

DA/TFW

1

Open Water

LWB

40

Littoral

LWB

10

Littoral

FS

3

Littoral

Air
Perched on
vegetation
Perched on
vegetation
Perched on
vegetation

FS

5

Littoral

Water

Dab

15

Open Water

D

1

Open Water

D

10

Open Water

G

3

Littoral

Water
Perched on
vegetation
Perched on
vegetation
Perched on
vegetation

G

42

Open Water

Water

G

85

Open Water

Water

TFW

3

Open Water

Water

DA

2

Open Water

Air

D

1

Open Water

Water

03/01/06

Third Lake

08/02/06

Third Lake

08/02/06

Third Lake

08/02/06

Third Lake

08/02/06

Third Lake

08/02/06

Third Lake

08/02/06

Third Lake

08/02/06

Third Lake

08/02/06

Third Lake

08/02/06

Silver Gull

Anas superciliosa
Phalacrocorax
carbo
Phalacrocorax
carbo
Tadorna
tadornoides
Tadorna
tadornoides
Tadorna
tadornoides
Larus
novaehollandiae

Third Lake

08/02/06

Third Lake

08/02/06

Caspian Tern
Great
Cormorant

Sterna caspia
Phalacrocorax
carbo
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Additional
observations

Foraging

Loafing

Substrate

Riparian

Third Lake

08/02/06

Position on
wetland
2

03/01/06

08/02/06

No. of
individuals

Dab

Third Lake

08/02/06

Feeding
Guilds*

Common
name

Date

Lake

Scientific
name
Anas superciliosa

Pacific Black
Duck
Royal
Spoonbill
Gull-billed
Tern
Australian
White Ibis
Straw-necked
Ibis
Australian
Pelican
Australian
Pelican
Pacific Black
Duck
Great
Cormorant
Great
Cormorant
Australian
Shelduck
Australian
Shelduck
Australian
Shelduck

Little Lake
Charm
Little Lake
Charm
Little Lake
Charm

Flying/Diving
Small
Rookery
Small
Rookery
Loafing
Swimming/
Probing
Loafing
Nesting one
young
Loafing
Loafing
Swimming/
Dabbling
Loafing
Flying/
Skimming
Flying/
Skimming
Swimming/
Diving

08/02/06

Third Lake

08/02/06

Third Lake

08/02/06

Third Lake

08/02/06

Third Lake

08/02/06

Third Lake

08/02/06

Third Lake

08/02/06

Grey Teal
Great
Cormorant
Purple
Swamphen
Dusky
Moorhen
Australian
Wood Duck
Australian
White Ibis
Straw-necked
Ibis

Third Lake

08/02/06

Silver Gull

Dab

5

Open Water

D

1

Open Water

Porphyrio porphyrio

G

5

Riparian

Gallinula tenebrosa

G

1

Riparian

Chenonetta jubata
Threskiornis
molucca
Threskiornis
spinicollis
Larus
novaehollandiae

G

4

Open Water

LWB

60

Littoral

LWB

9

Littoral

TFW

2

Littoral

Anas gracilis
Phalacrocorax
carbo

* See Section 4.3 (Results, discussion and implications of data) for description of feeding guilds.
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Perched on
vegetation
Perched on
vegetation
Water
Perched on
vegetation
Water
Perched on
vegetation
Perched on
vegetation
Perched on
vegetation

Additional
observations

Foraging

Loafing

Substrate

Position on
wetland

No. of
individuals

Feeding
Guilds*

Scientific
name

Common
name

Date

Lake
Third Lake

Loafing
Loafing
Wading/
Pecking
Loafing
Loafing
Small
Rookery
Small
Rookery
Loafing

Appendix F: The relative abundances of macroinvertebrate taxa
A summary of the relative abundances of macroinvertebrate taxa sampled across the seven Kerang lakes in April 2006. Macroinvertebrates have been sorted to
family level and, where possible, to genera
Kangaroo

Lake

Site

1

2

3

Racecourse

4

1

2

3

Agraptocorixa sp.

