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Executive summary
The Hattah-Kulkyne Lakes is one of six Living Murray icon sites, located in HattahKulkyne National park in the north west of Victoria. The lakes complex consists of 18
freshwater lakes, 12 of which are Ramsar listed. These lakes periodically fill during high
flow events fed by Chalka Creek, an anabranch of the Murray River. The lakes and
surrounds contain significant river red gum communities and support a diverse range of
waterfowl, native fish and invertebrates during wet phases, making them a significant
ecological asset.
River regulation and drought have threatened the values of the Hattah Lakes. In particular,
the absence of overbank flooding since 2000 led to serious concern regarding the health of
river red gum communities. This prompted the delivery of environmental water into the
Hattah Lakes from the Murray River as an emergency measure to maintain existing river red
gum communities. Approximately 25GL of water was pumped and ponded in Chalka Creek
and nine lakes from a series of four pumping events undertaken between April 2005 and
December 2006.
The Murray Darling Basin Commission (MDBC) engaged the Murray-Darling Freshwater
Research Centre (MDFRC) and EPA Victoria to monitor the ecological response of the
lakes to pumping and ponding for the 2006/07 period. The project aimed to determine
whether pumping is a viable option to meet The Living Murray objectives. The study
specifically focused on (i) assessing the response of river red gum condition to the flooding,
(ii) identifying water quality threats that may prevent diverse aquatic ecosystems from
developing and (iii) monitoring the response of fish, invertebrates and macrophytes by
surveying newly filled lakes and those filled for over one year.
Key findings from this study are:
• River red gum trees at inundated lakes (Lakes Mournpall and Brockie) improved their

condition (measured as crown density) to a significantly greater degree than at a control
lake (Lake Yelwell) that did not receive pumped water. This increase in tree condition is
attributed to the pumped watering event. In addition, there was an increase in tree
condition at the control lake (to a lesser extent than for the lakes receiving water) and this
is attributed to above average rainfall during the study period.
• Due to a build up of organic matter loads on dry lakebeds, some lakes experienced a brief

period of low dissolved oxygen following inundation. Extensive algal blooms also
developed over summer, causing large diel fluctuations in dissolved oxygen and pH.
These factors were identified as being potential threats to the development of aquatic
communities, particularly for macrophyte establishment.
• An abundant and relatively diverse native fish community has developed within the

Hattah Lakes. A total of 16,291 fish representing six native and two exotic fish species
were sampled from six lakes and Chalka Creek. Because the lakes were completely dry
prior to the first pumping event in April 2005, this community has developed from fish
larvae, eggs or juveniles pumped into the lakes. The sampling of only two exotic fish
species (goldfish and only one common carp) demonstrates that pumping is a filter upon
the fish community, with common carp and eastern gambusia in particular being
excluded with this water delivery mode.
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• Macrophyte seed bank trials demonstrated that there is a high potential for diverse native

macrophyte communities to develop at most lakes and therefore achieve the objectives
listed in the Hattah Lakes Environmental Management Plan.
• Macrophytes were able to establish on the lakebeds under the managed flooding regime,

although with varying levels of success between lakes. A total of 115 macrophyte taxa
belonging to 34 families were identified. Distinct macrophyte communities occurred at
each studied lake. The highest abundance and diversity of macrophytes occurred at
elevations +30 and +60cm above the waterline. These elevations occurred in areas that
were initially inundated following managed flooding but were exposed as lake water
levels lowered. Aquatic macrophyte establishment at or below the waterline was initially
quite poor at most lakes, however, macrophyte cover increased over the sampling period.
It is difficult to ascertain whether the patterns in macrophyte development are a function
of water quality (e.g. low dissolved oxygen, high turbidity) or the time since inundation.
• Despite some water quality concerns (e.g. blue-green algal blooms), pumping and

ponding allowed diverse and abundant macroinvertebrate and zooplankton communities
to develop and be sustained in the longer term, which will aid in achieving The Living
Murray objectives.
• Sediment assessments at eight lakes and Chalka Creek showed a low risk of sulfidic

sediments posing a management problem within the Hattah Lakes system.
Overall, the managed flooding event achieved by the pumping and ponding of water has
been a successful management intervention for improving river red gum health and allowing
diverse aquatic ecosystems to develop at the Hattah Lakes icon site. In the current drought
period, this has created a productive wetland system that is providing important ecosystem
services as a drought refuge. The lake ecosystems are dynamic and both water quality and
the condition and composition of biological communities will continue to change as the
lakes dry. Intervention monitoring will occur in 2007/08 for continued investigation of river
red gums, lakebed macrophytes, fish and some water quality variables. This additional
intervention monitoring will complement the existing data by allowing the communities
within the Hattah Lakes system to be monitored over a longer term. In the likely absence of
seasonal flooding or further pumping of environmental water at the Hattah Lakes in
2007/08, this monitoring will occur as the lakes undergo their drying phase.
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1. General Introduction
1.1 Purpose of the report
This report details the results from the water quality and biological surveys of the Hattah
Lakes system, in accordance with the Milestone 6 of the Hattah Lakes Intervention
Monitoring project (MDBC Agreement No. MD817). The project is funded through The
Living Murray program of the Murray-Darling Basin Commission.

1.2 Background
The Hattah-Kulkyne Lakes (henceforth Hattah Lakes) is a wetland system comprised of 18
freshwater lakes connected by a series of floodplain channels fed by the Murray River
during periods of high flow. It is located in Hattah-Kulkyne National Park in the north west
of Victoria, between Robinvale and Mildura, and contains 12 Ramsar-listed lakes (DSE,
2003a). The mosaic of waterbodies, including lakes ranging in permanence (0.4-2.8m
retained water depths; SKM, 2004), streams and temporary swamps, provide important
habitat for a range of biota including fish, invertebrates and waterbirds. The lakes also
supply water essential for maintaining healthy riverine woodlands including river red gum
communities. During dry phases, lakebeds and surrounds provide habitat for terrestrial
birds, mammals and reptiles as well as resting stages for aquatic invertebrates and
macrophytes seeds. A detailed information base for the Hattah Lakes icon site is provided in
MDBC (2005a).
River regulation has threatened the ecological values of the Hattah Lakes due to changes in
the timing, duration and frequency of wet and dry phases in the lake system (MDBC, 2006a;
Reid and Brooks, 2000). In response to evidence of these threats, the Murray Darling Basin
Commission in 2002 established The Living Murray program. The ‘first step’ of this
program focuses on protecting and improving the ecological condition of six icon sites
along the Murray River, including the Hattah Lakes system (MDBMC, 2003). This
improvement is to occur through the accrual and release of 500 GL.y-1 of recovered water
(after 5 years) and the implementation of a program of capital works and measures.
Pumping water into the Hattah Lakes from the Murray River occurred since April 2005 as
an emergency measure to maintain existing river red gum communities due to an absence of
overbank flooding at the Hattah Lakes since 2000. It is also expected to remain a long-term
management intervention for the Hattah Lakes icon site (MDBC, 2006a). EPA Victoria and
the Murray-Darling Freshwater Research Centre (MDFRC) have worked collaboratively to
assess the ecological benefits and risks of pumping water to the Hattah Lakes system. While
maintaining the health of river red gum trees was the primary impetus for the pumping, the
identification of water quality issues/threats and the potential to re-establish diverse aquatic
systems using managed flooding form important secondary objectives.
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Figure 1.1. Study region of the Hattah Lakes system.

1.3 Pumping events at Hattah Lakes
Since April 2005 some of the wetlands within the Hattah Lakes system have received
environmental water from a series of four pumping events (data sourced from Andy Wise
pers. comm., Kelly (2005), Kelly (2006) and personal observations). The first pumping
event commenced in April 2005 and filled Chalka Ck. All of the wetlands within the Hattah
Lake system were dry prior to this first watering event. Each subsequent pumping event
‘topped up’ the inundated lakes before filling additional dry lakes. Details of the pumping
events and the dates at which specific lakes began to receive inflows are presented in Table
1.1.
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Table 1.1. Pumping history at Hattah Lakes April 2005 – December 2006.
Pumping period and commencement dates of inflows
Wetland

GPS Location

15/4/05–
30/6/05

15/9/055/12/05

20/3/0630/6/06

12/9/069/12/06

Chalka Ck

632660 6157160

15 Apr 2005

15 Sep 2005

20 Mar 2006

12 Sep 2006

Lake Lockie

625220 6156250

26 Sep 2005

29 Mar 2006

Sep 2006

Lake Yerang

625000 6158240

21 Apr 2006

Sep 2006

Lake Mournpall

623300 6158600

Lake Little Hattah

623160 6153760

Lake Hattah
Lake Bulla

20 Sep 20064
18 Apr 20061

Sep 2006

623230 6153000

16 May 20062

30 Nov 2006

624500 6153250

20 Jun 2006

30 Nov 2006

15 Nov 2005

3

Lake Arawak

624750 6152700

Lake Marramook

625500 6152700

5 Dec 2006

Lake Brockie

626100 6153250

12 Dec 20065

Lake Boich

627050 6153150

Lake Yelwell

625360 6159320

Volume pumped

5 Jul 2006

1,200 ML

4,211 ML

6,900 ML

30 Nov 2006

13,545 ML

1

Regulator between Lake Little Hattah and Lake Hattah closed to increase head and facilitate flows into the
northern arm (to Lake Yerang only at this stage).
2
Regulator between Lake Little Hattah and Lake Hattah opened.
3
Lake Arawak maximum water level achieved c. 19 July 2006.
4
Lake Mournpall maximum water level achieved c. 30 Nov 2006.
5
Lake Brockie maximum water level achieved c. 24 Dec 2006.

1.4 Historical context to the pumping events
The storage and extraction of Murray River water upstream of the Hattah Lakes has resulted
in the mean discharge at Euston being c. 50% of natural (Maheshwari et al., 1993). The
effects of these changes to the hydrology of the Hattah Lakes are detailed in MDBC
(2006a), SKM (2004) and Mallee CMA (2006a,b). In the past ten years, a prolonged
drought combined with regulation and extraction from upstream has resulted in only a single
flood event in 2000 exceeding the 36,700 ML.d-1 threshold for inflows into the Hattah
Lakes system. Hence, pumping has been a necessary management intervention to get water
into the Hattah Lakes system.
The effect of drought over the past ten years is evident in the graphs of discharge at Euston
from 1990 to current (Figure 1.2) and from 1900 to current (Appendix 1). This daily flow
output from MSM BIGMOD of the MDBC shows modelled ‘natural’ flows, modelled
‘current’ flows (shown in Appendix 1 only), and actual recorded flows. Modelled natural
flow in the absence of river regulation and extraction demonstrates that since the flood of
1996, the lakes would have received inflows in 1997, 1998, 1999, 2000, 2003, 2004 and
2005 despite the prolonged drought conditions (Figure 1.2). Therefore, the anthropogenic
effects of river regulation through upstream storage and extraction are important factors in
explaining the severe reduction in the frequency of overbank flooding at the Hattah Lakes.
Management interventions such as pumping play an important role in achieving more
natural frequencies of lake flooding in the current setting of river regulation and drought.
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1.5 Objectives of the project
The broad objective of this project is to determine whether a managed flood achieved by the
pumping and ponding of water in the Hattah Lakes is a viable management intervention to
achieve The Living Murray objectives. The specific objectives are to:
a) Determine the changes in condition of river red gum trees fringing the lakebeds in
response to managed flooding.
b) Assess temporal changes in water quality at lakes that have recently filled and
those that have been filled for over a year.
c) Identify any water quality issues likely to pose a risk to the development of
suitable conditions for invertebrates, plants and fish, and form management
recommendations to ameliorate these if required.
d) Characterise the fish community present within the floodplain lakes following the
pumping and ponding of water.
e) Identify whether a diverse macroinvertebrate community (a food source for fish
and birds and important for carbon processing) develops in response to the
pumping and ponding of water.
f) Identify whether a diverse zooplankton community (a food source for fish and
birds and important for carbon processing) develops in response to the pumping
and ponding of water.
g) Assess whether a diverse macrophyte community develops in response to the
managed flooding (a Living Murray objective, and also important habitat to assist
achieving bird and fish objectives).
h) Assess the likelihood of occurrence of sulfidic sediments within the Hattah Lakes.
i) Visually document temporal changes in vegetation fringing the Hattah Lakes.

Hattah Lakes Intervention Monitoring 2006/07 - Final Report

4

200000
180000

Natural
Actual
Hattah CTF

160000

Discharge (ML.d-1)

140000
120000
100000
80000
60000
40000
20000
0
1/1/90

2/1/92

2/1/94

3/1/96

3/1/98

4/1/00

4/1/02

5/1/04

5/1/06

Date
Figure 1.2. Modelled natural (green) and actual (red) discharge at Euston on the Murray River. The commence to flow (CTF) of 36,700 ML.d-1
is presented (dark blue). Data courtesy of Andy Close, MDBC from MSM BIGMOD (run 20Nov07).

Hattah Lakes Intervention Monitoring 2006/07 - Final Report

5

2. River red gum
2.1 Introduction
2.1.1 Background
River red gum (Eucalyptus camaldulensis Dehnh.) is a widespread and dominant tree upon
floodplains of the Murray-Darling Basin (Roberts and Marston, 2000). Within the Hattah
Lakes system, the species extends 15km inland from the Murray River where it is
predominantly restricted to the fringing areas of the various wetlands.
In Victoria, rainfall alone is considered insufficient to meet the water requirements of river
red gum, with floodwater and groundwater being important water sources (e.g. Roberts and
Marson, 2000). This is reflected in the distribution of this species along the lower elevations
of the floodplain that have historically received relatively frequent flooding. The periodic
occurrence of surface water in the lakes freshens the groundwater layer and increases soilwater availability in the unsaturated zone, a process essential for maintaining healthy
riverine woodlands.
The storage and extraction of Murray River water upstream of the Hattah Lakes has resulted
in the current mean discharge at Euston being c. 50% of natural (Maheshwari et al., 1993).
This regulation has resulted in a reduction in the frequency and duration of flood events
within the Hattah Lakes system (MDBC, 2005a, 2006a) (see Section 1.4).
Several studies have highlighted the degraded and declining condition of river red gum trees
along the Murray River, with tree condition decreasing with distance downstream (Margules
and Partners, 1990; MDBC, 2003; Cunningham et al., 2007; MDBC, 2005b). These studies,
along with the continued drought in the Murray-Darling Basin, have led managers to
undertake environmental watering trials at sites along the Murray River such as at the
Chowilla, Lindsay and Wallpolla Islands icon site and numerous NSW wetlands (Val et al.,
2007). At the Hattah Lakes, environmental watering has occurred through pumping, with
the primary purpose being to improve the condition of river red gum communities within
the Hattah Lakes system.
2.1.2 Tree condition assessments
Visual assessments of tree condition typically focus upon the foliage or crown of the tree.
Despite eucalypt foliage representing c. 1% of a tree’s above ground biomass (Attiwill et
al., 1996 cited in Wheal, 2006), foliage biomass is an important measure because it
intercepts light for photosynthesis and provides the tree with its energy requirements. The
loss of foliage biomass either directly (e.g. herbivory) or indirectly through reduction in
physiological function (e.g. water, salt, soil nutrient deficiency) indicates that the tree is
experiencing some type of environmental stress (Stone et al., 2003).
2.1.3 Objectives
The Living Murray Outcomes Evaluation Framework (MDBC, 2006b) identifies ten
management interventions to deliver environmental benefits to the icon sites. These
management interventions form the basis of the Intervention Monitoring program of The
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Living Murray program. Only two of these interventions are effective at delivering
environmental water to the Hattah Lakes: Pumping to retaining sites with refugia, and
Pumping to retaining sites without refugia (MDBC, 2006b).
A prioritised list of hypotheses for intervention monitoring was established for each of fish,
birds and vegetation ecological communities (McCarthy et al., 2006b). Four vegetation
hypotheses were identified for the pumped water management interventions in McCarthy et
al. (2006b) (Table 2.1).
Table 2.1. Intervention monitoring (pumping) hypotheses for vegetation (McCarthy et
al., 2006b).
Hypothesis

Ecological
effect

Ranking

Suitable habitat for native vegetation will be created or maintained
through pumping to retaining sites without refugia

+

3

Native vegetation will germinate and recruit through pumping to
retaining sites with refugia

+

8

Suitable habitat for weed vegetation will be created or maintained
through pumping to retaining sites without refugia

-

13

Suitable habitat for native vegetation will be created or maintained
through pumping to retaining sites with refugia

+

17

Whilst these hypotheses are generally applicable to the lakebed vegetation communities
(Section 8) some also apply to the river red gum communities. In addition to these
hypotheses, a primary objective is to:
• Determine the changes in condition of river red gum trees fringing the lakebeds in

response to managed flooding.

2.2 Methods
2.2.1 Rainfall
The daily measurement of rainfall has occurred at the Hattah Lakes (Information Centre)
since 1964, and Parks Victoria kindly provided this data.
2.2.2 Experimental design
A BACI (before-after-control-impact) experimental design was established to determine the
effects of pumping upon the river red gum communities fringing some of the Hattah Lakes.
Given that many of the lakes comprising the Hattah Lakes system were inundated prior to
the commencement of this project, the use of a BACI design has been restricted only to
those lakes that were dry at the commencement of the study. As such, Lake Mournpall and
Lake Brockie were selected as the treatment or ‘impact’ sites within the BACI experimental
design. Lake Yelwell (a dry lake that did not receive pumped water) was selected as the
most appropriate experimental ‘control’ site available.
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The dates of the ‘before’ and ‘after’ sampling are shown in Table 2.2 for the three lakes.
The ‘after’ sampling was extended for as long as possible within the study period to
maximise the potential growth of tree crown in response to the pumped watering event.
Table 2.2. Sampling dates of river red gum at selected lakes
Lake

‘Before’ sampling

‘After’ sampling

Mournpall (Treatment)

22-29 Nov 06

18-31 Jul 07

Brockie (Treatment)

10-15 Jan 07

23 Jul–6 Aug 07

Yelwell (Control)

16-23 Jan 07

18-31 Jul 07

It is important to note that due to the project commencing as pumping was occurring, the
‘before’ survey at Lake Mournpall was completed just prior to the water level in the lake
reaching its maximum level. The ‘before’ survey at Lake Brockie was completed
approximately three weeks after the water level reached its maximum level within that lake.
It is feasible that the river red gums responded to the water through generating some new
crown prior to the ‘before’ survey at these lakes. However, any potential change in crown
density in the period between watering and the ‘before’ survey would likely be small given
that field assessments of recent crown growth (data not presented due to this measure being
found to be less reliable than the adopted measures in assessing tree condition) generally
showed none or only a small amount of recent growth at the time of the ‘before’ sampling.
2.2.3 Field surveys
Five transects (each comprised of 30 trees) were established along the perimeter of each of
the three lakes. In order to establish the appropriate location for these transects, aerial
imagery was obtained for each lake following the filling of the Hattah Lakes during the
1996 flood (River Murray Mapping, 2nd Ed.). For each lake, the water edge was mapped and
the circumference measured using ArcView GIS 3.2 software. A single site was randomly
selected along the water edge. Four further sites were positioned along the lake edge so that
the five sites were equidistant to one another based on circumference. GPS locations were
determined for each site.
In the field, each GPS position was located and a line established perpendicular to the
shoreline. The first 30 river red gum trees clockwise to the line (viewed aerially) and with
DBH (diameter at breast height over bark; 130cm from ground) >10cm were each tagged
and numbered with a cattle ear tag (total of 150 trees per lake). Note that river red gum trees
typically extended up to 100m from the shore before being replaced with black box trees.
Several lakes also had river red gum with DBH >10cm on the lakebed, and these trees were
also included within the sampling. The circumference (to calculate diameter at breast height
over bark: DBH) and GPS location of each tree were recorded. Tree elevation (m) relative
to the water edge and tree distance to water (m) were calculated from a digital elevation
model (DEM) of the Hattah Lakes system with ArcGIS 9 (ESRI) software.
2.2.4 Definitions
The following defined terms (Collins English Dictionary, 1991) have been adopted in this
report to describe the measures associated with river red gum trees.
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•
•
•

Crown n. Botany. The leaves and upper branches of a tree.
Canopy n. The highest level of branches and foliage in a forest, formed by the
crowns of the trees.
Foliage n. The green leaves of a plant.