1

Anisops sp.

2

Little Lake
Charm

Lake Charm

4

1

2

3

4

1

2

3

Third Lake

4

1

2

3

Middle Lake

4

1

1

3

3

4

24

1

3

2

3

First Lake

4

2

1

2

3

1

4
1

Anisops sp. (juvenile)
Austrogammarus sp.

21

1

15

35

37

43

2

4

3

1

3

Austropeplea sp.
3

Berosus sp.

1

1

Berosus sp. (larval)
2

Bezzia sp.
1

Cherax sp.
Chironomidae

25

4

2

5

2

1

1

181

56

77

40

21

1

3

1

5

1
4

38

4

5

3

10

17

Chostonectes sp.
Corbicula sp.
Corrixidae sp. (juvenile)
Daternomina sp.

1

Diaprepocoris sp.

1

1
1

Dytiscidae
1

Edmundsiops sp.
Ferrissia sp.

2

1

1
1

2

5
1

1

14

1

7

2

2
1

Glyptophysa sp.

1

1
1

Glossiphonia sp.
4

Hellyethira sp.
Hemianax
Hemicordulia
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1

7

7

Kangaroo

Lake

Site

1

2

3

Racecourse

4

1

2

3

Little Lake
Charm

Lake Charm

4

1

2

3

4

1

2

3

Third Lake

4

1

2

3

Middle Lake

4

1

2

6

9

4

3

3

First Lake

4

1

2

3

4

8

17

Hydrachna sp.
Irpacaenis sp.
1

Ischnura sp.

4

1

Laccotrephes sp.
Lancetes sp.
1

Lumbriculus sp.
Macrobrachium sp.

1

5

1

92

8

6

4

4

1

Maydenoptila

1

5

7

25

24

6

56

6

28

12

2

32

38

3

1

3
1

Mesovelia sp.

1

1

Mesovelia sp. (Juv)
1

Micronecta sp.

1

23
1

Micronecta sp. (juvenile)

9

6

5

8

3

1

1

2

2
1

Naucoris sp.
Naucoris (juv)
1

Necterosoma sp.

1
6

Nymphulinae (Sub family)

1

1

1

Paraplea sp.
Paraplea (juv)
Paratya sp.

6

3

17
4

Physa sp.
Pisidium sp.
Sciomydiae larvae
(family)

32

3

148

29

33

14

52

41

12

18

32

215

212

92

180

1

59
9

1

3

172

71

74

55

1

5

12

6

88

83

3
1

Sigara sp.
Tachaea sp.
Tetragnatha sp.

2

1

2

1

146

1

1

1

52

120

Kangaroo

Lake

Site

1

2

3

Racecourse

4

1

2

3

4

1

2

Third Lake

Middle Lake

First Lake

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

126

110

39

265

266

129

251

137

213

86

135

79

18

32

149

133

67

143

1

Triplectides sp.
TOTAL No. of Individuals

Little Lake
Charm

Lake Charm

58

11

40

28

244

44

44

19

258
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Appendix G: Wetland vegetation maps
Maps were produced at a scale of 1: 800 using 2004 orthophotos. Field ground-truthing was
conducted in April 2006. A legend listing EVCs and other mapping units is shown at the end
of this section.

Figure iii-a: Kangaroo Lake (north).
Map of wetland vegetation around the northern half of Kangaroo Lake. Legend for all
mapped wetlands is shown below.
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Figure iii-a: Kangaroo Lake (south).
Map of wetland vegetation around the southern half of Kangaroo Lake. Legend for all
mapped wetlands is shown below.
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Figure iii-b: Racecourse Lake.
Map of wetland vegetation around Racecourse Lake. Legend for all mapped wetlands is
shown below.
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Figure iii-c: Lake Charm.
Map of wetland vegetation around Lake Charm. Legend for all mapped wetlands is shown
below.
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Figure iii-d: Little Lake Charm.
Map of wetland vegetation around Little Lake Charm. Legend for all mapped wetlands is
shown below.
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Figure iii-e: Third Lake.
Map of wetland vegetation around Third Lake. Legend for all mapped wetlands is shown
below.
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Figure iii-f: Middle Lake.
Map of wetland vegetation around Middle Lake. Legend for all mapped wetlands is shown
below.
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Figure iii-g: First Lake.
Map of wetland vegetation around First/Reedy Lake. Legend for all mapped wetlands is
shown below.
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Legend: Wetland mapping units
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Appendix H: Dead wood maps
Dead wood was mapped at a scale of 1: 800 using 2004 orthophotos.

Figure iv-a: Kangaroo Lake.
Dead wood indicated by yellow polygons, which are scaled to represent the dead wood in one
dimension.
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Figure iv-b: Racecourse.
Dead wood indicated by yellow polygons, which are scaled to represent the dead wood in one
dimension.
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Figure iv-c: Lake Charm.
Dead wood indicated by yellow polygons, which are scaled to represent the dead wood in one
dimension.

159

Figure iv-d: Little Lake Charm.
Dead wood indicated by yellow polygons, which are scaled to represent the dead wood in one
dimension.
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Figure iv-e: Third Lake.
Dead wood indicated by yellow polygons, which are scaled to represent the dead wood in one
dimension.
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Figure iv-f: Middle Lake.
Dead wood indicated by yellow polygons, which are scaled to represent the dead wood in one
dimension.
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Figure iv-g: First Lake.
Dead wood indicated by yellow polygons, which are scaled to represent the dead wood in one
dimension.
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Appendix I: Wetland EVCs used in wetland vegetation mapping
The number and name of all wetland EVCs identified at the seven Kerang wetlands in April
2006. EVCs are listed in numerical order. The left column (Benchmark descriptions) gives
details of each EVC as given in the Benchmarks provided by DSE. The right column gives
information on each EVC as used in this mapping project.
Benchmark description
292 Red Gum Swamp
Woodland of swampy depressions of
lowland plains, with sedgy-herbaceous
understorey including aquatic species.
Indicator species: Carex tereticaulis,
Eleocharis acuta, Eucalyptus
camaldulensis, Marsilea drummondii,
Myriophyllum crispatum.

Descriptive points & rationale
Occurrence at Third Lake only, in a highly disturbed area with
history of activities such as weed control, excavations. Possibly a
result of changed water regime.
Characterised by young mature and re-growth overstorey of
Eucalyptus camaldulensis, with variable understorey and patches of
other vegetation types.
Variable understorey comprises (at least):
•

On slightly higher ground: Carex tereticaulis, Pratia
concolor, Alternanthera sp and the introduced Cyperus
exaltatus, Aster subulatus, Paspalum dilatatum.

•

Lower areas with moister sometimes peaty soil:
Persicaria decipiens, Cyperus eragrostis, Ludwigia
peploides, Marsilea drummondii, Marsilea sp.

Other vegetation types and growth-forms are included in EVC 292 at
Third Lake because they occur as patches that are too small to map
separately and too difficult to detect boundaries confidently, and
because all occur within this patch of E. camaldulensis woodland.
They are:
•

Rushland-herbland dominated by Juncus amabilis and
Juncus usitatus with traces of Juncus ingens, and including
tall herbs notably Persicaria hydropiper, Rumex spp.,
Marsilea spp.,

•

Tangled Lignum; patch is 2-3 m tall vigorous flowering.

•

Tall Marsh: tall vigorous patch of Phragmites australis;
scattered occurrence of Schoenoplectus validus; patches of
Typha invading, and forming and outer fringe.

537 Brackish Aquatic Herbland

Presence difficult to detect in turbid water.

Submerged (to weakly emergent) herbland,
including more salt-tolerant aquatic species
in semi-attached floating mats.

Noted in one wetland only, Lake Charm, and only in trace amounts,
in shallow water in sheltered area.

Indicator Species: Characeae, Lepilaena
spp., Polyanthis polyantha, Mimulus
repens, Myriophyllum muelleri,
Myriophyllum verrucosum, Potamogeton
pectinatus, Tiglochin striata.