The following definitions of terms as used by Ferretti (1997) have also been adopted:
“Tree health should be considered in a pathological sense, since it is defined as the
incidence of biotic and abiotic factors affecting trees. Tree condition is a more
general term which refers to the outer appearance of trees. Tree vigour refers to the
growth of a tree in relation to a hypothetical optimum”.
2.2.5 Foliage vigour assessment
Based on the above definitions, foliage vigour is the most appropriate description of the
measure adopted here to visually describe the condition of river red gum trees. Foliage
vigour (%) was scored as the amount of foliage present on the tree relative to a hypothetical
optimum for that tree given the existing branching structure. In the field, this entailed (a)
viewing the branching structure of the tree, (b) visualising the maximum amount of foliage
(100%) that could be supported by that branching structure assuming the tree was in full
health, and (c) calculating the amount of existing foliage (%) relative to the carrying
capacity of that tree. Throughout the study, all assessments of foliage vigour were
undertaken by one observer (interval level of measurement) and measures were assigned to
one of the following categories:
0 = 0%
1 = 1-20%
2 = 21-40%
3 = 41-60%
4 = 61-80%
5 = 81-100%
2.2.6 Crown density assessment
In addition to the visual foliage vigour measure, a photographic technique was trialled to
measure quantitatively a tree’s crown density from a photograph. It was hypothesised that a
quantitative technique would be more sensitive to measuring change to a tree’s crown than
the foliar vigour index where a tree may need to increase or decrease its foliage vigour by
20% in order to move to a new category.
For each tree, a marker peg was placed in the ground at a position where a photo taken
vertically would capture a section of that tree’s crown. An assumption was made that this
selected area of crown was representative of the whole tree. The camera was placed within
the camera holder (Figure 2.1) and the locating pin protruding through the base plate was
positioned on the top-centre of the marker peg. The arrow on the camera holder was pointed
to the centre of the tree’s trunk and the bubble float used to maintain the camera in a
horizontal plane to obtain a vertical photograph. The camera lens was shaded by a person
holding a clipboard at the time of taking the photo to prevent sunlight glare on the image.
Photographs were taken in the morning before the sun was sufficiently elevated to appear in
the photographs (until approximately 11am) and only on cloudless days to ensure consistent
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sunlight conditions. The same camera and settings (Pentax Optio W20 camera, 7.0
megapixel image, highest image quality, 6.3mm focal length, focus manually set to infinity,
auto exposure and no flash), camera holder and photographer were used throughout the
study. The captured image was reviewed in the field and notes taken to ensure that only the
crown from the selected tree was analysed.

Figure 2.1. Camera holder and camera used to obtain vertical photographs of the tree crown.

2.2.7 Crown density image analysis
Each image was sequentially processed in four software programs to obtain a two
dimensional measure of crown density (%). This process is described below, however the
principle was to convert the background (sky) of the photograph to white and the tree crown
to black to permit the required calculation. The change in crown density (after score minus
before score) provides an indication of whether the tree had increased or decreased its
crown during the period between consecutive images. It is assumed that a decrease or
increase in crown density during the study period indicates a decrease or increase in tree
condition, respectively.
1. Microsoft Office Picture Manager (SP2 Microsoft Corporation 2003): Where necessary,
the image was cropped so as to contain a section of the selected tree’s crown against the
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blue sky. Where large areas of sky dominated a photograph, these were cropped to focus on
the tree crown. The inclusion of the trunk of the tree was inevitable in some photographs
and is justified on the basis that it is the change in crown density that is the important
measure being investigated. Colours were saturated to 100%. Midtones were adjusted to 100%, which had the effect of creating a more homogenous blue sky and minimised areas of
sunlight reflectance on the tree structures. Photographs were saved in .jpg format.
The ‘before’ and ‘after’ images for each tree were processed concurrently for step 1 to
ensure that the cropped area (where applicable) only included the selected tree (cropped
pixel areas were identical between images for the same tree). The first step also permitted an
assessment of limb fall that may influence the measures of crown density between times.
Trees were excluded from analysis where they had lost branches or where shading from
neighbouring trees prevented a section of that tree’s crown to be defined against the blue
sky. The number of photographs retained for analysis for each lake (of 150) was 146, 142
and 141 for Lakes Mournpall, Brockie and Yelwell, respectively.
2. Bulk Colour Editor (v1.1; Peter Bone, 2005): Pilot trials revealed that two separate colour
conversions were typically required to convert the blue sky to white. Colours with the
red/green/blue values of 10/10/250 and 120/140/250 were converted to 255/255/255 (white)
with the colour tolerance (determines the range of neighbouring colours to be converted) set
to 125 mouse clicks to the right. In the majority of cases these conversions resulted in all of
the blue sky (background) being converted to white. In those cases where some blue sky
remained (typically very dark blue), these colours were individually selected and converted
to 255/255/255 at low tolerance. Photographs were visually checked before and after these
conversions to ensure that areas of crown were not altered. Photographs were saved in .jpg
format at 100% quality.
3. IrfanView (v3.99): Photographs were converted to greyscale (pixels range 0-255) and
saved in .bmp format.
4. Scion Image: For each image, threshold was set to 20 within the 1-254 range to maximise
the darkening of non-white pixels (crown) within the image without altering the white
background. The image was converted to binary (0=white or 255=black) and the mean pixel
score obtained. The mean pixel score / 255 *100 provides the % crown cover for that twodimensional image.
The effects of some of these steps upon the image are highlighted in Figure 2.2.
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A ( i)

B ( i)

A ( ii)

B ( ii)

A ( iii)

B ( iii)

Figure 2.2. Images of Tree # 53 at Lake Brockie (A) ‘before’ (10 Jan 07) and (B) ‘after’ (6 Aug
07) the lake received pumped water. The series of photographs are (i) original image, (ii)
cropped and color modified image following Step 1, and (iii) final black and white image following
Step 4. The crown density measures were 40.6% and 48.3% for the final before and after
images, respectively.

2.2.8 Statistical analyses
2.2.8.1 Foliage vigour

Changes in category between Lake Mournpall (treatment), Lake Brockie (treatment) and
Lake Yelwell (experimental control) before and after the intervention were analysed by
loglinear analysis (Agresti, 2002). Lake (3 levels: Mournpall, Brockie, Yelwell), Time
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(Before and After intervention) and Rating (4 levels: 1, 2, 3, 4&5 - hence, with the original
4 and 5 ratings pooled together to increase sample size, and rating 0 for dead/near dead trees
removed) were cross-tabulated into a three-way contingency table and a loglinear model
fitted. This was done hierarchically, starting with the saturated model (i.e. one with the
highest, three-way interaction) and evaluating all lower models consisting of combinations
of the possible two-way interactions of the individual terms themselves down to a model of
complete independence (i.e. no interactions between the terms). The final model was then
selected by an analysis of deviance, which was based on a combination of G2 goodness-offit statistic and Bayesian Information Criterion (BIC). A significant p value (α = 0.05) for
any model other than the saturated one would reject the null hypothesis of no influence of
dropping one or more (interaction) terms, hence the need to keep the higher-order model
including that term.
2.2.8.2 Crown density

Changes in percentage crown density (arcsin√transformed: Quinn and Keough, 2002)
between Lakes Mournpall, Brockie and Yelwell before and after the intervention (null in the
latter, which served as the experimental control) were analysed by a BACI-like design
(Downes et al., 2002). This was based canonically on a split-plot factorial design (SPF3,4·2: Kirk, 1995; Vilizzi, 2005) with Lake (Mournpall, Brockie, Yelwell) and Rating of the
‘before’ foliage vigour (1, 2, 3, 4&5, as above) as the between-block factors, and Time
(Before, After) as the within-block factor. All factors in the design were fixed. Given the
unequal sample sizes in each block (due to the exclusion of some images as previously
described), type III sum of squares (Milliken and Johnson, 1992) were used. Also, the three
additional variables DBH, Distance and Elevation were included as covariates in the design
because of their putative ‘nuisance’ effects (Kirk, 1995). A repeated measures ANOVA
(RM-ANOVA or ANOVAR: Scheiner and Gurevitch, 1993), with a posteriori Šidakadjusted pair-wise comparisons of the significant effects or interactions thereof (α = 0.05),
was then carried out in SPSS v15 for Windows. Notably, the assumption of sphericity in
presence of only two levels of the within-block factor is automatically satisfied (Kirk,
1995).

2.3 Results
2.3.1 Rainfall
Mean and median monthly rainfall at the Hattah Lakes for the 43-year period from 1964 to
2006 is presented in Figure 2.3. Monthly rainfall from October 2006 – September 2007 that
covers the study period is also shown. For the period of January 2007 to July 2007, above
average rainfall of 275mm was recorded at Hattah Lakes compared to the 1964-2006
average of 163mm. The months of January and April were 3.9 and 3.0 times wetter than
average, respectively.
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Figure 2.3. Monthly rainfall at Hattah Lakes (data courtesy of Parks Victoria): Mean (grey) and
median (black) monthly rainfall based on daily rainfall records from 1964-2006. Rainfall during
the study period shown as blue (Jan-Sep 2007) and yellow (Oct-Dec 2006).

2.3.2 River red gum distribution
The distributions of surveyed trees with distance from the water edge and elevation are
shown in Figure 2.4. Bubble sizes highlight the relatively recent recruitment of river red
gums on the lakebed itself (see Section 10) due to long period between lake flooding (see
Figure 1.2), with larger trees fringing the lakebed.
2.3.3 Foliage vigour
The foliage vigour of river red gum trees before and after the intervention (based on visual
assessments) are presented in Figure 2.5. The high frequency of trees with relatively low
foliage vigour indicates the degraded state of the majority of river red gums prior to the
watering. The frequency distributions of trees at different foliage vigour ratings were
reasonably similar at Lake Mournpall and Lake Brockie, but trees were considerably more
degraded at Lake Yelwell.
There was a general increase in foliage vigour between ‘before’ and ‘after’ sampling times
at both of the treatment sites (Lake Mournpall and Lake Brockie). A similar increase in
foliage vigour was observed at the experimental control Lake Yelwell (that did not receive
environmental water) (Figure 2.5).
At Lakes Mournpall and Brockie, there was a notable decrease in the frequency of trees in
1-20% category, with the greatest increase occurring in the 41-60% category. At Lake
Yelwell, the frequency of trees within the 1-20% category decreased and the greatest
increase occurred in the 21-40% category.
A saturated model including the (three-way) interaction between Time, Lake and Rating
was not rejected by loglinear analysis in favour of any lower-term models (G2 = 12.931,
df = 6, p = 0.044, BIC = − 27.368 for the all two-way interaction term model (i.e.
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Frequency = Constant + Time + Lake + Rating + Time × Lake + Time × Rating + Lake ×
Rating).
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Figure 2.4. Distribution of sampled river red gum trees along a distance from water (m) and
elevation from water level (m) gradient for (A) Lake Mournpall (treatment), (B) Lake Brockie
(treatment) and (C) Lake Yelwell (control). Bubble sizes represent diameter at breast height.
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Figure 2.5. Frequency distributions of foliage vigour (%) of river red gum trees at (A) Lake
Mournpall (treatment), (B) Lake Brockie (treatment) and (C) Lake Yelwell (control) before (white)
and after (black) the lakes received water.
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2.3.4 Crown density
There was a statistically significant interaction between Time, Lake and Rating in crown
density (%) in river red gum trees, and two of the three covariates - DBH and Distance significantly adjusted for the results. Given the significance of the highest (three-way)
interaction in the design, a posteriori pair-wise comparisons were carried out on the
resulting simple-simple-main effects for the former term in the design. The latter showed
significant increases in crown density at all categories at Lake Mournpall (treatment) and for
categories 1, 2 and 3 at Lake Brockie (treatment). At Lake Yelwell (experimental control) a
significant increase in crown density was recorded only for category 1 trees (Figure 2.6,
Table 2.3).
Specifically, the mean increase in crown density (i) at Lake Brockie was 3.4%, 5.7% and
5.2% for the foliar vigour categories 1, 2 and 3, respectively, (ii) at Lake Mournpall was
6.0%, 10.0%, 8.0% and 10.9% for categories 1, 2, 3 and 4&5, respectively, and (iii) at Lake
Yelwell was 5.6% for category 1.
The relationship between change in crown density, ‘before’ rating of individual trees and
distance from the water edge is presented in Figure 2.7. At all lakes, there is a general
increase in river red gum crown density between the ‘before’ and ‘after’ times. Based on the
‘before’ foliage vigour ratings, there is a gradient of tree condition with distance from water
edge (particularly for Lake Brockie and Lake Yelwell) with trees on the lakebed itself
having the highest foliage vigour (rating categories 4&5) with decreasing vigour with
distance from the water edge. At Lake Mournpall, trees appeared to respond relatively
consistently up to 120m from the lakebed. At Lake Brockie, the response appeared to
decrease beyond c. 50m from the lakebed, and at Lake Yelwell the response was lowest for
trees over 80m from the lakebed.
The trees of category 0 (no foliage; either dead or near dead) responded least between the
‘before’ and ‘after’ times using the crown density photographic technique. These trees can
potentially be viewed as reflecting the total ‘error’ associated with the photographic
technique (e.g. cropping of images, changed light conditions between times). Of the 35 trees
that were rated as having no foliage at the ‘before’ survey, 33 had no foliage at the time of
the ‘after’ survey. For these 33 trees, the change in crown density ranged from -3.8 to 4.5%.
The mean (± S.D.) change in crown density was 0.28 ± 2.0 %. These relatively small
changes in crown density provide reinforcement that the trialled photographic technique is
robust at detecting relatively small changes in crown density.
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Figure 2.6. Mean crown density (%) for river red gum trees at (A) Lake Mournpall (treatment),
(B) Lake Brockie (treatment) and (C) Lake Yelwell (control) before (white) and after (grey) the
inundation of the lakes. Trees are categorised based on the ‘before’ foliage vigour rating.
Asterisks highlight statistically significant differences.
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Table 2.3. ANOVAR results (based on a split-plot factorial design) for evaluating the
change in percentage crown density of river red gum trees at Lake Brockie
(treatment), Lake Mournpall (treatment) and Lake Yelwell (control) based on four
foliage vigour ratings before and after a watering intervention. DBH, Distance and
Elevation are ‘nuisance’ factors included as covariates in the design. Lake: Mournpall,
Brockie, Yelwell; Rating: 1, 2, 3, 4&5; Time: Before, After. Significant effects (α = 0.05)
in bold. A posteriori pair-wise comparisons for the significant three-way effect are
Šidak adjusted.

Source
Between block
Lake
Rating
Lake × Rating
DBH
Distance
Elevation
Error
Within block
Time
Time × Lake
Time × Rating
Time × Lake × Rating
Time × Mournpall at Rating 1
Time × Mournpall at Rating 2
Time × Mournpall at Rating 3
Time × Mournpall at Rating 4&5
Time × Brockie at Rating 1
Time × Brockie at Rating 2
Time × Brockie at Rating 3
Time × Brockie at Rating 4&5
Time × Yelwell at Rating 1
Time × Yelwell at Rating 2
Time × Yelwell at Rating 3
Time × Yelwell at Rating 4&5
Error(Time)

df

MS

F

p

2
3
6
1
1
1
379

0.138
0.203
0.064
0.268
0.068
0.001
0.014

9.903
14.516
4.614
19.218
4.872
0.004

< 0.001
< 0.001
< 0.001
< 0.001
0.028
0.948

1
2
3
6

0.001
0.028
0.001
0.009

0.500
20.214
0.536
6.491

0.480
< 0.001
0.658
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.072
< 0.001
0.135
0.197
0.800

379

0.014
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Figure 2.7. Change in crown density (%) with distance from the water edge for (A) Lake
Mournpall (treatment), (B) Lake Brockie (treatment) and (C) Lake Yelwell (control). Trees are
colour/shape coded based on their initial categorical tree condition rating as detailed in (B).
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2.4 Discussion
2.4.1 River red gum response to pumping
There was a significantly (both statistically and ecologically) greater increase in crown
density at Lake Mournpall and Lake Brockie (the treatment sites) compared to Lake Yelwell
(experimental control lake), and we attribute this difference to the pumped watering event.
Whilst the mean increase in crown density at these lakes was generally less than 10%, these
values are considered ecologically significant for several reasons. First, given the degraded
condition of most of the trees as shown from the foliage vigour assessments, any detected
recovery signals a reversal of the previous trends of declining condition. Second, the
increase has occurred within a relatively short (c. 6-month) period following the lakes
receiving water. Third, the crown density measure from the two-dimensional images will be
inherently lower than the actual response because (a) areas outside of the crown (i.e. sky)
are often included within the image and therefore reduce the measure of crown density and
(b) river red gum foliage is not necessarily expected to fill the crown outline to 100%.
The increase in crown density was evident for river red gum trees occurring a considerable
distance (i.e. >50m) from the water edge. This result was surprising as a clear distance
threshold was predicted. The finding suggests that the trees have extensive root systems that
extend laterally to the lakebed (lateral roots extending from river red gum trees are evident
on the lakebed itself) and/or they are vertically accessing groundwater that is being
recharged in response to the lake flooding. Many of the river red gums surrounding the
lakes are located on sandy lunettes where there is likely a high surface water–groundwater
hydraulic connectivity. This suggests that a lateral freshening or recharge of the shallow
groundwater zone for a considerable distance from the lakebed may be occurring at Hattah
Lakes. This is supported by another study that measured a freshening of groundwater for a
distance of over 40m from the water edge at Monomon Island on the Lower Murray River
in response to managed flooding (Holland et al., 2006). No groundwater data was available
at the Hattah Lakes to help verify potential groundwater changes.
2.4.2 Tree condition assessments
The visual foliage vigour assessment, where the trees were allocated to categories with a
20% range in foliage vigour, was unable to demonstrate a clear distinction between the
treatment and control sites for the c. 6-month period between the ‘before’ and ‘after’
sampling. The application of statistical tests was difficult due to the visual assessments
being within broad categories of 20%. In general, the foliage vigour index did mirror the
crown density results in a coarse manner, and demonstrated an overall improvement in tree
condition at all lakes including the control Lake Yelwell.
The foliage vigour index is expected to be most useful at detecting large changes in tree
condition in the medium and long term given the reasonably long time periods (i.e.
potentially years) required for a tree to increase crown condition and change 20%
categories. Declines in tree condition may potentially be detected over shorter time periods.
The index also has value in rapid appraisals and in ground truthing remote sensing imagery.
In this study, the foliage vigour index was superior to crown density in characterising tree
condition into meaningful categories based on levels of degradation. It also proved to be a
necessary measure to include within the crown density statistical analysis given the different
responses of trees within the different categories.
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In contrast, crown density was superior in providing a ratio level of measurement that
allowed a rigorous statistical analysis of river red gum response. The technique also
removed the subjectivity associated with visual methods (variability between and within
observers). The method was sensitive in detecting even small changes in crown density
when used to assess temporal changes in tree density. In some photographs it was observed
that sunlight reflectance caused some branches to convert to white in the final image rather
than black. It was found that this effect was minimised when decreasing the mid-tones of
the image and we accepted this relatively low level of variation as ‘noise’ associated with
the technique (in addition to variability associated with e.g. cropping and sunlight
differences). Importantly, measured increases and decreases in crown density were sensibly
reflected in the images (raw and processed) when the ‘before’ and ‘after’ images were
compared visually. In this study, therefore, both foliage vigour and crown density were
complementary in describing change in tree condition.
2.4.3 Rainfall
The increase in crown density and foliage vigour at Lake Yelwell (that did not receive
environmental water) can likely be attributed to above-average rainfall during the study
period. This rainfall was a positive event for all river red gum (and black box) trees within
the Hattah Lakes system, particularly those that have not received environmental water.
This rainfall resulted in some dry lakes (e.g. Nip Nip) holding surface water for several
weeks.
It is probable that the above average rainfall during the study period masked to some extent
the response of river red gum trees to the environmental watering events. If the rainfall was
sufficient to relieve environmental stress and promote crown growth at unwatered sites, then
the potential benefits from environmental watering may not be immediately apparent.
However, the significantly greater increase in crown density at the lakes receiving
environmental water indicates that rainfall alone was insufficient to provide all of the water
requirements of the river red gum trees over the study period.
2.4.4 Distribution of river red gums
The distribution of relatively young (small DBH) river red gums with relatively high foliage
vigour on the lakebed itself is a symptom of the very few flood events within the Hattah
Lakes in the recent past (see Figure 1.2). Historically, river red gums germinating on
lakebeds would have typically been drowned by subsequent flood events. Under the
prevailing flow regime, these river red gums, often present in high density and at distinct
elevation bands, have grown sufficiently to have avoided being completely submerged and
drowned from the pumping events.
The establishment of river red gums on the lakebeds of many of the Hattah Lakes has been
highlighted as a potential management problem and atypical of what has occurred at this
site. River red gum establishment on the lakebeds has occurred historically at the Hattah
Lakes (Andy Wise, pers. comm.), as evidenced by the presence of tree stumps on some
lakebeds. However, the bands of river red gums on many of the lakebeds today are
widespread. These river red gums will die if their base remains inundated for an extended
period, although the time required for this is unclear given the age of the trees and may be
over four years for mature trees (see Roberts and Marston, 2000 cum bibl.).
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The occurrence of river red gums on the lakebed is not without its ecological benefits. These
trees are providing aquatic structural habitat on lakebeds that are typically devoid of large
woody debris. This structural habitat benefits many species including macroinvertebrates
(Section 5) and fish (Section 4), whilst also providing feeding and nesting habitat for some
bird species.
An important question is whether there are species that are being disadvantaged by the
occurrence of river red gum on the lakebed. For example, some bird species may rely on
shallow open water areas for feeding and a lake may be inappropriate habitat when the
water edge is located within or near the bands of river red gum. An important management
strategy may be to ensure that there is a mosaic of habitat available across the Hattah Lakes
system at a particular time (e.g. Souter, 1996).
2.4.5 Validity of findings to other lakes at Hattah
The finding of a greater increase in tree condition at Lake Mournpall and Lake Brockie from
the environmental watering relative to the experimental control Lake Yelwell is likely to
apply to other lakes within the Hattah Lakes system. Seven other lakes, plus Chalka Ck,
have received pumped water since April 2005 in a manner similar to the lakes of this study.
New crown growth was measured in river red gum at Chalka Ck in response to these earlier
pumped events (Scholz et al., 2006) in addition to there being general observations of
improved tree condition in this and previous pumping events (e.g. Mallee CMA media
release, 4 October 2006). Furthermore, Lakes Mournpall and Lake Brockie are not
physically dissimilar to the other lakes of the system, increasing the probability that the
results of this study are reflective of changes at other lakes that have received environmental
water.
2.4.6 Future work
Intervention Monitoring will continue at the Hattah Lakes in 2007-08, and includes a
continuation of the river red gum study. It is hypothesised that the pumped water will
continue to deliver environmental benefits to the ‘above waterline’ river red gum trees at
Lake Mournpall and Lake Brockie, where trees will thereby continue to increase in
condition over the coming year. In contrast, it is hypothesised that the oncoming summer
will result in a decrease in tree condition at Lake Yelwell, assuming that it does not receive
pumped water, floodwater or significant rainfall.
It is hypothesised that lakebed trees that remain inundated will maintain or decrease in
condition over the coming year. However, the continued drying of the lakes over the coming
summer will result in most river red gum trees no longer being inundated. Seasonal flooding
in 2007 has not occurred and at the time of writing is unlikely to occur given the low
inflows into the storages of the Murray River. Additional pumping of environmental water
into the Hattah Lakes in the near future has also not been announced. It is therefore
hypothesised that lakebed trees that are not inundated will maintain or improve their
condition on the lakebeds.
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3. Water Quality
3.1 Introduction
3.1.1 Background
Water quality is a critical factor for the establishment and maintenance of diverse aquatic
communities of macrophytes, macroinvertebrates and fish. This section (i) identifies water
quality measures that are important for lake systems and the rationale for monitoring them,
(ii) summarizes existing information on water quality in the Hattah Lakes system, (iii)
draws on background literature to predict the likely temporal changes in water quality and
(iv) outlines potential threats to water quality that may prevent biological objectives from
being achieved.
3.1.1.1 Rationale for water quality sampling

A summary of the variables used to assess water quality, and the rationale for their
measurement, is provided in Table 3.1.
Table 3.1. Variables used to assess water quality.
Group

Parameters

Rationale for measurement

Dissolved oxygen (DO),
temperature, electrical
conductivity (EC)

Identifies whether a lake is stratified. Stratification can
deplete DO in the hypolimnion, leading to the release of
phosphorus and metals from the sediment.

Light

Measures euphotic depth (the depth at which
photosynthesis is energetically profitable). Important
for macrophyte establishment and survival.

Standard
physiochemical
measures
(instantaneous
and data
logged)

DO, pH, EC, alkalinity,
temperature, turbidity

Extremes in DO, pH, temperature or high levels of
salinity or turbidity can directly or indirectly kill certain
plants, fish, and invertebrates, depending on their
tolerance and exposure time at these extreme levels.
Spot measurements (to provide ambient conditions
during sampling events) as well as logged
measurements over time (which measure diel
fluctuations, and thus extremes) are essential.

Other
physicochemical
measures

Major ions

Concentrations of these ions (Cl-, K+, S2-, Mg2+, Ca2+,
Na+) are important for the metabolism of many aquatic
organisms. In high concentrations some of these may be
toxic to aquatic organisms.

Total suspended solids
(TSS)

Measures organic and inorganic colloidal material in the
water column, which may affect aquatic life through
smothering, abrasion and reduced light levels.

Total phosphorus (TP),
total Kjeldahl

Dissolved nutrient fractions include FRP DIN and NOx,
which are the forms most directly available to bacteria
and phytoplankton. TP and TKN represent total pool of
nitrogen and phosphorus, including biologically
unavailable constituents (e.g. contained in particulate
organic matter or sediment).

Depth Profiles

Nutrients

nitrogen (TKN), filtered
reactive phosphorus
(FRP),
dissolved inorganic
nitrogen (DIN), NOx
(nitrate and nitrite).
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Carbon

Total organic carbon
(TOC), dissolved
organic carbon (DOC).

TOC and DOC are important for bacterial growth and

Primary
production

Chlorophyll-a,

Algae are a vital food source of planktonic food webs in
lakes (e.g. for zooplankton). Concentrations of algal
cells indicate the long-term nutrient status of a lake and
may provide more precise information than infrequent
nutrient samples. Phytoplankton samples can identify
the presence of harmful species including some bluegreen algae. Chlorophyll-a provides an alternative
indication of the trophic status of a lake, by indicating
phytoplankton biomass rather than abundance.

Sediment
samples

% Carbon, TKN

Phytoplankton

Phosphorus

also play a role in keeping some heavy metals in
solution via complexation with organic material.

Sediment cores can be useful for identifying the relative
contribution of nutrients and organic material from
sediment and inflowing floodwaters. Organic content of
sediment can indicate the potential for sediment to draw
oxygen from overlying water.

3.1.1.2 Historical water quality in the Hattah Lakes

Between 1994 and 1997 (following a natural flood in 1996), the then Department of Natural
Resources and Environment (DNRE) undertook biological and water quality sampling to
develop time-share flooding strategies for the Hattah Lakes system, with a focus on
enhancing diversity and floodplain productivity in this system. Water quality data for some
key parameters were collected, analysed and related to fish and invertebrate communities.
Data consisted of instantaneous measurements of DO, EC, pH, and water temperature in
two to three key littoral habitats types per lake over eight sampling events from October
1994 until May 1997. Additionally, some one-off nutrient samples and secci depth
measurements (as an indication of PAR) were taken at five of the lakes in February 2005.
Table 3.1 summarises these data.
Table 3.1. Mean water quality in the Hattah Lakes from 1994-1997

Lake

No of
samples

Mean
EC @ 25 Mean Mean
Mean
Mean Mean Total Nitrate Nitrite
DO
(μS.cm-1) pH Water Turbidity Secchi Phosphate (mg.L-1) (mg.L-1)
(mg.L-1)
temp
(NTU)
(cm) (mg.L-1)
(oC)

Arawak

74

8.0

679

7.8

21.1

80.0

12.1

0.35

0.61

0.056

Bitterang

66

8.5

641

8.1

22.3

141.3

18.1

0.26

1.93

0.031

Hattah

80

7.8

561

7.9

23.1

74.6

10.5

0.41

2.03

0.059

Konardin

75

7.4

753

7.8

23.0

124.5

5.4

0.97

0.58

0.064

Kramen

65

9.6

422

7.9

23.8

40.0

71.8

0.1

2.45

0.003

Mournpall

79

8.7

412

7.8

19.4

94.8

13.0

0.59

3.4

0.012

Lockie

15

6.7

336

7.2

18.3

126.5

-

-

-

-

Marramook

12

6.3

644

7.0

19.7

83.9

-

-

-

-

Nip nip

15

6.7

1121

8.2

20.6

29.3

-

-

-

-

Tullamook

15

6.1

902

7.6

19.7

33.4

-

-

-

-

Source: Data provided by Nick Souter (Department of Water, Land and Biodiversity Conservation)
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Scholz et al. (2006) monitored the water quality of Chalka Creek, Lake Lockie and Lake
Little Hattah one month after the first pumping had ceased in January 2006. Table 3.2
summarises the results of this monitoring. Their report described significant increases in EC
and turbidity in Chalka Creek moving downstream from Messenger’s Weir (the entry point
for water pumped from the Murray R.). Blue-green algal blooms were observed in the lower
end of Chalka Ck and Lake Lockie, attributed to high temperatures (29.6 - 32.7 degrees),
stagnant water, and nutrient release from sediment. Algal growth caused elevation in peak
DO concentrations compared to lakes without algal blooms, which had quite low
concentrations (1.8 – 3.7 mg.L-1). Of note, measured pH values were markedly higher
during 2006 (averages ranging between 11.5 and 12.9), than in the 1994 - 97 period
(following a natural flood), where most lakes had a near neutral pH (Table 3.1). These very
highly alkaline pH values were attributed to leaching of hydroxyl groups but the sources of
such groups were not specified.
Table 3.2. Mean and standard error of water quality measures at Hattah Lakes sites in
2006 from Scholz et al. (2006).

Parameter

Chalka Creek

Lake Lockie

Lake Little Hattah

Mean

SE

Mean

SE

Mean

SE

EC@ 25oC (µs.cm-1)

174.6

12.0

253.0

2.1

360.8

1.8

Turbidity (NTU)

150.6

93.8

145.0

13.3

21.4

0.9

Temperature (ºC)

27.7

1.0

31.2

0.7

26.6

0.8

DO (mg.L )

4.38

1.37

9.87

0.6

3.33

0.27

pH

12.90

0.20

12.13

0.08

11.53

0.18

-1

3.1.1.3 Expected water quality changes from inundation to drying

There are four major factors that affect changes in water quality from filling to drying.
These are: sediment properties, type of drawdown, severity of drying and conditions of
refilling (Boulton and Brock, 1999; Scholz et al., 2002). Despite variations due to these
factors, some generalized changes can be predicted as a lake fills and dries. Initially, it is
expected that DO concentrations and turbidity can be high due to turbulence created by
water entering the system. DO rapidly drops as organic litter breaks down consuming
oxygen. Wetted sediments are then likely to release nutrients causing a brief peak in
macronutrients, although this not always the case, and sediments can sometimes act as
nutrient sinks instead of sources due to complex biogeochemical processes (Scholz et al.,
2002). The pH is expected to initially decrease as organic matter breaks down and forms
organic acids (Howitt et al., 2004). For example, Howitt et al. (2004) recorded pH values of
4 - 5 after immersion of river red gum leaves under laboratory conditions. Conductivity
trends are largely dependent on the aforementioned factors and will vary from lake to lake,
particularly depending upon the source and condition of inundation.
Once the lake is full, water quality is likely to vary daily and seasonally (Boulton and
Brock, 1999). A multitude of factors can influence such changes including wind action and
mixing, lake fertility, algal boom and bust cycles, macrophyte development, rainfall-runoff
events, groundwater contributions and bioturbation (e.g. from common carp). In particular,
DO, pH, and alkalinity will fluctuate daily if substantial macrophyte beds or algal mats are
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present, due to photosynthetic activity during the day increasing oxygen levels and
potentially increasing the pH.
More predictable changes can be expected in the drying phase. Dissolved oxygen gradually
declines as plants, algae and animals decompose, and this is exacerbated with increasing
lake temperatures due to diminished water volume (Boulton and Brock, 1999). Evaporation
concentrates ions and causes salinity to rise. While one may expect nutrient levels to
increase through evaporative concentration, a study on the Menindee Lakes system in NSW
showed that this does not always occur. Scholz et al. (2002) demonstrated that while total
nitrogen and phosphorus increased with drying, NOx and FRP declined.
Turbidity is expected to be variable throughout the filling to drying cycle, primarily due to
rainfall-runoff events, wind and macrophyte development. Water clarity will also vary
depending on the presence of dissolved polyphenols arising from dissolving organic matter,
which can colour the water. Serrano (1994) found that ponds with macrophytes experienced
a reduction in polyphenols upon drying, whereas unvegetated ponds saw an increase in
polyphenol concentrations.
3.1.1.4 Potential water quality threats to the Hattah Lakes
High turbidity

High turbidity levels can pose a threat to aquatic organisms directly, through abrasion or
smothering, and indirectly through reduced euphotic depths and water clarity, affecting
feeding efficiency. Turbidity is initially dependent on the quality and turbulence of
inflowing water and sediment type. Once filled, bioturbation, wave action, and rainfallrunoff events will additionally affect turbidity levels. Thus, areas with potentially high
turbidity will be those with clay substrates, unsheltered shorelines and with large fetches
increasing potential wave action. Lakes invaded with common carp will be more susceptible
to bioturbation. Historic data shows that turbidity for some lakes is in the order of 80-100
NTU, which may reduce the establishment or survival of some biota.
Blackwater events

When stands of leaf litter accumulate during prolonged dry phases, their breakdown upon
re-wetting can cause backwater events. If excessive organic matter is present there is initial
depletion of oxygen from the water column. Low dissolved oxygen may limit the
establishment of macroinvertebrate and zooplankton communities either by killing those
entering with riverine water, or by preventing emergence from sediment, and provide
unsuitable conditions for the establishment of fish and other aquatic organisms. Blackwater
events are most likely to occur in lakes with a long period since the last flood event, and at
times when water temperature is high.
Algal blooms

Algal blooms probably pose the greatest threat to water quality in the Hattah Lakes system,
following pumping and ponding. It is important to note that algal growth is a natural feature
of boom-bust lake ecosystems. However, excessive algal growth can cause large
fluctuations in DO, elevated pH and be toxic to some aquatic organisms. The presence of
blue-green species has been observed in past studies, although they have not been
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quantified. Relatively high concentrations of dissolved nutrients were monitored by DNRE
between 1994-97 (e.g. nitrate concentrations >2mg.L-1 and phosphate concentrations
>0.5mg.L-1) suggesting that there is potential for algal blooms to occur due to the pumping
activities.
Elevated pH

Elevated pH has been previously observed in the Hattah Lakes system following inundation,
and thus may pose a threat to newly filled lakes. In particular, high pH (especially in
concurrence with high silica concentrations) can result in substantial phosphorus
mobilisation from the sediment (Vahala et al., 2001; Christophoros and Konstantinos,
2006). Additionally, extremes in pH can affect the health of aquatic biota (e.g. damage to
skin, eyes and gills of fish).
3.1.2 Objectives
The primary objectives of the water quality monitoring was to:
• Assess temporal changes in water quality at lakes that have recently filled and those that

have been filled for over a year, and
• Identify any water quality issues likely to pose a risk to the development of suitable

conditions for invertebrates, plants and fish, and form management recommendations to
ameliorate these if required.

3.2 Methods
3.2.1 Sampling overview
Water quality sampling was undertaken to correspond with macroinvertebrate, zooplankton
and fish survey events. Up to four sites were sampled around each lake, depending on the
lake size. Sites were approximately evenly spaced around the lake. Three sites on Chalka
Creek were sampled: site 1 – at Messengers weir near the Murray River confluence, site 2 –
halfway up Chalka Creek track and site 3 – at Stockyard track. The sampling program is
outlined in Table 3.3. Additionally, basic water quality parameters and water depth were
measured monthly from September 2006 until September 2007 at all lakes, to gauge
changes for newly filled lakes as inflows occurred, and seasonal changes for the long-filled
lakes.
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Table 3.3. Water quality sampling program for selected Hattah Lakes and Chalka
Creek.
Waterbody
Arawak (recently filled)

December 2006 February 2007
X

Brockie (recently filled)
Bulla (recently filled)

X

Chalka Creek (long-filled)

X

Little Hattah (long-filled)

X

Lockie (long-filled)
Mournpall (recently filled)

X

X

X

X
X

X

X

X

X

X

X

X

X

Nip Nip (rain filled)
Yerang (long-filled)

May 2007

X
X

Unnamed ephemeral wetland (rain filled)

X

X

X

A number of water quality parameters were sampled at the lake centre and edge (Table 3.4).
In the centre, in situ physicochemical measurements and PAR were taken as a depth profile
at 50 cm intervals from the surface. In February and May 2007, temperature, DO and pH
were also logged for a 24 hr period at 20-minute intervals at selected lakes in the edge
habitat.
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Table 3.4. Water quality parameters sampled at lake edge and centres.
Parameter

Physicochemical

Nutrients

Lake centre

Lake edge site
A

Other edge
sites

DO

x (depth profile)

x

x

EC

x (depth profile)

x

x

pH

x (depth profile)

x

x

Turbidity

x (depth profile)

x

x

Temperature

x (depth profile)

x

x

Alkalinity

x (depth profile)

x

x

TP

x

x

TKN

x

x

NOx

x

x

FRP

x

x

DIN

x

x

Algal Count

x

x

Primary production Chlorophyll α
PAR

Sediment

Other

x
x (depth profile)

% Carbon

x

x

TKN

x

x

Phosphorus

x

x

Colour†

x

DOC

x

TOC

x

Suspended solids

x

Total silica*

x

Filtered silica*

x

Major ions

x

†

Sampled in February and May only
* Sampled in December only

3.2.2 Sampling methods
Water levels were estimated (in metres above sea level AHD) by taking several water edge
GPS readings on one occasion and linking these to the DEM of the Hattah Lakes to obtain
an average water level at a particular lake for that date. This was then used as a basis to
measure water level changes, using gauge measurements taken at monthly intervals.
DO, EC, pH, and temperature were sampled immediately below the surface at edge sites
coinciding with biological sampling as well as for the monthly sampling, and at 50cm
intervals for the depth profile in the lake centre, using a YSI 556 multi-probe®. These
parameters were also logged overnight at selected lakes using a Hydro-lab sonde.
Alkalinity and turbidity samples were taken immediately below the surface and analysed
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using Hach test kit® (model AL-AP) and Hach 2100-p turbidimeter®. Samples were
collected for colour, suspended solids, major ions and silica in the lake centre, and later
analysed by Ecowise using standard methods.
Nutrients samples (TP, FRP, NOx, TKN and DIN) were immediately frozen and later
analysed also by Ecowise. TOC and DOC samples were preserved using sulfuric acid, while
algal cell count samples were preserved in Lugols solution. Chlorophyll-a was measured at
the surface using a chlorophyll meter (Kincrome aquaflour ®). PAR was measured in a
depth profile 50cm intervals in the lake centre using a light meter.
Sediment cores were taken in the lake centre and at one edge site in November 2006 only.
They were later analysed by Ecowise for phosphorus (using optical emission spectroscopy
for cations), TKN and % ash.
3.2.3 Data analysis
Physicochemical measures were averaged within each lake, to characterise conditions in
each lake for each sampling event. Monthly sampled DO and pH were partitioned in newly
filled lakes, and those filled for over one year and plotted over time. Data-logged pH and
DO were plotted as a time series to illustrate the extremes in diel fluctuations.
Species richness was calculated for algal samples and percentage of blue-green algae was
plotted for each sampling event. One-way ANOVAs were applied to the algal data to detect
differences between seasons. Algal cell counts and chlorophyll-a were correlated with
nutrient concentrations to determine whether any nutrients were limiting algal growth.
Relationships between sediment mineralogy and sediment nutrient concentrations were
explored with linear regression analysis.