In April 2006, this was species-poor: Sago pond-weed Potamogeton
pectinatus, with Characeae.
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Benchmark description
653 Aquatic Herbland
Semi-permanent to seasonal wetland
vegetation, treeless (or nearly so),
dominated by herbaceous aquatic species
(typically with at least rootstocks tolerant
of dry periods).
Indicator Species: Ludwigia peploides
ssp. montevidensis, Myriophyllum spp.,
Nymphoides spp., Ranunculus inundatus,
Triglochin process s.l., Villarsia
reniformis.
821 Tall Marsh
Woodland dominated by tall emergent
graminoids, typically in species-poor
swards. Rushland, sedgeland or reedbed –
locally closed or in association or finescale mosaic with Aquatic Herbland.
Indicator species: Bolboschoenus spp.,
Cladium procerum, Cyperus spp., Juncus
ingens, Phragmites australis,
Schoenoplectus tabernaemontani, Typha
spp.

Descriptive points & rationale
Occurring mainly as small patches in shallow open water areas,
surrounded by and protected by fringe of tall emergent macrophytes;
typically Typha on the outer (or lakeside) fringe and another species,
such as Schoenoplectus validus, on the inner.
In April 2006, this was species poor, only Myriophyllum
pappillosum and Ludwigia peplodes with occasional Myriophyllum
caput-medusae.

Occurring at all seven wetlands. Forming dense closed canopy
usually about 2m tall; shorter down to 1 m on drier sites and taller up
to 3 m occasionally.
Commonly dominated by Narrow-leafed Cumbungi Typha
domingensis. Other species occurring either as mono-specific stands,
with or without a fringe of Typha domingensis, or intermixed with it
are: Phragmites australis, Schoenoplectus validus, Juncus ingens
and Typha orientalis. Because Typha is an invasive species under
stable conditions, this EVC was mapped to show these combinations
as much as possible.
A consistent feature of Tall Marsh in April 2006 is the presence of
the introduced perennial rush, Spiny Rush Juncus acutus, on the
landward side of Tall Marsh. It is so widespread that it is rarely
absent, and varies only in its width (typically one, two or three
tussocks, but occasionally much wider as at Little Lake Charm.
Tall Marsh is expanding, with a fringe of younger shoots evident on
the lake-side of many stands (vegetative expansion) or else a slightly
separated fringe (probably seedling recruitment). This fringe was
mapped separately.

823 Lignum Swampy Woodland
Tall mostly dense shrub layer, dominated
by Tangled Lignum, in association with
eucalypt/acacia low woodland. Ground
cover includes a component of obligate
wetland flora that is able to persist (even if
dormant) over dry period.
Indicator Species: Acacia stenophylla,
Eucalyptus camaldulensis, Eucalyptus
largiflorens, Muehlenbeckia florulenta.

The pre-1750 EVC modelling shows Lignum Swampy Woodland as
dominant and extensive covering all three Reedy Lakes and
occurring around Racecourse.
Lignum shrubland now restricted to within just two wetlands and
generally lacking the ‘woodland’ component, and typically
characterised by Typha either as a fringe or inter-mixed: Middle
(where extensive) and First (small patches). Both presumably relict.
Other occurrences of lignum such as small patches on periphery of
Racecourse are assigned to this EVC by default.
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Benchmark description

Descriptive points & rationale

918 Submerged Aquatic Herbland

Presence can be hard to detect in turbid water.

Submerged beds of Ribbon Weed (also
known as Eel Grass) in lakes and ponds.

Not noted during field work in early April 2006.

Indicator Species: Myriophyllum spp.,
Vallisneria americana var americana.

Mapped on the basis of colour and texture (greenish colour and
slightly different texture from colonising Tall Marsh), location
(separated from stands of Tall Marsh).
One wetland, only (Racecourse). Water levels apparently lower at
time of aerial photograph in November 2004. Evidence for this is
that walls of the cutting made to drain water into Lake Charm are
evident in the south-western part of Racecourse.

949 Dwarf floating Aquatic Herbland

A highly transient and temporary EVC. Characterised by rapid
growth so can develop in a few days under suitable conditions; lack
of roots mean easily dispersed or re-distributed by wind.

Surface layer of dwarf free-floating plants,
usually as a component of more diverse
aquatic systems, but sometimes the only
life form present, and potentially
expanding over broad areas during
inundation.

Not noted during field work in early April 2006. At this time, freefloating species such as Azolla pinnata and Azolla filiculoides were
present only in trace amounts.

Indicator Species: Azolla spp., Lemna
spp., Ricciocarpus natans, Spirodela
polyrhiza, Wolffia spp.

Mapped on the basis of colour (reddish, likely to be Azolla spp.),
location (semi-enclosed areas, protected from wave action by Tall
Marsh), and mat texture (indicative of dense fine leaves).
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Appendix J: Targeted searches for submerged macrophytes

A summary of targeted searches for submerged macrophytes conducted between the 9th -10th
of April 2006, concurrent with sampling for macro-invertebrates. A description of method is
provided in the main report under Section 4.2.3 (Wetland vegetation mapping methodology).

Location of
sites

Site Characteristics

Search length (m) &
depth (cm)

Outcome

Kangaroo Lake
[1] Eastern
E 751803
N 6060730
[2] Northern
E 750979
N 6061968
[3] Western
E 750271
N 6061120
[4] Southern A
E 750675

Exposed, high energy site, between
willows. Substrate a hard slippery
clay, a little sand

10 m in 50 cm

No submerged
macrophytes detected.

Exposed, high energy; lawn adjacent
forming small cliff to lake. Willows.
Substrate sandy grit, hard clay

15 m in 50 cm

No submerged
macrophytes detected.

Sheltered bay behind headland.
Typha colonising off-shore.
Substrate organic ooze, not firm,
slightly sticky.

25 m in 40-50 cm

Traces of a milfoil
Myriophyllum sp.
(vegetative but robust).

Lakeside of Tall Marsh of Typha.
Substrate is firm sand.

10 m in 70-90 cm

No submerged
macrophytes detected.

Protected area between stands of
Tall Marsh of Typha. Substrate is
firm sand with no debris of organic
matter or wood.

20 m in 10 cm

No submerged
macrophytes detected.

N 6057765
[5] Southern B
E 751641
N 6056249

20 m in 70-90 cm

Racecourse Lake
[1] Southern

Lakeside of dense fringe Tall Marsh
(Typha).

10 m in 70-90 cm

No submerged
macrophytes detected.

Lakeside of dense fringe of Tall
Marsh (Typha). Substrate
moderately firm.

10 m in 80 cm

No submerged
macrophytes detected.

[3] Northern A

Protected bay.

10 m in 20-30 cm

E 753281

Shallow area amongst patches
Myriophyllum papillosum,
Persicaria: substrate is anoxic
unconsolidated ooze.

20 m in 40-50 cm

No submerged
macrophytes detected.

E 752084
N 6054915
[2] Eastern
E 753318
N 6055326

N 6056599

Deeper area is open water between
Myriophyllum patch and fringe of
Typha. Substrate is deep, soft
unconsolidated ooze, smelly.

Drift contains
Vallisneria sp. and
Myriophyllum caputmedusae.
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Location of
sites

Site Characteristics

Search length (m) &
depth (cm)

Outcome

Racecourse Lake
[4] Northern B
E 753389
N 6056487

Protected bay, between patches of
Tall Marsh of Schoenoplectus
validus.

Shallows: 5 m at 5-10 cm
Deeper water: 10 m at 50
cm.

Shallows, along ledge of willow
roots, shaded by canopy Salix.

Deeper: No submerged
macrophytes.

Deeper, has substrate of fine sand
with some coarse pieces of emergent
macrophytes.
[5] Northern C
E. 753065
N 6056589

[6] Northern D
E 754806
N 6055444

Shallows: Crassula
helmsii locally
abundant, Glossostigma
trace, Characeae a trace.