3.3 Results
3.3.1 Changes in water level
Changes in water level of the eight lakes that received environmental water are shown in
Figure 3.1.
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Water level (approx. mAHD)
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Figure 3.1. Water level changes for inundated lakes from September 2006 to September 2007.

Most lakes experienced a drawdown of approximately 1m over the 11-12 month study
period. Water level in lakes on the southern arm (Hattah, Little Hattah, Arawak, Bulla)
slightly increased between November 2006 and January 2007 as Lake Brockie was filled.
By October 2007, Lake Little Hattah and the site on Chalka Creek had dried completely.
3.3.2 Physicochemical parameters
Measurements coinciding with biological sampling

Table 3.5 summarises some important physicochemical measures taken from lake centres
and three Chalka Creek sites. Silica, filtered silica, and contributions of major ions did not
show any discernable patterns between lakes or seasons and thus have not been presented.
EC and alkalinity values were generally low throughout the sampling (typically <300
uS.cm-1 and <200 mg.L-1 respectively).
During December, turbidity levels were consistently quite low. Levels in February were
higher and more variable across sites within a lake, particularly in Lakes Hattah and Lockie.
Similarly high turbidity levels were observed in Lakes Arawak and Lockie during May.
Surface dissolved oxygen levels were quite spatially variable within each lake. Levels were
generally high in most lakes during December, with Lake Arawak (recently filled) being a
notable exception (reaching an average daytime DO of 40.9% saturation). Concentrations
reached supersaturation during the day for many lakes during February, corresponding with
substantial increases in algal cell counts. DO was similarly high in May; however, notable
decreases in daytime DO were observed in Lakes Brockie and Mournpall. The deeper lakes
(Lakes Mournpall and Hattah) were stratified during all sampling events (indicated by
considerably lower DO at depth), while Lake Arawak was stratified during February only.
Oxyclines occurred just below 1m depths in each case.
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Table 3.5 Mean (and standard deviation) of physicochemical water quality measures at
each lake and Chalka Creek for each biological sampling event.
Lake
Arawak

Season

Alkalinity
-1
(mg.L )

EC
-1
(μS.cm )

December 133.3 (11.5) 278.3 (3.2)

DO%

DO% at
depth in
centre

pH

Temperature
(°C)

Turbidity
(NTU)

40.9 (9.5)

30.5

7.2 (0.1)

23.1 (0.3)

15.4 (2.1)

133 (12.1)

7

7.8 (0.1)

31.5 (2.1)

12.4 (3.1)

101.9 (49.5)

83.5

8.7 (0.7)

18.8 (1.2)

602.1 (1023)

78

8.1 (0.9)

24.4 (1.9)

57 (14.8)

40.8

7.5 (0.1)

16.8 (0.4)

99.6 (36.7)

53.5

7.3 (0.2)

22.4 (0.5)

13.1 (3.8)

-

8.9 (0.1)

18.2 (0)

28.4 (6.5)

66.4

8.6 (0.3)

25.5 (4.3)

15.9 (7.2)

Arawak

February

Arawak

May

Brockie

February

Brockie

May

171.7 (33.3)

Bulla

December

51.7 (5.8)

Bulla

May

100 (0)

Hattah

December

81.3 (6.3)

Hattah

February

86.3 (35.9)

238.3 (26)

210.5 (35.2)

93

10.3 (0.1)

26.5 (0.8)

771.5 (708)

Hattah

May

95 (10)

224.8 (5.9)

143.9 (9.3)

54.5

9.6 (0.1)

18.1 (0.6)

58.7 (16.7)

Chalka Ck 1

December

30

68

95.1

-

7.3

24.1

29.3

Chalka Ck 1

February

50

133

221.6

-

9.3

30.9

7.7

Chalka Ck 1

May

66.7

148

65.4

-

6.9

14.5

20

Chalka Ck 2

December

30

70

94.8

-

7.2

23.4

20

Chalka Ck 2

February

40

97

81.8

-

7.7

30.5

2.7

Chalka Ck 2

May

5.2

73

55.4

-

6.7

15.5

35

Chalka Ck 3

December

30

76

87.5

-

7.4

23.6

21

Chalka Ck 3

February

50

134

117.7

-

7.4

29

14.8

Chalka Ck 3

May

11.6

205

75.8

-

7.5

15.6

75

Little Hattah

December

35 (0)

111 (2.8)

137.9 (4.2)

110

9.3 (0.3)

22.9 (0.8)

30.1 (0.1)

Lockie

December

36.3 (2.5)

100.5 (15.5) 98.2 (20.2)

157

7.6 (1)

22.2 (2.7)

19.9 (7.5)

Lockie

February

53.8 (4.8)

176.3 (34.6) 218.1 (74.5)

135

9.8 (0.4)

31.8 (4.9)

97.2 (35.9)

Lockie

May

156.3 (28)

115.4

9.1 (0.3)

23.5 (0.6)

251.5 (62.6)

Mournpall

December

57.5 (8.7)

175.0 (19.7) 82.5 (54.1)

20.8

7.7 (0.7)

24.2 (3.4)

19 (4.2)

Mournpall

February

71.3 (2.5)

201.3 (10.7) 165.8 (15.1)

72.8

8.3 (0.6)

27.6 (1.6)

19.3 (5.2)

Mournpall

May

50.6 (20)

43.2

8.5 (0.4)

21 (5.7)

39.6 (30.6)

Nip Nip

February

180

275

92.6

-

7.4

24.6

174

Ephemeral wetland

February

75

123

54

-

6.8

23.7

18.3

Yerang

December

53.3 (40.7)

171 (69.3)

121.9 (55.6)

128.5

9 (0.7)

23.5 (5.8)

8.4 (3)

Yerang

February

53.3 (12.6) 180.7 (48.4) 101.7 (6.7)

142

8.2 (0.4)

27.2 (1.9)

58.3 (44.1)

Yerang

May

86.7 (30.6)

85.5

7.9 (0.9)

20.5 (5.6)

43.2 (22.9)

108.3 (10.4) 247.3 (15.3)
126.7 (30.6)

296 (15.4)

131.7 (14.4) 277.7 (14.4) 114.2 (55.1)
380.3 (16)

36 (24)

154.3 (28.9) 79.6 (17.8)
227.5 (3.5)

134.8 (5.5)

194.8 (22.4) 127.4 (27.2)

102.5 (20.2) 226.0 (8.2)

103.8 (11.1) 245.3 (9.2)

224.7 (29)

70.2 (40.7)
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Monthly measurements

Of the basic parameters measured on a monthly basis, only DO showed a discernable
pattern between newly filled and long-filled lakes (Figure 3.2). In particular, daytime DO
was lower for the newly filled lakes between September 2006 and December 2006,
particularly for Lakes Arawak and Mournpall (approximately 3 - 4 mg.L-1). In contrast, the
longer filled lakes had DO of 8-10mg.L-1 during this time. The period between January 07
and March 07 marked a time of high variability in DO for both lake types, coinciding with
algal blooms. Of note, the daytime DO between January 2007 and February 2007 in Lake
Yerang and Chalka Creek (both macrophyte dominated) were measured at quite low levels
(<3mg.L-1).
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Figure 3.2. Dissolved oxygen concentrations in (A) newly filled lakes and (B) lakes filled for over
one year between September 2006 and September 2007.
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Logger Data

Logger data showed that during February, diel DO fluctuations were quite large, with
saturation reaching nearly 250% by mid afternoon, and falling to around 100% by early
morning for Lakes Mournpall, Hattah and Lockie (Figure 3.3). Lake Yerang (dominated by
macrophytes) experienced a markedly lower minimum of approximately 20% saturation
recorded in the hours after midnight.
Changes in pH from slightly basic (typically 7 - 8) in December to more basic during
February (typically 8 - 10) mirrored changes to DO, again coinciding with lakes
experiencing large algal blooms (Lakes Hattah and Lockie) and Chalka Creek at Stockyard
Track. pH remained high for most lakes during May. Diel fluctuations in pH were greatest
in Lake Yerang during both February and May, corresponding with the largest fluctuations
in DO% at this time. pH in Lakes Hattah and Lockie were consistently high over a 24-hour
period in February (9.5-10.5), and similarly high for Lakes Hattah and Mournpall in May.
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Figure 3.3. Diel fluctuations of pH and DO (%) in selected lakes during February and May 2007.
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3.3.3 Primary productivity
Algal levels differed significantly between seasons when pooled across lakes (P<0.001),
with an obvious blue-green algal bloom occurring in many lakes during February and
intensifying in May. Large blooms were observed in Lakes Lockie and Hattah during
February and additionally in Lakes Brockie, Arawak and Bulla during May (Figure 3.4).
Visual changes in Lake Mournpall, from December 2006 to May 2007 are shown in Figure
3.5. The algal communities of Figure 3.5 were dominated by blue-green species (including
the toxigenic Anabaena circinalis and Microcystis sp.). Notwithstanding this dominance,
algal species richness was still quite high throughout the lake system (typically 20-30
species per sample). Parks Victoria has since monitored algal cell counts in Lakes Hattah
and Mournpall. Cell counts (particularly for Anabaena circinalis and Microcystis sp.) had
decreased appreciably by July 2007, and Anabaena circinalis was absent in Mournpall by
August 2007 (S. Southon, pers. comm.).
100000000
Dec centre

Algal cell count

10000000

Dec edge
Feb centre

1000000

Feb edge
May centre

100000

May edge
10000
1000
Lo

Ar

Ha

Li

Mo

Ye

Bu
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Figure 3.4. Algal cell counts for edge and centre zones of selected lakes during December,
February and May. Note the Y-axis is a logarithmic scale. Key to lakes: Lo – Lockie, Ar – Arawak,
Ha – Hattah, Li – Little Hattah, Mo – Mournpall, Ye – Yerang, Bu – Bulla, Br – Brockie, Ni – Nip
Nip (rain filled), Sh – unnamed ephemeral wetland (rain filled).

i

A

B

C

Figure 3.5. Algal levels at lake Mournpall in (A) December 2006, (B) February 2007 and (C) May
2007.
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Figure 3.6. Percentage of blue green algae in edge and centre samples of selected lakes during
December 2006, February 2007 and May 2007. Key to lakes: Lo – Lockie, Ar – Arawak, Ha –
Hattah, Li – Little Hattah, Mo – Mournpall, Ye – Yerang, Bu – Bulla, Br – Brockie, Ni – Nip Nip
(rain filled), Sh – unnamed ephemeral wetland (rain filled).

PAR levels in most lakes were reduced to 5- 30% compared with surface measurements at a
depth of 50cm during December 2006 (Figure 3.7). During February and May most lakes
were reduced to about 0-5% compared with surface measurements at a depth of 50cm
(Lakes Arawak and Yerang being exceptions). Lake Yerang (a shallow macrophyte
dominated lake) had at least 20% PAR at the lake bottom during all sampling periods.
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Figure 3.7. Depth profiles of photosynthetically active radiation (PAR) in lake centres during
December 2006, February 2007 and May 2007.

3.3.4 Nutrients
Nutrient levels were very high across most lakes during the sampling period (Figure 3.8).
Notably, Lake Arawak (recently filled) had very high dissolved and total levels of
phosphorus, and high available nitrogen during December 2007. Available phosphorus
remained lower throughout the sampling period for lakes with clay dominated substrate
(Lakes Little Hattah, Yerang and Lockie). No discernable relationship existed between
algal cell counts or chlorophyll-a with available fractions of nutrients (NOx, FRP or DIN).
Correlations between algae and available nutrients were very weak and not significant (all
R2<0.2, n=20) as were correlations between chlorophyll-a and available nutrients (all
R2<0.1, n=20), implying that algal growth is not being limited by available nutrients.
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Figure 3.8. Nutrient concentrations in the Hattah Lakes during December 2006, February 2007
and May 2007.

3.3.5 Carbon
Total organic carbon (TOC) and dissolved organic carbon (DOC) were at high levels
throughout the study period (Table 3.6). Both TOC and DOC significantly increased from
December 2006 to February 2007 and February 2007 to May 2007 (both P<0.001, n=18).
The watercolour was also generally stained (water is considered stained if true colour units
(TCU) is greater than about 30), with water being most heavily coloured in the newly filled
lakes (Lakes Brockie, Arawak and Mournpall).
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Table 3.6 Carbon and colour levels in the Hattah Lakes.

Lake

Arawak

Brockie
Bulla

Hattah

Little Hattah

Lockie

Mournpall

Yerang

Season

DOC

TOC
-1

Colour
-1

(mg C.L )

(mg C.L )

(TCU)

December

12

12

-

February

32

32

70

May

39

50

60

February

38

40

110

May

42

79

65

December

13

15

-

December

23

67

-

February

22

25

45

May

25

34

35

December

9

10

-

December

6

8

-

February

17

18

30

May

29

51

25

December

12

29

-

February

21

24

70

May

40

40

60

December

8

8

-

February

21

22

30

May

27

57

40

3.3.6 Sediment
Generally, lake centres were dominated by clay/silt and edges by sand. Lakes Yerang and
Lockie were exceptions, having a high clay/silt composition in the edge zone (Table 3.7).
The sediment total nitrogen content of Hattah and Mournpall lake centres was considerably
higher than other lakes. Sediment total phosphorus and organic matter content were
significantly positively correlated (P<0.05) with percentage of clay and silt in the substrate
(R2=0.46 and 0.64 respectively, both n=18).
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Table 3.7. Sediment nutrients and % organic content at lake centre and edge habitats.
TKN sed

Lake

Ash
(%)

(mg.kg-1)

Sed TP
(mg.kg-1)

% Sand

% Clay/Silt

Arawak centre

11

2000

280

12%

88%

Arawak edge

5

1900

78

71%

29%

Bulla centre

10

2700

210

13%

87%

Bulla edge

3

940

59

82%

18%

Hattah centre

13

4200

220

21%

79%

Hattah edge

5

730

60

77%

23%

Little Hattah centre

11

2800

230

17%

83%

Little Hattah Edge

7

1300

250

83%

17%

Lockie centre

6

1300

180

22%

78%

Lockie edge

4

940

110

58%

42%

Mournpall centre

12

4300

250

15%

85%

Mournpall edge

1

580

22

92%

8%

Yerang centre

8

1300

210

8%

92%

Yerang edge

8

1300

110

13%

87%

3.4 Discussion
3.4.1 Differences in water quality between natural flooding and pumping
Scholz et al. (2006) formulated a number of hypotheses relating to water quality differences
between artificial ‘pumped’ and natural ‘over-bank’ flood events (Table 3.8).
Table 3.8. Hypothesised differences in water quality based on mode of water delivery
(from Scholz et al., 2006).
System attributes

Post-inundation responses to mode of delivery
Pumped

Over-bank

Quality of inflows

Same as source water

Flood pulse associated with
elevated nutrient and suspended
solids loads

Wetland turbidity

Low

High

Primary production

Decreased algal: macrophyte
ratio

Increased algal: macrophyte ratio

Table 3.9 details the quality of the source water during the pumping events derived from
monthly measurements at the closest Murray River gauge site to the Hattah Lakes (Colignan
gauge). All pumping events occurred under non flood-pulse conditions. As hypothesised,
relatively clear, low nutrient water was delivered to the lakes. However, water pumped
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between September and December 2005 was more turbid and nutrient rich than for the other
pumping events, coinciding with higher spring flows at this time.
Table 3.9. Mean and standard deviation of physicochemical measures and nutrients
from Colignan gauge during the pumping periods.
Pumping period
Parameter

15/4/2005–
30/6/2005

15/9/20055/12/2005

20/3/200630/06/2006

12/9/20069/12/2006

Average

SD

Average

SD

Average

SD

Average

SD

NOx (mg.L-1)

0.014

0.003

0.049

0.037

0.013

0.011

0.018

0.015

EC (µS.cm-1)

129

12

112

7

99

12

89

19

Temperature (oC)

16.8

5.2

20.0

4.0

15.5

5.2

20.7

3.8

0.27

0.04

0.58

0.15

0.33

0.03

0.29

0.03

TP (mg.L )

0.029

0.012

0.070

0.022

0.028

0.010

0.022

0.013

Turbidity (NTU)

12.6

4.3

44.9

5.4

17.3

1.8

23.3

1.9

pH

7.3

0.4

7.4

0.2

7.2

0.4

7.0

0.2

-1

TKN (mg.L )
-1

Table 3.10 shows the nutrient levels of source water at the Colignan gauge during a natural
overbank flood in spring 1996 (turbidity data was unavailable at this time). While NOx and
TKN were slightly higher than that during the pumping events, total P was considerably
higher, supporting the hypothesis that natural floodwaters contain elevated nutrient levels
compared with the pumped water.
TP and TKN levels were considerably higher once the lakes had been filled, with means of
0.3mg.L-1 and 2.4mg.L-1 respectively across all lake samples. Turbidity levels in the lakes
during December 2007 (when phytoplankton levels were low) were typically 10-30 NTU,
which is comparable with the turbidity of inflowing Murray River water. This is likely
substantially lower than the expected turbidity during a natural flood event (Scholz et al.,
2006). Despite the low turbidity, and in contrast to the hypothesis for primary production, a
phytoplankton dominated system developed for all lakes except for Lake Yerang. This may
be due to high organic loads that built up on lakebeds following the extended dry period.
High organic loads caused some lakes to experience a brief period of low dissolved oxygen
following inundation, which may have impeded macrophyte development and thus allowed
a phytoplankton dominated system to develop.
Table 3.10. Mean and standard deviation of nutrient levels during a natural flood-pulse
at Colignan gauge, spring 1996.
NOx (mg.L-1)

TKN (mg.L-1)

TP (mg.L-1)

Mean

0.026

0.603

0.110

SD

0.014

0.428

0.010
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3.4.2 Water quality threats to achieving TLM biological objectives
This section focuses on water quality threats to achieving The Living Murray biological
objectives for the Hattah Lakes icon site. The main potential threats previously identified
were: high turbidity levels, blackwater events, algal blooms and elevated pH levels.
3.4.2.1 Turbidity

Relatively clear Murray River water (compared to natural floodwaters) was delivered to the
Hattah Lakes system. Disturbance of lakebed sediment during pumping was minimal, as
indicated by low mean turbidity levels (<20 NTU) in December for the newly filled lakes
(Arawak, Bulla and Mournpall). However, extensive algal blooms, particularly during
February and May, substantially increased turbidity levels at some sites (e.g. 1720 NTU at
Lake Hattah site C during February). As a result of the blanketing effect of the blooms and
staining of the water through polyphenols released via the breakdown of river red gum
leaves, PAR was reduced to 0-5% by a depth of 50cm for most lakes during February and
May. This may have ramifications for developing macrophyte communities. During the
study period, the euphotic zone may be too high in the lake profile to allow macrophyte
establishment and growth, particularly in deeper areas of the deeper lakes (e.g. Lakes
Mournpall and Hattah). The relationship between water quality and macrophytes
establishment will be further discussed in later sections of the report.
3.4.2.2 Blackwater events

Blackwater events were not largely evident as a result of the pumping in 2006/07. Of the
newly filled lakes, Lakes Bulla and Brockie had well oxygenated water in the first sampling
event following inundation (mean DO >75% saturation). Mean surface DO levels in Lake
Arawak were lower than other newly filled lakes in December 2006 (<50% saturation),
despite having similar TOC, DOC and sediment carbon levels as other newly filled lakes.
Monthly measurements revealed that both Lake Arawak and Lake Mournpall had quite low
DO (approximately 3mg.L-1) during spring, but had recovered by early summer, implying
that the low DO was a relatively short-lived phenomenon. The timing of the pumping,
which mainly coincided with cooler spring temperatures rather than summer, would have
decreased the risk of pronounced and extended blackwater events occurring. Given that DO
was only briefly low for two of the newly filled lakes, blackwater events did not overall
appear to be a major threat to the development of diverse aquatic ecosystems due to the
pumping and ponding. It is, however, of some concern for initial macrophyte establishment
in the two affected lakes.
3.4.2.3 Algal blooms

Favourable conditions, including high water temperatures, long day lengths and ample
available nutrients led to extensive blue-green algal blooms across the lakes in February and
May. In particular, Lakes Lockie, Hattah, Brockie and the edge sites on Lakes Bulla and
Arawak had extremely high algal cell counts (up to 21,000,000 cell units.mL-1), including
high counts of potentially toxic Anabaena circinalis and Microcystis sp. Nutrients did not
appear to be limiting algal growth. In fact, blooms may have fueled further nutrient release,
as elevated pH (caused by algal photosynthesis) is known to increase the mobilization of
phosphorus from the sediment into the water column (Vahala et al., 2001).

Hattah Lakes Intervention Monitoring 2006/07 - Final Report

43

Algal blooms caused large diel fluctuations in DO and pH levels due to photosynthesis
during the day and respiration at night. The largest fluctuations were observed in Lake
Yerang, where both extensive macrophyte and algal communities co-existed during
February and May. Blue-green algal presence led to stratification in the deeper lakes, where
DO concentrations in the epilimnion were supersaturated, while DO in the hypolimnion was
quite low (e.g. 7% saturation in Lake Arawak during February). Low dissolved oxygen near
the sediment can also contribute to the release of sediment-bound phosphorus.
High algal levels can be natural feature of eutrophic floodplain lakes. Given the
observations made by Scholz et al. (2006), and the results presented here, it is likely that
algal blooms will be a recurrent feature of the Hattah Lakes system. Seasonal patterns of
algal growth suggest that blooms begin around mid-summer and persist until late winter,
when decreased day-length and lower temperatures provide less favourable conditions for
algal growth. Potentially, DO levels will decrease as a result of algal communities breaking
down during this time, and it is suggested that future monitoring additionally incorporates
basic water quality surveys during the winter period. Overall, algal blooms are probably the
greatest water quality threat to achieving diverse aquatic ecosystems. In particular,
decreased light penetration due to algal smothering, combined with periodic low dissolved
oxygen levels in the hypolimnion, may be limiting macrophyte establishment and
development.
3.4.2.4 Elevated pH

Mean surface pH levels ranged from 6.9-10.3, depending largely on the presence of algal
blooms. This is considerably lower than results of 2005/06 monitoring, where mean values
ranged from 11.5-12.9 (Scholz et al., 2006). Reasons for these exceptionally high pH values
remain unclear. However, in light of lower pH levels observed during the current
monitoring, it is expected that pH will not limit the long-term ability to achieve
Environmental Management Plan objectives for the site for aquatic biota.
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4. Fish
4.1 Introduction
4.1.1 Background
The Hattah Lakes provide important floodplain habitat for fish, with the mosaic of lakes
ranging in size, depth and degree of permanence. Natural flooding of the Murray River
results in inflows into Chalka Creek that feeds the Hattah Lakes. This connectivity provides
an opportunity for fish movement to and from the floodplain where fish may take advantage
of the productivity pulse and favourable developmental conditions that typically follow
wetland inundation.
For the Hattah Lakes to be important at a system scale for fish, reflooding of the lakes is
critical before they dry sufficiently to lose their fish communities through predation or
declining water or habitat quality. Reconnection of the floodplain system with the river
channel allows for the movement of fish back into the Murray River and other wetland
systems within the Murray-Darling Basin.
The natural flooding of the Murray River would have provided near-annual reconnection of
the Hattah Lakes to the Murray River and opportunities for fish to migrate between the two
(see Figure 1.2). Following the flood of 1996, the Hattah Lakes system became isolated
from the river and dried completely whereby the fish community would have perished. The
flooding of some dry lakes in 2000 would have resulted in fish again becoming established
within the lakes, but an absence of overbank flooding resulted in the lakes again drying
without opportunities for fish to move back to the main channel.
The pumped water events since April 2005 were not anticipated to lead to the development
of a significant fish community within the Hattah Lakes; pumping was expected to prevent
access or damage the fish (adult and larvae) and eggs on their passage through the pump.
However, a fish community was detected following the initial pumping event and this had
developed into a larger and more abundant community over time (Scholz et al., 2006,
2007b). The series of pumping events has maintained the aquatic habitat for fish, although
many of these lakes are now individually isolated and water depth is decreasing. The
probability of seasonal flooding in 2007/08 is very low, and it is likely therefore that the fish
of many of these lakes will not survive the coming summer period as the lakes dry.
From an ecological perspective, the development of a significant fish community is
important in facilitating the transfer of energy to other organisms such as birds within the
food web. However, from a sustainable fish perspective, opportunities are required at some
points within the system for fish that develop within productive floodplain areas to move
back from the floodplain to the main channel so that they can become redistributed along
the main channel corridor. The Hattah Lakes have likely provided this function in the past
but this has not occurred over the past ten years.
Seasonal overbank flooding is the mechanism that provides for the reconnection of
floodplain areas with the main channel, and therefore the facilitation of fish movement to
and from floodplain areas. The storage and extraction of Murray River water upstream of
the Hattah Lakes has resulted in the mean discharge at Euston being c. 50% of natural
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(Maheshwari et al., 1993) and only a single flood event in the past ten years has exceeded
the 36,700 ML.d-1 threshold for inflows into the Hattah Lakes system. As highlighted in
Figure 1.2, modelled natural flow in the absence of river regulation and extraction indicates
that since the flood of 1996, the lakes would have received inflows in 1997, 1998, 1999,
2000, 2003, 2004 and 2005 despite the prolonged drought conditions.
4.1.2 Fish at Hattah Lakes
Details of the fish species previously recorded at the Hattah Lakes and their current
conservation status are provided in Table 4.1. Data is sourced from Souter (1996),
Puckridge et al. (1997), SKM (2004) and Scholz et al. (2006, 2007b).
Table 4.1 Fish previously recorded at Hattah Lakes
Common Name

Species name

Family

Source

Murray cod

Maccullochella peelii peelii

Percichthyidae

1, 4

Golden perch

Macquaria ambigua

Percichthyidae

1, 2, 4

Silver perch

Bidyanus bidyanus

Terapontidae

1, 4

L (CE)

Freshwater catfish

Tandanus tandanus

Plotosidae

4

L (Vu)

Crimson-spotted
rainbowfish

Melanotaenia fluviatilis

Melanotaeniidae

3

L

Bony herring

Nematalosa erebi

Clupeidae

1, 2, 3, 4

Retropinna semoni

Retropinnidae

1, 2, 3, 4

Carp gudgeon

Hypseleotris spp.

Eleotridae

1, 2, 3, 4

Flyspecked hardyhead

Craterocephalus
stercusmuscarum fulvus

Atherinidae

1

Murray hardyheadB

Craterocephalus fluviatilis

Atherinidae

3, 4

Flathead gudgeon

Philypnodon grandiceps

Eleotridae

1, 2, 3, 4

Flat-headed galaxias

Galaxias rostratus

Galaxiidae

4

Common carpC

Cyprinus carpio

Cyprinidae

2

Carassius auratus

Cyprinidae

1, 3

Eastern gambusia

Gambusia holbrooki

Poecilidae

2, 3

Redfin perchC

Perca fluviatilis

Percidae

2, 3

Brown trout

Salmo trutta

Salmonidae

5

Tench

Tinca tinca

Cyprinidae

5

Australian smelt
A

C

Goldfish

C

Vic. cons.
status
L (En)
(Vu)

L
L (En)

Source: 1=Scholz et al. (2006, 2007b); 2=Souter (1996); 3=Puckridge et al. (1997); 4=SKM (2004); 5=listed in
Scholz et al. (2007a) but source unclear.
Victorian conservation status: L=Listed within the Flora and Fauna Guarantee Act 1988 (Victoria), (xx) = status
in DSE (2003b) where Vu=Vulnerable, En=Endangered, CE=Critically endangered
A
Carp gudgeon refered here to Hypseleotris spp. Due to taxonomic uncertainty within the group (Bertozzi et al.,
2000).
B
Murray hardyhead is visually similar to the flyspecked hardyhead and has been considered by Scholz et al.
(2007a) to be a likely misidentification.
C
Exotic species
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4.1.3 Objectives
The primary objective of the fish monitoring was to:
• Characterise the fish community present within the floodplain lakes following the

pumping and ponding of water.
In addition, applicable hypotheses relating to The Living Murray Outcomes Evaluation
Framework (MDBC, 2006b) will be evaluated, as detailed in Table 4.2.
Table 4.2. Intervention monitoring (pumping) hypotheses for fish (McCarthy et al.,
2006b).
Hypothesis

Ecological
effect

Ranking

Physical and hydraulic habitat for native fish will be created through
pumping to retaining sites with refugia

+

24

Physical and hydraulic habitat for exotic fish will be created through
pumping to retaining sites with refugia

-

25

4.2 Methods
4.2.1 Sampling
Fish were sampled at seven wetlands of the Hattah Lakes system from 12-16 February 2007.
Three sites were sampled within each wetland (Figure 4.1). Sampling occurred at the same
sites and times as the EPA habitat assessments to allow more detailed investigations of the
habitat variables structuring the fish community within the Hattah Lakes system.
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Mournpall
Yerang

Chalka Ck

Lockie

Hattah

Brockie
Arawak

Figure 4.1. Lakes and sites (yellow circles) sampled for fish in the Hattah Lakes system.

Two large fyke nets and two small fyke nets were deployed overnight at depths of 0.4-0.8m
at each site. Nets were set at c. 0.8m depths where possible but this was dependent on
available water at the sites. Large fyke nets (30mm stretched mesh) had a single wing (8m x
0.65m) attached to the centre of the first of seven supporting hoops (Ø = 0.55m). Larval
fyke nets (<1mm stretched mesh) had dual wings (each 2.5m x 1.2m) with three supporting
hoops (Ø = 0.55m) in the main body of the net. A rigid plastic grid with square openings
(5cm x 5cm) was attached to the first support hoop to exclude large fish. The times of net
deployment and hauling were recorded for each net. All fish captured were identified to
species level (McDowell, 1996; Allen et al., 2002) (with the exception of Hypseleotris spp.;
see Bertozzi et al., 2000) and counted. The standard lengths (SL, mm) of the first 15
individuals of each species present in each small fyke net were measured. All fish from the
large nets were measured and weighed. Native fish were returned alive to the water at the
point of capture, while exotic fish were anaesthetised to Stage 4 (euthanasia) by submersion
in Benzocaine solution (100 mg.L-1) and buried as per ethics requirements.
For statistical comparisons, fish abundance was standardized to catch per unit effort (CPUE)
where defined effort was a 24h period.
4.2.2 Statistical analyses
Multivariate patterns in fish community composition across the seven lakes surveyed were
analysed following the approach recommended by Anderson and Willis (2003). This
combines (i) a robust unconstrained ordination with (ii) a rigorous statistical test of the
hypotheses, followed by (iii) an appropriate constrained analysis (by reference to the
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specific hypotheses being tested) along with (iv) characterisation of variables responsible
for the multivariate patterns.
A subset of the environmental variables recorded as part of the EPA habitat assessments
(Appendix 3) were used to examine the relationship between habitat and patterns of fish
abundance and distribution. The 21 environmental variables included in the analysis were
RRGtype, Distance, Depth, TURBIDITY, PH, COND25, TEMPERATURE, DO, ALK,
EDBARE, EDCLAYSILT, EDCPOM, EDFILAM, EDLOG, EDMACRO, EDROOTS,
EDSILT, EDTRAIL, RECPOM, RESLOM, EDOTHER. All but the first three variables are
defined in Appendix 3. ‘RRGtype’ is defined as where the nets were set relative to existing
lakebed river red gum, ‘Distance’ is the shortest distance by water of a site from the Murray
River at Messengers Crossing, and ‘Depth’ refers to the depth at which the nets were set.
Following appropriate transformation and selection of the resemblance measure, non-metric
multidimensional scaling (NMDS) was used as a robust unconstrained ordination method
separately on the fish and on the environmental data sets. The former was a 21 × 8 (sites ×
species) matrix, with three sites in each lake; the latter was a 21 × 21 matrix including the
environmental variables measured by EPA. Fish CPUE abundances were √-transformed,
after attempting a preliminary √√-transformation which however proved too ‘severe’.
Hellinger distance (Legendre and Gallagher, 2002) was then applied to the transformed
data. All computations were carried out using PRIMER 6.
Selection of the ‘best’ set of environmental variables responsible for the observed patterns
in fish assemblage variation across the lakes was done with procedure BEST (method
BVSTEP, due to the large number of variables) also in PRIMER 6. Accordingly, the whole
set of 21 (normalised) variables in the environmental matrix was subjected to random
selection (10 starting variables and 100 restarts), using the resemblance matrix of fish
Hellinger distances. The retained sub-set of environmental variables was one combining
higher correlation with parsimony (i.e. smaller number of variables).
One-way permutational multivariate analyses of variance (PERMANOVA: Anderson, 2005)
were carried out separately on the species and on the environmental matrix (limited to the
sub-set of variables retained by the BEST procedure above) to test the null hypotheses of no
difference in fish community and in abiotic composition among lakes, respectively. As for
MDS, analysis was on √-transformed Hellinger distances for fish (CPUE) abundances, and
on normalised Euclidean distances for the environmental variables, with 9999 permutations
(unrestricted on the raw data) followed by Bonferroni-adjusted pair-wise tests (at α =
0.05/7 = 0.007).
Finally, canonical correlation analysis of the principal coordinates (CAP: Anderson and
Willis, 2003) was employed as a constrained ordination method to relate fish community
composition in the lakes to the selected sub-set of environmental variables as well as to
identify both the species and the environmental variables responsible for the observed
patterns. For all models, choice of m (the number of principal coordinate axes to include in
the analysis) was automatic with 9999 permutations for the tests of significance (program
CAP: Anderson 2004b).
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4.3 Results
A total of 16,291 fish representing six native and two exotic fish species were sampled from
the seven surveyed wetlands (Table 4.3). The distribution of these fish across lakes is
presented in Figure 4.2. The length frequency distributions of the fish (pooled across
wetlands) are presented in Figure 4.3.
Small native fish species dominated the fish catch. Carp gudgeon Hypseleotris spp. was
particularly dominant, being the most abundant fish in all of the lakes sampled. The most
abundant exotic fish was goldfish, which was particularly abundant in Lake Hattah. Of
particular note, only one common carp was captured from all wetlands.

Lake
Mournpall

Lake
Hattah

Lake
Arawak

Lake
Brockie

1,175

625

2,535

1,682

2,047

3,757

1,993

13,814

239

65

-

-

366

914

48

1,632

-

361

13

32

12

-

-

418

103

51

101

7

5

17

1

285

Golden perch

3

-

-

1

3

-

-

7

Bony bream

-

2

-

-

-

-

-

2

12

32

1

-

81

1

5

132

-

-

1

-

-

-

-

1

1,532

1,136

2,651

1,722

2,514

4,689

2,047

16,291

5

6

5

4

6

4

4

Flyspecked hardyhead
Australian smelt
Flathead gudgeon

Goldfish
Common carp
Total
No. species
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Lake
Yerang

Carp gudgeon

Lake
Lockie

Species

Chalka
Creek

Table 4.3. Fish species and abundances at wetlands of the Hattah Lakes system
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Figure 4.2. Mean fish abundance (as catch per unit effort) at the sampled lakes of the Hattah Lakes
system. Grey and black shading represents lakes on the ‘northern’ and ‘southern’ arms, respectively.
Error bars = ± 1 S.E (n=3 sites per lake).
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Figure 4.3. Length-frequency distributions for fish sampled at the Hattah Lakes system. Data pooled
across seven wetlands for each species.
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4.3.1 Fish community composition
Multivariate analysis of fish community abundance and composition at the three sites within
each of seven wetlands showed the similarity of the fish communities within a particular lake
relative to other lakes (Figure 4.4A). Chalka Ck had a more heterogeneous fish community
between sites compared to the lakes. Lake Lockie was clearly segregated from the other
wetlands, with Lake Mournpall and Lake Yerang being separate from the remaining lakes in
the system.
The fish communities form two main trajectories based on the sequences of filling of the
lakes, commencing at Lake Lockie. The first involves the northern arm of lakes, where
inflows progress sequentially from Lake Lockie to Lake Yerang to Lake Mournpall. The
second trajectory stems from Lake Lockie to Lake Hattah to Lake Arawak to Lake Brockie.
Importantly, the fish communities of a particular lake appear to be similar to the fish
community present within the lake from which it was filled, which has ecological relevance
given the mode of filling.
4.3.2 Relationship between environmental variables and fish community
Out of the whole set of 21 environmental variables, only Depth, Turbidity and EDCLAYSILT
(percentage of lakebed edge area covered by clay/silt substrate; Appendix 3) were retained by
the stepwise selection process, resulting in a correlation of 0.377. In the NMDS plot for the
selected environmental variables (Figure 4.4B), Lake Lockie was clearly distinguishable from
the other lakes (as observed for the fish community data). However, Lake Mournpall and
Lake Yerang were not distinctly separated from the other lakes. Lake Hattah and Lake
Brockie were now separated from the remaining ‘cloud’ of points and showed similar
features.
Analysis by PERMANOVA (Table 4.4), based on fish community abundance and
composition, demonstrates there were differences between Lake Lockie and all the other
wetlands except for Chalka Ck, and between Lakes Mournpall and Yerang vs Lakes Arawak,
Brockie and Hattah. For the environmental variables, statistical differences were also detected
between lakes, but these findings were difficult to interpret in an ecological context.
As CAP plots resulted in similar arrangement of the study sites to NMDS, interpretation of
the axes can be based on Figure 4.4. Accordingly, the cumulative variance explained by the
first two axes of variation (out of the total m = 4 retained by the selection procedure) was
76.9%, with a total of 18/21 = 85.7% correct allocations of the sites to the groups (i.e. the
lakes), and association between fish community and environmental variables in the lakes was
statistically significant (p = 0.011). Specifically, along the first CAP axis of variation, Lake
Lockie again separated from the other lakes and this was explainable based on the higher
abundance of Australian smelt and the only record of bony bream therein. On the second axis,
Lakes Mournpall and Yerang were characterised by the absence of flyspecked hardyhead.
Based on the environmental variables, the segregation of Lake Lockie was due to its higher
turbidity and EDCLAYSILT values and shallow waters.
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Transform: Square root
Resemblance: D17 Hellinger distance
2D Stress: 0.09
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Figure 4.4. NMDS ordination for (A) fish and (B) three selected environmental variables (Depth,
Turbidity, EDCLAYSILT) in seven wetlands of the Hattah Lakes system. In (A), arrows highlight the
two trajectories based on the sequence of filling of the northern (green) and southern (red) arms
from Lake Lockie.
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Table 4.4. PERMANOVA results (based on a one-way design) for evaluating differences in
fish community (Hellinger √-transformed CPUE abundances) and environmental
(Euclidean normalised) composition among seven lakes in the Hattah Lakes system.
Significant effects (in bold) are at α = 0.05 for the main effects and Bonferroni-corrected
(α = 0.05/7 = 0.007) for a posteriori pair-wise comparisons.