Open area in amongst Aquatic
Herbland, between Myriophyllum
and protective fringe of Typha.
Substrate is deep silty, soft organic
ooze.

15 m in 70-90 cm

No submerged
macrophytes.

Cutting through Tall Marsh of
Typha used as boat launching spot.
Substrate is mix of hard clay and
bits of Typha tussocks.

10 m in 15 cm (between
Typha and small cliff at
water’s edge)

No submerged
macrophytes.

Lake Charm
[1] Southern
E 755317
N 6055241

[2] Eastern
E 756947
N 6056234

[3] Northern
E 755964
N 6058297
[4] Western A
E 754908
N 6057382

Adjacent to clump of Tall Marsh
(Phragmites) and open beach,
shelving.

Shallow: 15 m in 15 cm.
Deeper: 15 m in 50 cm.

Trace Characeae
present on pebble.

Substrate varying from small
pebbles and grit, apparently
calcareous, and sand in shallows to
firm yellow sand in deeper water.
Open area, open water, next to patch
of poor condition Tall Marsh (Typha
and Juncus acutus) on promontory.

10 m in 10 cm

Exposed shore, waves lapping cliff
covered by kikuyu, and Juncus
acutus. Dead River Red Gums
offshore. Substrate is coarse sand.

10 m at 5-10 cm

Searched amongst sparse Tall Marsh
of Typha, near a pump, area is
possibly maintained for pump
access.

7 m at 5-10 cm

10 m in 40 cm

No submerged
macrophytes.

10 m in 60-70 cm

10 m at 50 cm.

7 m at 40-50 cm.

No submerged
macrophytes.

No submerged
macrophytes.

Substrate for search area is coarse
gravel and sand.
[5] Western B
E 754886
N.

Under overhanging River Red Gum
next to lawn, Juncus acutus on land,
small cliff. Substrate is gravel of
calcrete and sand.

10 m in 5-10 cm
10 m in 40-50 cm

Traces of Characeae
and blue-green algae on
calcrete.
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Location of
sites

Site Characteristics

Search length (m) &
depth (cm)

Outcome

Little Lake Charm
[1] Northern D
E 754806

Cutting through Tall Marsh of
Typha used as boat launching spot.

10 m in 15 cm

No submerged
macrophytes.

N 6055444

Searched protected area between
Typha and small cliff at water’s
edge. Substrate is mix of hard clay
and detritus of Typha tussocks.

[2] Eastern

Patches of Tall marsh (Typha).
Substrate soft, yielding clay.

10 m in 65 cm

No submerged
macrophytes.

Shallow search under canopy of
Salix babylonica. Substrate has
snags (willow) and is sticky grey
clay but firm to walk on.

Shallow: 10 m

No submerged
macrophytes n shallow
or deeper searches.

E 755075
N 6054654
[3] Southern
E 755265
N 6054296

Deeper: 10 m in 65 cm.

Deeper search on lakeside of Tall
Marsh (Schoenoplectus validus).
[4] Western

Near little wooden plank jetty.

10 m in 5 cm

E 754358

Shallow: under canopy of Salix
babylonica. Substrate is dense
willow roots.

10 m in 45-50 cm

N 6055250

Shallow: traces
Crassula helmsii.
Deeper: no submerged
macrophytes.

Deeper: lakeside of Tall Marsh
(Schoenoplectus validus). Substrate
is sticky clay.

Third Lake
[1] Western
E 759119
N 6051840

Unofficial boat ramp through dense
Tall Marsh of Schoenoplectus
validus and Typha. Has fallen logs,
deep silty ooze, is 50-60 cm deep.
Standing dead trees near.

15 m in 45-50 cm.

No submerged
macrophytes

15 m in 40-50 cm

No submerged
macrophytes

10 m in 45-50 cm

No submerged
macrophytes

Searched lakeside of Tall Marsh,
where substrate is firm sandy clay,
with no silty ooze.
[2] Western B
E 758999
N 6051371

Sparse fringe of Tall Marsh (Typha)
with Aquatic Herbland behind.
Substrate under Myriophyllum is
soft, organics.
Searched on lakeside of Typha;
substrate is firm,-soft, sandy-clay.