Source
Fish
Lake
Arawak v Brockie
Arawak v Chalka
Arawak v Hattah
Arawak v Lockie
Arawak v Mournpall
Arawak v Yerang
Brockie v Chalka
Brockie v Hattah
Brockie v Lockie
Brockie v Mournpall
Brockie v Yerang
Chalka v Hattah
Chalka v Lockie
Chalka v Mournpall
Chalka v Yerang
Hattah v Lockie
Hattah v Mournpall
Hattah v Yerang
Lockie v Mournpall
Lockie v Yerang
Mournpall v Yerang
Residual
Environment
Lake
Arawak v Brockie
Arawak v Chalka
Arawak v Hattah
Arawak v Lockie
Arawak v Mournpall
Arawak v Yerang
Brockie v Chalka
Brockie v Hattah
Brockie v Lockie
Brockie v Mournpall
Brockie v Yerang
Chalka v Hattah
Chalka v Lockie
Chalka v Mournpall
Chalka v Yerang
Hattah v Lockie
Hattah v Mournpall
Hattah v Yerang
Lockie v Mournpall
Lockie v Yerang
Mournpall v Yerang
Residual

df

MS
6

p

0.412

14

0.039

6

0.412

14

0.039
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1.921
1.707
3.164
6.089
6.028
6.106
1.541
2.320
4.600
3.736
3.966
1.466
2.631
2.559
2.221
3.376
4.748
4.944
4.665
4.745
1.775

0.066
0.107
0.008
0.002
0.000
0.001
0.154
0.023
0.002
0.004
0.005
0.165
0.018
0.025
0.045
0.006
0.002
0.002
0.003
0.001
0.067

10.532
2.896
1.553
2.695
5.646
1.020
2.841
2.589
1.160
7.957
6.247
4.197
2.129
3.200
1.803
1.127
4.557
3.394
3.048
9.363
2.691
3.908

< 0.001
0.016
0.147
0.016
0.002
0.365
0.020
0.019
0.316
0.001
0.001
0.005
0.040
0.011
0.089
0.326
0.003
0.009
0.013
< 0.001
0.026
0.007
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4.4 Discussion
4.4.1 Pumping and fish passage
Pumping at the Hattah Lakes has resulted in the development of a significant fish community
within the lakes. This was not an expected outcome of the pumping intervention because the
lakes were dry prior to the first pumping event in April 2005 and pumps were expected to (a)
block the passage of larger fish and (b) likely kill or injure small fish or fish larvae (and
potentially fish eggs) on their passage through the pump (MDBC, 2006b). These pumping
events clearly show that at least some of the small fish and/or larvae are surviving their
passage through the pumps and, with time, are growing to sufficient size to be sampled in
fyke nets within the Hattah Lakes.
A survey of fish in Chalka Creek on 8 September 2005 following the cessation of the first
pumping event captured only a single carp gudgeon (Scholz et al., 2006). A survey within
Chalka Ck, Lake Yerang and Lake Little Hattah on 17 January 2006 following the cessation
of the second pumping event sampled 551 individual fish from nine species (Scholz et al.,
2006; see Table 4.1). A further survey of eight wetlands in November 2006, towards the end
of the fourth pumping event, sampled 6,980 individual fish from six species (Scholz et al.,
2007b). These findings, along with those of this study at seven wetlands in February 2007,
demonstrate that the lakes are providing important habitat to support the development of a
significant fish community.
4.4.2 Pumping as a ‘filter’ upon the fish community
The absence of the exotic gambusia and near absence of common carp from the Hattah Lakes
has been a positive ecological outcome of the pumping events. It also demonstrates that the
pumping is acting as a filter upon the fish community. Gambusia and common carp have
occurred within the Hattah Lakes in the recent past (Puckridge et al., 1997; Souter, 1996) and
are present (and typically abundant) within the region more generally (e.g. Ho et al., 2004).
Some of the reasons that are speculated upon to explain the selection of fish species through
pumping include:
•
•
•
•
•

The offtake points of the pumps may be at a depth in the river that selects for
particular species (gambusia are typically found near the water surface, for example)
The habitat from where the water is being pumped may not normally support equally
the fish species of the area
Some fish species may avoid the noise/vibrations occurring near the offtake point
Fish may have different tolerances to survive passage through the pump, such as
tolerance to pump pressure
Small size classes or larvae of some fish may not be present within the river at the
time of pumping

Clearly, these points remain speculative and may serve as useful hypotheses to test with
future research. This is particularly important at Hattah Lakes where pumping is considered a
long-term management option to achieve more natural frequencies of flooding within the
lakes system (e.g. MDBC, 2006a).
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The outcome of the pumping has been beneficial to the ecology of the Hattah Lakes,
particularly given the exclusion of the exotic gambusia and near-exclusion of common carp.
Another exotic species potentially expected but not sampled within the Hattah Lakes is redfin.
However, it is unclear whether a regional decline of this species may account for it not being
sampled in the system. Goldfish was the most abundant exotic fish (n=132), and was
considerably more abundant in this survey (February 2007) than in November 2006 when
only two individuals were sampled (Scholz et al., 2007b).
Whilst pumping has restricted the establishment of some exotic species in the Hattah Lakes, it
might also have excluded native species. Freshwater catfish, for example, have not been
sampled in this or the previous (Scholz et al., 2006, 2007b) studies since pumping
commenced. However, this species is now considered rare in the region and may explain it
not being sampled within the Hattah Lakes. Other native species that occur in reasonable
numbers within the Murray River (Murray cod, silver perch, bony herring, crimson-spotted
rainbowfish) were either not sampled in the current or previous studies since pumping
commenced (Scholz et al., 2006, 2007b) or were present in low numbers. It remains unclear
whether pumping is necessarily excluding these species or whether they are occurring in low
abundance in the river. It is possible that these species are present in the lakes but were not
sampled due to (a) low abundance or (b) utilisation of habitat different to the littoral habitat
targeted with the netting methods. In any case, determining the direct effects of pumping upon
the selection of fish remains a topic worthy of future research given the likely necessity of
pumping as a management intervention at Hattah Lakes in the future.
4.4.3 Wetland fish communities
This study has demonstrated that different fish communities have developed within the
different wetlands sampled of the Hattah Lakes system. This is not an unexpected finding
given the different habitats and flooding history of the various lakes. The ordination of the
fish community indicates two trajectories based on sequences of lakes to the north and south
of Lake Lockie. The similarity of the fish communities between geographically close sites
suggests that the fish community of a particular lake is being determined by the fish
community of the lake from which it received inflows. This is a logical proposition because
the fish community in an initially-dry lake must be seeded from the inflows.
Flyspecked hardyhead was the one fish species to display a clear fidelity to a particular
geographical arm, being absent from the northern arm lakes of Yerang and Mournpall but
relatively abundant in all other wetlands.
The environmental variables of depth, turbidity and EDCLAYSILT were retained as best
explaining the fish community data. These variables are correlated ecologically whereby
decreasing depth typically results in higher lake turbidity due to wind and wave resuspension
of sediment. This is further exacerbated when the sediment contains a high clay and silt
content. The overall correlation of these three variables was relatively modest (0.377)
although statistically significant (p=0.011) indicating that water column turbidity was
important in structuring the fish community within the Hattah Lakes.
4.4.4 Fish breeding and growth
The increase in fish numbers within the Hattah Lakes over time indicates that the lakes are
providing appropriate habitat for the development of fish communities. It remains possible
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that the increase in abundance of some species is not due to them breeding and recruiting
within the lakes, but to their larvae surviving passage through the pumps and growing over
time to a sufficient size to be sampled. This scenario is possible for fish such as golden perch,
which were sampled only in the large fyke nets and were within a 200-300mm SL size range.
It remains unclear as to whether this species will spawn within a wetland system such as the
Hattah Lakes (Clayton Sharpe, pers. comm.).
The length-frequency distributions of the small-bodied native fish species such as carp
gudgeon, flathead gudgeon, Australian smelt and flyspecked hardyhead show the occurrence
of very small individuals, suggesting that breeding is occurring within the lakes. The breeding
of these species is expected as they are considered ‘River Murray Channel generalists’
(Australian smelt, flathead gudgeon, carp gudgeon) or ‘Wetland and low flow specialists
(carp gudgeon, hardyheads) (MDBC, 2006b), and would therefore be predicted to spawn and
take advantage of the productivity boom occurring following the flooding of dry wetlands.
There has been a clear increase in the growth of fish when compared to the November 2006
survey by Scholz et al. (2007b). The mode of each frequency distribution is greater in
February 2007 than November 2006 for all fish species sampled (where abundance >5
individuals), including: carp gudgeon (18mm v 30mm SL); Australian smelt (26mm v
34mm); flathead gudgeon (24mm v 45mm); golden perch (180mm v 270mm) (Scholz et al.,
2007b). These shifts in the frequency distributions over the three month interval between
surveys demonstrates the considerable rate of fish growth occurring within the lakes, thereby
inferring the quality of the lake habitat in supporting this growth.
4.4.5 Future work
A future comparison of the fish communities that developed from the pumping events with
those that develop from an overbank flood will help highlight differences between these
modes of water delivery upon fish, and permit the testing of the six fish hypotheses developed
for this comparison (Scholz et al., 2006).
An important window for future research will occur when next an overbank flood occurs at
Hattah Lakes (assuming that a fish community is still present in the Hattah Lakes system at
that time). It is hypothesised that when overbank flooding occurs, large bodied native fish
within the Hattah Lakes such as golden perch will move to the river channel following
reconnection, whilst common carp will move from the river into the Hattah Lakes. This
movement can be assessed using directional netting. In addition, an overbank flood will
provide an opportunity to monitor the resultant fish and macrophyte communities within the
Hattah Lakes to determine the changes occurring as a result of the different modes of water
delivery (see Scholz et al., 2006).
The Intervention Monitoring program for fish has been extended to 2007/08 and will continue
to monitor the fish communities of the Hattah Lakes. Given the low probability of inflows in
the near future (pumped or overbank), some of these lakes are expected to dry over the
coming summer (e.g. Lake Yerang, Lake Brockie). It is anticipated that birds will predate
upon the fish communities within these lakes as they contract, prior to the lakes drying
completely.
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5. Macroinvertebrates
5.1 Introduction
5.1.1 Background
Macroinvertebrates are commonly chosen as indicators of stream health (Wright et al. 1993;
Barbour et al, 1996) as they are an important component of freshwater ecosystems. They
occupy a range of ecological niches, are central to many ecosystem functions (e.g. carbon
processing and nutrient cycling) and are an important link in aquatic and terrestrial food webs
(Chessman, 1995; Reid and Brooks, 2000). Macroinvertebrates consume a diverse array of
food, including macrophytes, biofilm, detritus, phytoplankton, coarse and fine organic matter,
zooplankton and other macroinvertebrates. They also provide a primary food source for
higher taxa including fish, birds and amphibians. Macroinvertebrates are ubiquitous and
abundant in freshwater environments, and have been documented to respond to changes in
water quality (Parson and Norris, 1996; Yoder and Rankin, 1998) habitat complexity
(O’Connor, 1991) and hydrology (Petts et al., 1993; Suren and Jowett, 2006), making them
excellent candidates for bio-indicators.
The use of macroinvertebrates as indicators of wetland health is less widespread, although it
has been advocated (Davis et al, 1987) but is only occasionally used (White and Irvine, 2003;
Chessman et al, 2000; Davis et al, 1987). This section outlines:
•

•

The rationale for using macroinvertebrates as lake health indicators in semi-arid
systems such as the Hattah Lakes. This is achieved by:


Examining the macroinvertebrate assemblages previously collected from
the Hattah Lakes and other similar systems. This ascertains whether
macroinvertebrates are suitably abundant and diverse to have use as
indicators.



Determining whether macroinvertebrates will respond to the changes in
hydrological, environmental, and physico-chemical parameters within a
semi-arid lake system.



Deriving expectations for macroinvertebrate communities within the
Hattah Lakes system as hydrological, physical and chemical changes
occur.

The major threats to macroinvertebrate communities, as macroinvertebrates are
crucial for establishment of bird and fish communities, both listed as ecological
objectives for the Hattah Lakes system.

5.1.1.1 Diversity and abundance of macroinvertebrate assemblages

It is well recognised that lentic systems in the Murray Darling basin are species rich, and
often more so than in lotic environments in the basin (Reid and Brooks, 2000). Several
monitoring efforts in the Hattah Lakes and similar systems have included macroinvertebrate
surveys, which confirm this high richness. Puckridge et al. (1997) recorded 143 taxa in a
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macroinvertebrate survey of several lakes with the Hattah Lakes system. Boulton and Lloyd
(1991) recorded 5,384 individuals within 95 different species from the lower Murray River
and surrounding billabongs and floodplains.
Diversity and abundance of macroinvertebrates is unlikely to limit their usefulness as an
indicator of health in the Hattah Lakes system. However, macroinvertebrate diversity and
abundance must be able to be related to the ecological processes occurring to be useful
indicators.
5.1.1.2 Macroinvertebrates responsiveness in ephemeral lake systems

Puckridge et al. (1997) demonstrated that differences between the hydrology of the lakes and
differences between habitat types within lakes could be identified using macroinvertebrate
community structure. Boulton and Lloyd (1991) also suggest that macroinvertebrates of
floodplains and billabongs respond to varying water permanence, with the taxa found in
temporary billabongs distinct from the taxa found in more permanent waterbodies.
Invertebrate response to hydrological variation was also shown by Gawne and Scholz (2006).
Their study indicated that macroinvertebrates communities were related to flooding
frequency, and drying out time.
Timms (2001) hypothesized that lake permanence, turbidity, and salinity could all have major
influences on macroinvertebrate assemblages in ephemeral arid zone lakes. Several water
quality parameters, such as temperature, turbidity, conductivity and dissolved oxygen, were
shown to be correlated with the macroinvertebrate community structures at sites within the
Hattah Lakes and Poon Boon lakes (Souter et al., 2000). In many cases hydrology was
strongly linked to water quality, suggesting a relationship between hydrology and
macroinvertebrates also. Environmental parameters such as habitat type, macrophyte species
present and macrophyte extent have been related to the macroinvertebrate communities
present (Boulton and Lloyd, 1991; Souter et al. 2000).
Reid and Brooks (2000) note that the abundance and diversity of macroinvertebrates are
strongly influenced by the composition and extent of macrophyte communities, therefore
macroinvertebrate information could be made redundant by macrophyte surveys.
Consequently they only provisionally recommend macroinvertebrates as wetland indicators.
However, given the notable absence of macrophyte communities in most of the Hattah Lakes
artificially filled to date, macroinvertebrate surveys will be a vital component of monitoring to
assess the health of the system.
These investigations have demonstrated that macroinvertebrates are likely to respond to
environmental, physical and chemical changes within semi-arid lentic environments such as
the Hattah Lakes system.
5.1.1.3 Expectations for the macroinvertebrate communities

This study is unique in that the inflow of water and its timing and direction will be controlled.
The water is being artificially pumped in through Chalka Creek from the Murray River and
ponded in the Hattah Lakes using regulating structures. It is the response that invertebrate
assemblages display during the filling phase and subsequent drying phase that is in question.
It is anticipated that invertebrate colonisation and succession will be similar to that of a
natural flooding/drying cycle, if management interventions are to be deemed successful.
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Consequently, it is important to understand how macroinvertebrates communities colonise
and develop under natural wetting and drying cycles.
Dry Phase

The dry phase within ephemeral systems is important in determining which species of
invertebrate emerge and become abundant once inundation occurs. During the dry phase
invertebrates have several ways of persisting in ephemeral wetlands. Many species have
desiccation-resistant eggs that remain in the dried out sediment waiting for the next filling
phase (Boulton and Lloyd, 1992). Some species are able to survive in moist areas within the
hyporheic zone, or amongst leaf litter and vegetation. Others have mobile adult stages,
allowing them to escape the drying wetland, and re-enter when it fills again (Boulton and
Brock, 1999).
While it is expected that many zooplankton species will emerge from their desiccation
resistant eggs during lake filling, it seems less likely that many ‘moist-habitat’
macroinvertebrates will colonise the Hattah Lakes. These invertebrates require a moist place
for eggs to wait for the inundation of the lake, and given the long dry phase in this system,
moist refuges would be unlikely. Invertebrates with aerial adults will be the most likely forms
expected to colonise the lakes during the filling phase.
Filling Phase

Boulton and Lloyd’s (1992) experiments show that early in the filling phase there is the
potential for large numbers of zooplankton to emerge from sediments. However, very few
macroinvertebrates were seen to emerge within a month of filling commencement. Instead,
aerial adult macroinvertebrates, such as Chironomids and Dragonflies, tend to colonise newly
wetted lakes by laying eggs in the advancing water (Souter et al., 2000). Many of these will
be non-predatory species feeding on organic detritus and algal material, while the predators
will feed on the emerging invertebrates. Some aerial macroinvertebrates will also directly
colonise the lakes rather than depositing eggs, such as flying beetles (Coleoptera) and bugs
(Hemiptera).
Within this hydrological scheme, it is expected that some invertebrates will be pumped in
with the inflowing water, and others already established in the previously wetted lakes will
move into the newly inundated areas. This may include less motile organisms, such as
molluscs.
As water area increases and new habitats are made available, macroinvertebrate abundance
and diversity is expected to increase. However, many parameters with complex relationships
may impact upon this expectation. For example, water quality parameters such as turbidity
and dissolved oxygen could limit primary production, which in turn affects food availability
for emerging zooplankton communities. However, it seems likely that invertebrates
colonising the Hattah Lakes system will be tolerant of these types of pressures.
Certain species of macroinvertebrates have been shown to increase in numbers following
floods, while others decline at the same time (Suter et al., 1995). Lake et al. (1989) suggest
that detritovores dominate macroinvertebrate communities during the filling phase of
temporary waters as they were able to take advantage of the large amounts of organic material
recently submerged. This seems a likely scenario for the Hattah Lakes system, as a lot of
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organic material will have accumulated in the dry lakebeds during the lengthy dry phase
experienced.
Invertebrate abundance may be impacted upon by fish, depending on the densities of fish
populations present. However, given that the pumping of water from the Murray River is not
expected to provide passage for large numbers of fish, the impact of fish populations on the
invertebrates is expected to be less important than hydrological, physical and chemical
pressures.
Drying Phase

Once the pumping of water into the Hattah lakes has ceased, the drying out phase will
commence. The length of the complete drying phase will vary from lake to lake, depending
on the physical properties of each individual lake. Larger capacity lakes such as Lakes
Mournpall and Hattah may take several years to complete this process, whereas smaller lakes
such as Lake Marramook could be dry in less than a year (Puckridge et al., 1997). This will
have an impact upon the invertebrate assemblages present, with only some lakes potentially
having time enough to establish stable invertebrate community structures.
Puckridge et al. (1997) found that lakes with a longer drying out phase had lower
macroinvertebrate abundances, but higher taxon evenness. This suggests that in the more
persistent lakes, fewer individuals are accommodated, but more taxa are able to successfully
colonise the lake due to the longer wetted period. Lake et al. (1989) showed that invertebrates
are quick to colonize temporary waters, with species richness and evenness rising rapidly over
the first two to three months in a temporary pond in western Victoria. However, early in the
drying phase the invertebrate assemblages present will largely be determined by habitat
availability and physicochemical properties within each lake.
Early in the drying phase, slower growing herbivores and detritovores succeeded the faster
growing detritovore species within the macroinvertebrate communities (Lake et al., 1989).
These later species are able to take advantage of macrophyte growth, and presumably some
species also rely on algal growth within the lakes. These authors also noted that the number of
predatory species rose during the early drying phase, as more prey became available.
As time since flooding increases, water in the smaller lakes will begin to recede, and habitat
around the edges of the lakes will be lost. Physico-chemical parameters will also change as
water levels drop, which will advantage more tolerant invertebrates, and exclude others.
Therefore during the later stages of the drying out phase it is expected that invertebrate
assemblage structure will change substantially, with many species disappearing as habitat
availability decreases and water quality becomes less tolerable. Mobile predators may become
prevalent as their prey are exposed by the receding waters, as found by Boulton and Lloyd
(1991) and Lake et al. (1989). Detritovores feeding on dying macrophytes may also be
common at this time.
5.1.1.4 Threats to macroinvertebrate communities

As indicated by literature, poor water quality and inadequate habitat have the greatest
potential to limit the establishment and persistence of viable macroinvertebrates communities.
In particular, low dissolved oxygen and extremes in pH are the main water quality threats to
macroinvertebrates. Low DO may be in the form of blackwater events (during filling) or due
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to algal blooms (which can cause large declines in DO at night). The pH may be initially quite
acidic due to the breakdown of organic matter after filling. Polyphenols released from river
red gum leaves may also have an effect of invertebrates. Once filled for some time, algal
blooms may cause large fluctuations in pH, due to photosynthetic activity, and consequently
increase carbonate ion concentrations (increasing the pH) during the day.
Lack of diverse and extensive macrophyte beds is another major threat. Macrophytes are
crucial for invertebrates as cover from predation, as a direct food source for some
invertebrates, and as a substrate for biofilm (also an important food source). Given the lack of
macrophytes observed in most of the lakes to date, and their perceived importance for
invertebrates (Reid and Brooks, 2000) this may be a critical factor limiting a viable
macroinvertebrate community.
While the conditions of filling may be important for the establishment of invertebrates (in
newly filled lakes), presence of algal blooms, macrophytes establishment and drying time will
determine the longer-term success of macroinvertebrate communities. Macroinvertebrate
sampling will address this by targeting newly filled lakes, as well as those filled for over one
year.
5.1.1.5 Summary