[3] Eastern A
E 760351
N 6051205

Searched lakeside of Tall Marsh
(Typha fringe, Schoenoplectus
inner). Substrate is firm sandy clay,
reddish, with no organic material
such as leaves but lots fallen logs.
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Location of
sites

Site Characteristics

Search length (m) &
depth (cm)

Outcome

Third Lake
[4] Eastern B
E 760412
N 6052100
[5] Northern
E 759817
N 6052779

Searched lakeside of dense Tall
Marsh fringe (with Juncus ingens).
Substrate is sandy, clay, firm.

10 m in 45-55cm.

No submerged
macrophytes

Searched beside Tall Marsh
(Schoenoplectus validus) beside a
pool. Substrate is undulating firm
clay.

15 m in 35-45 cm

No submerged
macrophytes

Middle Lake
[1] South-western
E 759987
N 6049042
[2] Southern
E 760972
N 6048880

[3] Eastern A
E 0761252
N 6049962

[4] Northern
E 0760709
N 6050511

[5] Eastern B
E 761330
N 6049561

Protected bay. Off-shore are lots
dead trees, islands of Tall Marsh
(Typha). Searched lakeside of Tall
Marsh (Schoenoplectus).

15 m in 20-25 cm

No submerged
macrophytes.

Protected bay with beds of
Myriophyllum beginning to senesce,
between Tall Marsh.

15 m in 20-30 cm

No submerged
macrophytes.

7 m in 20-25 cm

No submerged
macrophytes.

Drift: Elatine
gratioloides.

Searched from shoreline to burned
Typha.
Tall Marsh (Schoenoplectus) with
outer fringe of Typha domingensis,
and open water in-between.
Shallow search in open water
amongst sparse Myriophyllum
papillosum. Deeper water search:
lakeside of Typha.
Sheltered backwater between Tall
Marsh (Schoenoplectus) and outer
fringe Typha.

7 m in 40-45 cm

10 m in 35 cm.

No submerged
macrophytes.

Shallow, 5 m in 30 cm

No submerged
macrophytes.

Searched lakeside of
Schoenoplectus. Substrate is deep
soft organic ooze.
Sheltered bay bounded by Tall
Marsh (Typha).

Deep, 5 m in 50 cm.

Searched shallow in bay: substrate is
sandy silty clay, firm-yielding. Deep
search, on lakeside of Typha.

First/Reedy Lake
[1] Northern
E 760884
N 6048661

Slightly open area, amongst Tall
Marsh (Typha) which is here quite
short.

10 m in 0-10 cm

No submerged
macrophytes

Substrate is red sand.
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Location of
sites

Site Characteristics

Search length (m) &
depth (cm)

Outcome

First/Reedy Lake
[2] Western A
E 760038
N 6048399

Beach, grading in Tall Marsh
(Schoenoplectus, Typha) which is
here quite short and sparse, not
dense.

10 m in 0-5 cm
10 m in 35-50 cm

Trace Characeae
(Nitella aff sonderi).

Searched shallows, and lakeside of
Schoenoplectus. Substrate is red
sand.
[3] Western B
E 0760017

Tall Marsh (Typha), sparse cover,
extending out to 75 cm depth.

N 6047660

Searched lake-side of Typha:
substrate firm.

[4] Southern A

Tall Marsh (Typha) is here sparse
and short, to 1 m.

E 0760315

10 m in 75 cm.

No submerged
macrophytes

10 m in 55 cm.

No submerged
macrophytes

No submerged
macrophytes

N 6047054

Searched lakeside of Typha.
Substrate is sand.

[5] Southern B

Apex Park Boat ramp area.

Shallow: 10 m in 35-50 cm

E 0761296

Shallow: searched open water in
bay. Substrate firm sand.

Deeper: 10 m in 50 cm.

N 6047133

Deeper: searched lakeside of
Schoenoplectus; substrate is firm
sand.

Drift: pieces of
Vallisneria.
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