Within the Hattah Lakes, invertebrate surveys will provide information concerning abundance
and richness (as an indicator of food for higher taxa) and the response of the biota to the
artificial flooding regime being applied. Hydrological, physical, and chemical parameters will
all have varying effects on the invertebrate communities present. Life history cycles,
competition between different species, and predator prey relationships will also play a part in
determining the make up of the invertebrate assemblages. Seasonal variation and timing of
sampling will have some bearing on the invertebrate types and numbers collected. All of these
potential influences will need to be carefully considered when attempting to identify reasons
of change within the invertebrate communities collected in the Hattah Lakes system.
5.1.2 Objectives
The primary objective of the macroinvertebrate study was to:
• Identify whether a diverse macroinvertebrate community (a food source for fish and birds

and important for carbon processing) develops in response to the pumping and ponding of
water.
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5.2 Methods
5.2.1 Macroinvertebrates
RBA qualitative samples

Macroinvertebrate Rapid BioAssessment (RBA) samples were collected from edge habitat at
between two and four sites per lake using the Victorian RBA method (EPA Vic, 2003)
normally used in Victorian streams. Samples within each lake were approximately evenly
spaced around the lake. The number of samples taken within each lake was determined by the
size of the lake being sampled (Table 5.1), and each sample within a lake was defined with a
letter code (A-D). RBA samples were also collected from three sites on Chalka Creek.
Table 5.1. RBA samples at each waterbody within the Hattah Lakes system
Number of samples per lake
Waterbody
Arawak (recently filled)

December 06

February 07

May 07

3

3

3

3

3

Brockie (recently filled)
Bulla (recently filled)

2

Chalka Creek (long-filled)

3

3

3

Hattah (long filled)

4

4

4

Little Hattah (long-filled)

2

Lockie (long-filled)

4

4

4

Mournpall (recently filled)

4

4

4

Nip Nip (rain filled)
Yerang (long-filled)

2

1
3

Unnamed Ephemeral wetland (rain filled)

3

3

1

Macroinvertebrate data collected via the RBA method was processed to species level, or the
nearest appropriate equivalent, and three biotic indices applied to the same data at family
level (No. families, SIGNAL and EPT Families). While these indices are usually applied to
stream macroinvertebrates, they still provide a measure of diversity within the Hattah Lakes
system. Numbers of species within each sample was also recorded.
Hess quantitative samples

Macroinvertebrate Hess samples were collected at one site (RBA site A) at each lake, within
each season, except at Lakes Brockie, Bulla, Little Hattah, Nip Nip, and the unnamed wetland
(Table 5.2). No Hess samples were collected from Chalka Creek. Hess sampling captures
invertebrates by collecting the water and stirred up sediment from inside a chamber of 0.1m2
for one minute. For each lake, five of these one-minute/0.1m2 samples at the same site were
combined to produce one aggregated sample. The location of the five samples within a site
was chosen randomly.
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Table 5.2. Sampling program for macroinvertebrate Hess samples.
Waterbody
Arawak (recently filled)

December 06

February 07

May 07

X

X

X

X

X

X

X

Brockie (recently filled)
Bulla (recently filled)

X

Hattah (long filled)

X

Little Hattah (long-filled)

X

Lockie (long-filled)

X

X

X

Mournpall (recently filled)

X

X

X

Nip Nip (rain filled)
Yerang (long-filled)

X
X

Unnamed Ephemeral wetland (rain filled)

X

X

X

The Hess samples were preserved in 1% formalin solution in the field and later sub-sampled
to 10% and processed to species level.
5.2.2 Analysis methods for RBA and Hess samples
RBA data

Family richness, species richness, number of EPT families and species (i.e. those from the
pollution sensitive orders Ephemeroptera, Plecoptera and Trichoptera), and SIGNAL 2 (see
Chessman, 2005) were calculated for each sample taken. These indices were averaged for
each lake for February and compared to macroinvertebrate data from February in other
Victorian lakes as a benchmark. Mean species richness and standard deviation were
calculated and plotted for each lake in each season. Species richness was correlated with
water quality and habitat variables.
During natural flooding in 1996/97, Lakes Hattah, Mournpall and Arawak were sampled for
macroinvertebrates by Puckeridge et al. (1997). They targeted two to three specific
microhabitats including snags, macrophytes and open water at three sites on different shores
of the lake. Macroinvertebrate data was aggregated across microhabitat, with abundances
being comparable to RBA samples (100-200 organisms). The microhabitats sampled were
similar to that sampled by RBA, and the timing of this study was similar to the current study
(with samples being taken from late spring to late august). The species richness from the
current study was compared to richness from the 1996/96 study, as a second further
benchmark to assess whether diversity is comparable between natural flooding and artificial
pumping.
Presence-absence data was associated using Bray-Curtis similarity and ordinated using Primer
version 6 (Clarke and Gorley, 2005). This was then re-performed with the flooded lakes only
(i.e. excluding the rain-filled wetlands and Chalka Creek). ANOSIMs were applied to the
flooded lake data to ascertain whether differences between waterbodies or season were
evident.
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Principle Component Correlations (PCC) using PATN was performed to determine which
variables were driving macroinvertebrate communities patterns (at the individual site level).
BEST analysis was performed using Primer version 6 (Clarke and Gorley, 2005) to determine
the parameters that contribute to the best-fit model of the community data. Input parameters
used for these analyses included physicochemical water quality variables, local habitat
features (e.g. substrate composition, snags, etc) and the length of time since inundation.
Macroinvertebrate data was aggregated for each lake and PCC and BEST procedures were
performed to determine which factors were driving differences between lakes. This allowed
further parameters (that were not always measured at each habitat plot, but measured at the
lake centre) to be incorporated into the analysis. Input parameters used for this analysis
included nutrient levels, DOC and TOC concentrations, algal concentrations, averaged
physicochemical and habitat data as well as the length of time since inundation. The complete
list of the variables used in the multivariate analyses (with descriptions of each) is provided in
Appendix 3.
Hess data

Abundance (as number of individuals per 0.1m2) and richness were calculated for each
sample. Abundance was plotted for each lake over time. Abundance data from May was
compared to other Victorian lakes sampled using the same protocol during May as a
benchmark. Richness and abundance were correlated with water quality and habitat variables.
Data was associated using Bray-Curtis similarity and ordinated using Primer version 6
(Clarke and Gorely 2006). ANOSIMs were performed using Primer, to determine differences
between lakes and seasons. PCC and BEST analyses were performed to determine which
factors were driving differences between lakes. Input parameters used for this analysis
included nutrient levels, algal concentrations, physicochemical water quality parameters and
habitat data as well as the length of time since inundation.
Functional feeding groups

All macroinvertebrates found within the RBA samples were assigned a functional feeding
group. The groups and definitions are shown in Table 5.3.
Table 5.3. Functional feeding groups found in RBA samples from the Hattah Lakes
system
Group

Definition

Example

Predators

Consume other aquatic animals

All Odonata

Collector/Filterer/
Deposit feeder

Collects organic material by filtering the water
column or sifting through substrate material

Atyidae,
Chironominae

Shredder

Shreds larger organic material such as leaves

Pyralidae,
Triplectides sp.

Grazer

Grazes on aquatic algae

Hellyethira sp.

Scraper

Scrapes the surface of substrate, plants, or other
material, feeding on scum layer

All Gastropoda

Parasite

Lives off other aquatic animals without killing them

All Hirudinea
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Functional feeding groups within RBA samples were assessed using pie charts. The relative
proportions of each functional feeding group were compared between the different waterbody
types: Chalka Creek, the ephemeral wetlands, and the other lakes in the system. Comparisons
were also made between the three seasons for the flooded lakes, and between long filled lakes
and recently filled lakes.

5.3 Results
5.3.1 RBA data
Results for the number of families and number of species at each site within each season are
tabulated in Appendix 2. The biological indices SIGNAL 2, EPT taxa, as well as EPT species
richness are also included.
There was considerable variation both between and within lakes regarding the total number of
families and species present at a site. In total, 149 species of macroinvertebrate from 46
families were recorded from within the Hattah Lakes (and Chalka Creek), and the number of
species per sample ranged from 9 to 40. The variation in species richness is displayed
graphically in Figure 5.1. Notably, Chalka Creek sites were markedly more diverse than
others, and diversity was consistently low across Lake Arawak during December 2006.
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Figure 5.1. Mean number of species for each waterbody within each season from the RBA
samples. CH = Chalka Creek, AR = lake Arawak, BR = lake Brockie, BU = lake Bulla, MO = lake
Mournpall, HA = lake Hattah, LO = lake Lockie, YE = lake Yerang, LI = Little lake Hattah, NI = lake
Nip Nip, SH = unnamed ephemeral wetland, d = December 2006, f = February 2007, m = May
2007.

The RBA data was compared to macroinvertebrate data from other lakes recently sampled
using the same methods in Victoria (Table 5.4).
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Table 5.4. Macroinvertebrate data from other Victorian lakes
Lake

Degree of
No.
Human Families
Impact
(range)

No.
SIGNAL 2 EPT Taxa
Species
(range) (Family)
(range)
(range)

Dock Inlet

Low

19-21

26-28

3.9-4.1

5-7

Lake Elizabeth (Barwon
River)

Low

22-28

21-40

3.2-3.4

4-7

Lake Monibeong

Low

19-23

25-33

2.9-3.0

1-2

Lake Surprise

Low

12-26

15-37

2.7-4.1

0-7

Cockatoo Lagoon

Moderate

15-20

18-26

3.3-3.5

2-3

Lake Bridgewater

Moderate

6-17

6-24

3.5-3.5

0-1

Lake Elizabeth

Moderate

5-7

5-8

2.6-3.4

0-0

Longmore Lagoon

Moderate

16-16

23-23

3.1-3.1

2-2

Lake Bullen Merri

High

2-7

2-8

2.0-3.5

0-1

Lake Colac

High

7-15

7-18

2.3-3.2

0-1

Lake Modewarre

High

4-10

3-11

1.6-3.2

0-1

Lake Purrumbete

High

10-22

9-24

2.0-3.1

0-1

Lake Toolirook

High

5-6

6-6

2.5-3.2

0-1

Average

13.5

17

3.1

2.2

Hattah range

8-26

9-40

2.4-3.5

0-4

This comparison suggests that the macroinvertebrate communities are reasonably diverse in at
least some lakes, and the degree of variability observed within the Hattah Lakes is equivalent
to the variation amongst other Victorian lakes.
The species richness calculated from data collected in a natural flood event was compared to
richness from the current artificially flooded lake data for three lakes (Figure 5.2).
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Figure 5.2. Macroinvertebrate species richness at 3 lakes during a natural flood in 1996/97 and
artificial flooding in 2005/06.
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Aside from Lake Arawak in 2006, species richness was comparable and similarly variable
between the natural flooding and artificial flooding. This suggests that the artificial flooding
is causing a similar macroinvertebrate response to a natural flood event.
Multivariate analyses

ANOSIM was used to show differences between both different waterbodies, and different
seasons within the RBA data. A global R of 0.238 was recorded for differences between
seasons, with a significance of p=0.001. The global R was 0.311 for differences between
waterbodies (including Chalka Creek and the ephemeral wetlands), with a significance of
p=0.004.
An ordination of the RBA data summed for each waterbody within a season also showed
seasonal variation in the macroinvertebrate communities (Figure 5.3). Differences were also
noticeable between the different types of waterbodies (ephemeral wetlands, Chalka Creek,
and the rest of the lakes).

Figure 5.3. Ordination of RBA macroinvertebrate data summed for each waterbody within a
season.

Variables driving the changes in macroinvertebrate communities

Significant correlations between species richness and various environmental variables within
the data set are shown in Table 5.5 (significance level 0.05).
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Table 5.5. Species richness correlated with various variables.
Variable

r-squared

Dissolved Oxygen %

0.405

Submerged branched macrophytes % cover

0.307

Total macrophyte % cover

0.300

CPOM % cover

0.299

Temperature

0.291

Logs % cover

0.261

Bare Edge % cover

- 0.264

Results from the Principal Component Correlations (PCC) returned r-squared values as shown
in Tables 5.6 and 5.7. Only significant r-squared values are displayed.
Table 5.6. r-squared values from PCC on site level RBA data.
Variable

r-squared

Log of Turbidity

0.274

Alkalinity

0.236

CPOM % cover

0.215

Dissolved Oxygen % saturation

0.196

Table 5.7. r-squared values from PCC on lake level RBA data
Variable

r-squared

Log Algae

0.705

Log FRP

0.683

CPOM % cover

0.596

Alkalinity

0.553

Log NOx

0.521

Snags % cover

0.519

BEST analysis results from all sites (not Chalka Creek) showed only two variables were used
in achieving a significant correlation of 0.267. The variables were filamentous algae
coverage, and snags/large organic matter coverage.
BEST analysis using lake level data revealed several variables to have a combined significant
correlation with species richness of 0.575. The variables were log algae, alkalinity, CPOM %
cover, leaf litter % cover, and floating rooted macrophyte % cover.
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5.3.2 Hess Data
A box and whisker plot shows the variation of abundance within the quantitative Hess
samples of each lake sampled during the sample period (Figure 5.4). Figure 5.5 graphically
shows the variation within each of the three seasons.
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Figure 5.4. Box plots of macroinvertebrate abundances at Hattah Lakes over three different
seasons.

900
800
700
Arawak

abundace

600

Brockie
Bulla

500

Hattah
Little Hattah

400

Lockie
Mournpall

300

Yerang
200
100
0
December

February

May

Figure 5.5. Macroinvertebrate abundances within three seasons at several lakes in the Hattah
Lakes system.

Comparing the Hattah Lakes Hess samples to three other Victorian lakes shows the high
average number of species, and abundances of macroinvertebrates in the Hattah Lakes system
(Table 5.8). The comparison was made between samples taken in May from all lakes, and was
adjusted for sampling effort.
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Table 5.8. Comparison of Hess sample richness and abundance from the Hattah Lakes
system to three other Victorian lakes.
Lake

No. Species

Abundance

Bullen Merri

1-2

14 - 23

Purrumbete

3-4

445 - 825

Surprise

3-6

25 - 35

HATTAH SYSTEM: Average of May samples

12.2

261.8

ANOSIMs comparing between both the lakes and the seasons revealed no significant
differences. The global R between lakes was 0.038, with a significance value of p=0.35.
Between seasons the global R was 0.103, with a significance value of p=0.06. However, an
ordination of the Hess data shows some seasonal pattern to the macroinvertebrate
communities (Figure 5.6)

Figure 5.6. Ordination of Hess sample data from lakes within the Hattah Lakes system.

Several environmental variables were correlated with species richness and/or the abundance
of macroinvertebrates in the Hess samples. Total abundance was positively correlated with
the algae in the lakes (0.356), suggesting that higher algae levels lead to more
macroinvertebrates. Species richness was highly positively correlated with macrophyte
coverage (0.499), suggesting that increased numbers of macrophytes support more taxa. Both
richness and abundance were strongly negatively correlated with dissolved Phosphorus (0.650, -0.509).
PCC analysis of the Hess data revealed EC, alkalinity and total Kjeldahl nitrogen (TKN) to be
important factors in determining macroinvertebrate community composition (Table 5.9). Most
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of these factors can be related to algal levels. Substrate type (the percentage of sand or
clay/silt) was also an important factor.
Table 5.9. Results of PCC analysis
Variable

r-squared

Conductivity

0.431

TKN

0.409

Clay/silt substrate

0.358

Sand substrate

0.358

Alkalinity

0.336

The BEST analysis agreed with the PCC results in defining algae, substrate types, and
nutrient levels as most important in influencing the macroinvertebrate communities. Algae,
clay/silt percentage, NOx, TKN, and TP all gave a correlation value of r2=0.395.
5.3.3 Functional feeding groups
Abundance of macroinvertebrates within specified functional feeding groups across all RBA
samples is shown in Figure 5.7. This does not include zooplankton or other micro-fauna.
Predators dominate these communities, while there are very few macroinvertebrate grazers in
the system.

Abundance w ithin functional feeding groups

10.6%

0.5%

0.1%

predat ors
shredders
Collect or/Filterer/ Deposit f eeder

26.4%

52.0%

grazer
Scraper
parasite

10.3%

Figure 5.7. Abundances of macroinvertebrates separated into functional feeding groups for RBA
samples in the Hattah Lakes system.
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Comparisons of functional feeding groups between lakes (and Chalka Creek) showed that the
pumped lakes had very similar compositions of functional feeding groups. Chalka Creek
(Figure 5.8) was different in that it had fewer predators than the pumped lakes, and more
shredders and collector/filterer/deposit feeders. An example of one of the pumped lakes is
shown in Figure 5.9.
Chalka Creek macroinvertebrate abundance
functional feeding groups

1%

6%

1%

38%

predators
shredders
Collector/Filterer/Deposit feeder
grazer

37%

Scraper
parasite

17%

Figure 5.8. Macroinvertebrate abundances separated by functional feeding groups at Chalka Creek
sites.
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Mournpall macroinvertebrate abundance
functional feeding groups

12.9%

0.2%

0.0%

predators
shredders
Collector/Filterer/Deposit feeder

23.3%

grazer
Scraper

59.4%

parasite

4.2%

Figure 5.9. Macroinvertebrate abundances separated by functional feeding groups at Lake
Mournpall.

The rain-filled ephemeral wetlands instead displayed different compositions of functional
feeding groups (Figure 5.10). Both Lake Nip Nip and the unnamed wetland had no scrapers,
with only predators, shredders, and collector/filterer/deposit feeders present.
Nip Nip m acroinvertebrate abundance
functional feeding groups

40%

predat ors
shredders
Collect or/Filterer/ Deposit f eeder
grazer

53%

Scraper
parasite

7%

Figure 5.10. Macroinvertebrate abundances separated by functional feeding groups at Lake Nip
Nip.
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Differences in functional feeding group compositions between seasons are represented by
percentages in Table 5.10. These results do not include data from the Chalka Creek sites, or
the rain-filled ephemeral wetlands. Predators show a slight decline over time, while
Collector/Filterer/Deposit feeders show a slight increase in abundance.
Table 5.10. Differences in functional feeding group compositions between seasons
Season

Predators Shredders Collector/Filterer

Grazer

Scraper

Parasite

/Deposit feeder
December

59.9

10.4

19.1

0

10.2

0.4

February

57.0

5.2

26.5

0

10.9

0.3

May

45.7

12.6

27.9

0

13.2

0.6

No differences in functional feeding group compositions were seen between the recently filled
lakes, and the longer filled lakes.

5.4 Discussion
5.4.1 RBA data
Variation between waterbodies

Within the RBA samples variation between the different waterbodies was evident (Figure
5.1). This indicated that the macroinvertebrates within each waterbody were independent to
some degree. Similarity analyses agreed, showing the significant differences between samples
from different waterbodies. This similarity of macroinvertebrate communities within a
waterbody is expected, as each lake, creek or wetland has its own environmental pressures
determining which species will be present. Puckridge et al. (1997) agreed, finding that
individual waterbodies within the Hattah Lakes system were biologically distinct.
The ordination of the RBA data was able to clearly show a separation of the Chalka Creek
samples from the rest (Figure 5.3). This was to be expected, as the fauna found within a
flowing creek environment will be different to that of a large lentic water-body (Wetzel,
2001).
Similarly, the ordination showed a distinct separation of the ephemeral, rain-filled wetlands
from the pumped water lakes (Figure 5.3). This was also expected to occur, as the ephemeral
wetlands were only recently wetted prior to sampling, and contained little water. These
factors ensured that only taxa able to propagate quickly and cope with living in poor water
quality would be present. As these wetlands were rain-filled, no taxa could be washed in from
another water-body, such as the Murray River, or one of the previously filled lakes.
Richness of the system

Richness comparisons of the Hattah Lakes samples to other Victorian lakes showed that the
degree of variability observed in the Hattah Lakes was equivalent to that of other Victorian
lakes (Table 5.4). In most cases the Hattah Lakes were highly diverse compared to the other
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lakes, suggesting a healthy environment in which the macroinvertebrate communities can
flourish. SIGNAL 2 scores, usually used in rivers and streams, also compared favourable to
many other lakes. As SIGNAL scores are related to the impact tolerance of
macroinvertebrates, this is direct measure of ecosystem health (Chessman, 2003).
The richness from the artificially flooded lakes was also similar to that of naturally flooded
lakes. This implies that macroinvertebrate response from the artificial flooding is essentially
mimicking that of a natural flood.
Seasonal patterns

Similarity analyses were used to indicate a significant seasonal pattern, with samples more
similar to other samples from the same season. This was visually evident from the ordination
of RBA data (Figure 5.3). The seasonal pattern within the macroinvertebrate communities
suggests that other factors are having minimal effects on the species present compared to the
natural variation seen between seasons. This suggests that the pumping of water into the lakes
has produced a viable ecosystem, as no impacts are preventing the macroinvertebrate
communities from displaying their normal seasonal pattern.
Habitat importance

Correlations between species richness and environmental variables revealed several habitat
types were important for producing diverse macroinvertebrate assemblages (Table 5.5).
CPOM, logs, macrophytes, and particularly submerged branched macrophytes, all seem to be
providing habitat able to support higher numbers of taxa. Conversely, bare edge is likely to
have a negative effect on the numbers of taxa present. Souter (1996) found similar results,
with increased vegetation and snags in a lake leading to more diverse macroinvertebrate
communities.
The PCC analyses at both the lake level and site level agree that CPOM is important in
determining community compositions, while logs and snags were important at the lake level
only (Tables 5.6 and 5.7). BEST analyses also suggested CPOM, leaf litter, and floating
macrophytes were important determinants.
Filamentous algae and snags combined were shown to be highly determinant of the
macroinvertebrate assemblages at the site level. As filamentous algae was only seen when
macrophytes were present, it is likely that the presence of macrophytes as food and shelter is
just as if not more important than the presence of the filamentous algae itself. However, the
filamentous algae could also be providing a unique food source, attracting a unique set of
macroinvertebrates. Snags also provide habitat to a wide range of macroinvertebrate species.
These results are expected, as it is well known that habitat diversity can be directly linked to
macroinvertebrate diversity (White and Irvine, 2003). The fact that habitat variables regularly
came up as important determinants of the macroinvertebrate communities at the site level
suggests that differences between sites within lakes can be attributed to variations in habitat
type. This also implies that the habitat structure, and amounts of habitat available within a
lake can be highly determinant of the macroinvertebrate assemblages present.

Hattah Lakes Intervention Monitoring 2006/07 - Final Report

77

Algae importance

The importance of algal levels in determining macroinvertebrate communities is shown in the
PCC at the lake level, where algae has the highest r-squared value (Table 5.7). BEST analysis
at the lake level also suggested algae was directly important. Increased food availability for
many macroinvertebrate species is the likely reason that algae is so important in determining
the make up of the macroinvertebrate communities (Wetzel, 2001). Apart from the
macroinvertebrates feeding directly upon it, the algae are also important in attracting prey for
many predatory macroinvertebrates (Boulton and Brock, 1999).
Dissolved oxygen levels were positively correlated with species richness (Table 5.5). PCC
analysis at the site level also suggested this relationship (Table 5.6). While oxygen levels in
some lakes did fluctuate wildly, the levels observed were not expected to have any direct
impact on the macroinvertebrates. It is more likely that the oxygen levels are associated with
suspended algal levels (Boulton and Brock, 1999), which in turn supply food for
macroinvertebrates, increasing the species richness.
Temperature may be positively related to species richness through increased productivity
(Table 5.5). Whilst the increasing temperatures may affect the macroinvertebrates directly,
more important would be the increase in algal or plant growth (Wetzel, 2001), providing more
food and habitat for the macroinvertebrates.
PCC suggested that turbidity and alkalinity were important in determining macroinvertebrate
community compositions (Tables 5.6 and 5.7). Similarly to oxygen levels, both these
variables are unlikely to directly impact macroinvertebrates at the levels observed. They are
also likely to be indicators of increased algal growth, which provides a greater food source.
5.4.2 Hess data
Variation between lakes

The high variability of the abundances within these lakes is shown in Figure 5.4. However,
the variability between lakes is less apparent. Of the lakes sampled multiple times, only Lake
Lockie is consistent. This suggests that most of the lakes are fluctuating seasonally, and are
not inherently different from one another. The analysis of similarity agreed that there was no
difference between lakes in terms of macroinvertebrate abundances, and the ordination
revealed no discernable pattern.
The lack of differences seen between lakes when using the Hess sampling method may be due
to the sampling technique. As this technique always samples similar habitats (shallow edge
areas, often bare edge or minimal CPOM/vegetation) this may account for similarities
between samples. This would explain why differences between lakes were seen within RBA
macroinvertebrate data, as the RBA sampling technique targets the full range of habitat
diversity.
Seasonal variation

A seasonal pattern was apparent in the abundances of macroinvertebrates, as seen in Figure
5.5. Abundance was considerably lower and less variable during December 2006 than during
February and May 2007, when large algal blooms occurred. The difference in
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macroinvertebrate communities between December 2006 and the other seasons is also
evidenced by the ordination (Figure 5.6). It is difficult to ascertain whether abundances
increased during February and May due to food availability (from algal productivity) alone or
whether algal blooms coincided by chance with life cycles of invertebrates.
Abundance of macroinvertebrates

Abundances within the lakes, and within season are illustrated in Figures 5.4 and 5.5. In
comparison to other lakes in Victoria sampled in the same way, the abundance figures seem
normal to high (Table 5.10). However, without more specific data from other lakes of a
similar nature, it is difficult to draw any conclusions other than that a reasonable number of
taxa have been present in most Hattah lakes at some point during the sampling period.
Algae importance

The importance of algal levels in determining the macroinvertebrates within the Hess samples
is demonstrated through simple correlations. The positive correlation of algae to species
richness suggests a strong link between the two. The BEST analysis also revealed algae as an
important factor. However it may be that seasonal environmental factors are influencing both
species richness and algae in a similar direction.
Some water quality and nutrient level data was also correlated with the macroinvertebrate
species present. TKN was deemed important by both the PCC and BEST analyses. TKN
includes nitrogen that is contained in biological material, such as that which exists in bluegreen algal cells. Additionally, blue green algal species fix atmospheric nitrogen, increasing
the total pool of nitrogen in the water. For this reason, TKN is likely acting as a surrogate
measure of the algae in the water where these samples were taken.
Both richness and abundance were strongly negatively correlated with dissolved Phosphorus.
This is likely due to the algal blooms drawing a lot of Phosphorus from the water, and the
macroinvertebrates feeding on the algae (Wetzel, 2001). As algal levels were also positively
correlated with macroinvertebrate abundance, it is likely that the algae are supporting larger
numbers of animals.
Habitat Importance

Macrophytes were identified as being important habitat structures by their strong positive
correlation with species richness. This was expected, as macrophytes are known to provide
habitat and food for a wide array of invertebrate species.
Substrate type was identified by both the PCC and BEST analyses as an important
determinant for the macroinvertebrate communities. It may be that different species of
macroinvertebrate prefer different substrates, or that other habitat types/environmental
variables are correlated with the two substrate types observed.
5.4.3 Functional feeding groups
There were distinct differences in functional feeding group composition between the three
main types of waterbodies studied (Chalka Creek, flooded lakes, and rain filled lakes). The
fewer predators observed in the creek ecosystem may be attributed to relatively more complex
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habitats and thus increased cover from predation for members of other functional feeding
groups (e.g. through organic matter and macrophytes) as well as less available open water
habitat, which is favoured by predators (Boulton and Brock, 1999). The large numbers of
microfaunal prey within the lakes may also attract more invertebrate predators.
The absence of grazers (generally molluscs) in the rain filled wetlands is a simple function of
macroinvertebrate dispersal mechanisms. Rain filled lakes would only contain species that
can colonise aerially, or from the sediment, thus preventing species occurring that colonise
laterally across the floodplain, such as molluscs.
The ratios of collector/filterer/deposit feeder to predators increased throughout the sampling
period. This may be due to increased blue-green algal levels, which may reduce the water
clarity and thus feeding efficiency for predators, while increasing the food source for some
collector/filterer/deposit feeders. It may also be due to natural seasonal patterns due to life
cycles of various invertebrate species.
Importantly, there were no large differences in functional feeding group composition between
newly filled lakes and those filled for over a year. This means that in the longer term,
important ecosystem functions (e.g. carbon cycling, nutrient processing) that help sustain the
lake ecosystem are being maintained.
5.4.4 Summary
A viable and healthy macroinvertebrate community developed quickly after pumping in the
Hattah Lakes, and was able to remain viable for approximately a year afterwards. Many of
these communities may continue to remain healthy for sometime beyond the length of this
study. Richness from the artificial flooding was comparable to that of a natural flood at the
Hattah Lakes, which provides strong evidence that the pumping and ponding activities are a
successful intervention for promoting macroinvertebrate diversity. Assemblages observed did
not differ greatly from other lakes in Victoria. They did however vary both between lakes
within the system, and across seasons. Macroinvertebrate abundances are relatively high and
would be providing an important food source for fish and waterfowl. Water quality did not
impede the development of these communities, and would not be expected to have any impact
on communities present until late into the drying phase within each lake. Specifically, algal
blooms were not found to impede healthy macroinvertebrate communities from developing,
and may actually be important in providing food and habitat for the macroinvertebrates.
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6. Zooplankton
6.1 Introduction
6.1.1 Background
Zooplankton consist of ostracods, copepods, cladocerans and rotifers that inhabit both the
open water and littoral zones of wetland ecosystems. They are a crucial aspect of Australian
‘boom and bust’ floodplain environments, and form an important link in the food web of
floodplain ecosystems. They emerge rapidly from dry floodplain sediments within days of
inundation, firstly rotifers followed by microcrustacea (Boulton and Lloyd, 1992), and
provide a primary food source for macroinvertebrates, fish and waterfowl.
Most zooplankton species principally consume phytoplankton, but are known to feed on
bacteria, detritus, plants and other zooplankton (Reid and Brooks, 2000). Consequently
zooplankton are thought to play a significant role in regulating algal levels. Lifecycles of
most zooplankton species are short, typically days to months (Reid and Brooks, 2000),
however little is known about the lifespan of ‘boom’ periods (when zooplankton are
abundant) in Murray-Darling floodplain lakes (Jenkins et al., 2005).
Zooplankton are known to be unevenly distributed throughout the lake profile (Burns and
Mitchell, 1980) (e.g. due to local habitat features, wind direction or solar radiation), and thus
require a high frequency of sampling to detect changes. The use of three composite trawls in
the different areas of the littoral habitat, and three trawls at different depths in the open water
habitat may be employed to decrease the expected variability between zooplankton
assemblages trapped in single trawls.
Past studies in the Murray Darling basin have generally focused on zooplankton emergence
from dry sediment (e.g. Boulton and Lloyd, 1992). These studies have shown that a greater
biomass of emerging zooplankton occurs in frequently wetted lakes, compared with
frequently dry lakes (e.g. those wetted once in 20 years). Jenkins (2007) recommends
zooplankton emergence as a suitable indicator of arid river floodplain health. Specifically, she
suggests that microcrustacean densities 2-3 weeks after spring flooding (e.g. with targets of
100-1000 individuals L-1) may be a good indicator to measure restoration success. The current
study focused on abundances and diversity of already emerged zooplankton in both newly
filled lakes, and those filled for over a year. It attempted to separate ‘boom’ populations of
emerging invertebrates from those that may be maintained over longer time periods.
6.1.2 Objectives
The primary objective of the zooplankton study was to:
• Identify whether a diverse zooplankton community (a food source for fish and birds and

important for carbon processing) develops in response to the pumping and ponding of
water.
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6.2 Methods
6.2.1 Sampling overview
Zooplankton samples were taken from each of the sampled lakes within each season. The
sampling program is outlined in Table 6.1.
Table 6.1. Zooplankton sampling program for the Hattah Lakes from December 2006 –
May 2007.
Waterbody

December 06

February 07

May 07

x

x

x

x

x

x

x

Arawak
Brockie
Bulla

x

Hattah

x

Little Hattah

x

Lockie

x

x*

x

Mournpall

x

x

x

Nip Nip

x†

Unnamed ephemeral wetland

x†

Yerang

x

x

x*

* Edge samples unable to be processed
†
Edge sample only

In most cases one composite sample was taken from the centre and one from the edge of the
lake. However, due to the small size of Lake Nip Nip and the unnamed ephemeral wetland,
only a single sample was possible. The high sediment and organic content of edge samples
from Lake Lockie in February and Lake Yerang in May made these samples too difficult to
accurately process (Robert Walsh, pers. comm.).
6.2.2 Sampling methods
All samples were collected with a modified Schindler-Patalas zooplankton trap. The trap
holds 6.35L of water and was trawled 3 times at each location. In the centre of the lake
samples were collected from the surface, middle and bottom. At the edge of the lake samples
were collected from the surface at 3 random locations. After 3 trawls had been taken, most of
the water was drained back through the fine net. The net was then rinsed down with ethanol
into the attached plastic bottle. The remaining zooplankton was then emptied from this bottle
into a glass jar with 70% ethanol for preservation. The edge zooplankton site corresponded
with the principle RBA site, where habitat and water quality data was also collected.
The samples were sent to the Australian Waterlife laboratory for identification to species
level. As the sampling was quantitative, the samples were assessed for abundance of both
microcrustaceans and rotifers.
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6.2.3. Data analysis
Species richness and abundance were calculated separately for microcrustacean and rotifer
data. This data was compared to zooplankton data taken at the sample time of year in other
Victorian lakes as a benchmark.
One-way ANOVAs were separately applied to microcrustacea and rotifer data to detect
differences between, habitats, lakes, seasons and newly filled versus long-filled lakes. An
ordination to examine differences in community composition and a BEST analysis was
performed using Primer version 6 (Clarke and Gorley, 2005), the latter used to identify
parameters that were driving composition of microcrustacean communities in the lakes. Input
parameters used for this analysis included water quality variables, algal concentrations,
modelled data regarding the wet and dry phases of each lake under natural conditions
(obtained from SKM, 2004) as well as the length of time since inundation.

6.3 Results
Rotifers showed no discernable patterns between lakes or seasons, in terms of abundance,
diversity (Table 6.2), or community structure. Mean abundances ranged from 39 to 1331
organisms.L-1, and richness ranged from 2-10 species. Samples were typically dominated by
large numbers of Filina australis and a number of Keratella species. Due to absence of clear
patterns in rotifer data, this section focuses primarily on microcrustacean data.
Microcrustacean communities comprised high numbers of Moina sp., Boeckella triarticulata
and numerous Daphnia species. Abundance of microcrustacea averaged 336 individuals per
litre (across all samples), but reached a maximum average abundance of 4110 individuals per
litre for Lake Brockie during February (just after filling). Microcrustacea abundance
displayed a distinct pattern, with newly filled lakes containing significantly greater
abundances in the first sample event after filling (Figure 6.1) (p=0.022 n=37). Additionally,
abundances significantly increased from December 2006 to February 2007 and again from
February 2007 to May 2007 (Table 6.2) (p=0.022, n=37).
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Table 6.2. Abundance and richness of zooplankton at each lake during each season.
Values have been averaged between edge and centre habitats. Shading denotes the first
sample of a newly filled lake.

Lake

Season

Microcrustacea
abundance
(organisms.L-1)

Microcrustacea
richness

Rotifer
richness

(per sample)

Rotifer
abundance
(organisms.L-1)

(per sample)

Arawak

December

103

9

147

2

Arawak

February

4

6

136

6

Arawak

May

157

5

39

2

Brockie

February

4110

5

1035

5

Brockie

May

261

6

213

6

Bulla

December

101

7

150

5

Hattah

December

1

6

65

4

Hattah

February

27

5

116

5

Hattah

May

90

4

440

6

Little Hattah

December

3

6

445

9

Lockie

December

4

5

236

7

Lockie

May

702

3

1331

3

Lockie†

February

68

6

1041

9

Mournpall

December

62

4

411

6

Mournpall

February

171

8

224

5

Mournpall

May

84

7

47

2

Nip Nip*

February

599

1

1029

8

Unnamed
wetland*

February

9

3

977

9

Yerang

December

13

8

222

10

Yerang

February

28

4

90

4

Yerang†

May

240

7

944

8

* Edge sample only
†
Edge samples unable to be processed
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i

ii

Figure 6.1. Box plots showing differences in microcrustacean abundance between (i) lakes filled
for over one year and newly filled lakes and (ii) seasons. Note that the y-axis represents
abundance per 19.05L sample and is on a logarithmic scale.

Microcrustacean abundances were not significantly different between lakes, or habitats.
However, richness was significantly higher (at the 10% level) for edge samples compared
with centre lake samples (p=0.057, n=37). Microcrustacea were also exceptionally abundant
and comparably diverse when benchmarked against data collected from the centre zones of
lakes across the state during summer 06/07 (Table 6.3).
Table 6.3. Mean microcrustacea abundance and richness for Victorian lakes, taken at the
lake centre during summer 06/07. Hattah Lakes data are from February 2007.
Richness
(per 19.05 L
sample)

Abundance
(number of
organisms.L-1)

Eastern coastal (4)

3

1.8

Kerang lakes (7)

5

15.6

Western coastal (3)

2

0.6

Western district (9)

4

64.5

State wide average (standard
deviation)

4 (2)

30.3 (79.8)

Richness

Region (and number of lakes
assessed)

Hattah lakes

(per 19.05 L
sample)

Abundance
(number of
organisms.L-1)

Arawak

8

6.6

Brockie

5

2573.9

Hattah

3

52.6

Lockie

6

108.7

Mournpall

9

250.1

Yerang

4

39.7

Hattah average (standard deviation)

6 (2)

505.2 (1017.0)
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A distinct seasonal pattern was evident in the microcrustacean community composition.
ANOSIM revealed that the community data significantly differed between seasons (Global
R=0.397, p<0.001), which is also clearly shown when the data was ordinated (Figure 6.2).
Three important variables contributed to the best-fit model for microcrustacea communities
using BEST analysis. Two variables were related to aspects of drying in the lakes system: the
frequency of spells where lakes historically were less than 25% full, and the average duration
of these dry spells. The other important variable was ambient temperature, and together these
three variables were significantly correlated with the community data (R2 0.395, n=38)

Figure 6.2. Ordination of microcrustacea samples from December 2006, February 2007 and
May 2007.
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6.4 Discussion
The large populations of microcrustacea occurring in the newly wetted lakes can be explained
by mass hatchings in the recently wetted environment. Despite having significantly lower
abundances than newly filled lakes, lakes that have been filled for over a year still maintained
high microcrustacea abundances compared to other Victorian lakes. Abundance of rotifers
were generally quite high, but displayed no obvious temporal patterns, particularly in relation
to recent filling. These findings are consistent with Nielsen et al. (2002), who manipulated
flood seasonality and duration in experimental billabongs on a Murray River floodplain over a
two-year period. They found rotifer abundances to rarely increase following flooding, and no
large changes in rotifer community structure, even by controlling changes to timing of floods.
The availability of zooplankton would provide larval and planktivorous fish, predacious
macroinvertebrates and waterbirds with a plentiful food source (Jenkins et al., 2005). While
the size of micro-invertebrates was not measured and could not be associated with the gape of
fish captured in the fyke net survey, a relatively diverse range of rotifers and microcrustacea
were recorded for most lakes. This would probably cater for the dietary requirements (in
terms of diversity of size of zooplankton) of many fish species. Diversity was higher in the
lake edge zone, where the habitat is more complex, and may be providing some refuge from
predation.
Communities appeared to be driven by season and historical drying cycles of the lakes.
Jenkins et al. (2005) found that zooplankton egg banks remain viable for about 15 years while
Boulton and Lloyd (1996) demonstrated the importance of wetting and drying cycles in
driving zooplankton abundances following flooding of dry sediments from the Chowilla
floodplain. Boulton and Lloyd (1996) demonstrated that greater biomass and abundance of
zooplankton occur in more frequently flooded areas of the floodplain. This remains an
important issue for the Hattah Lakes and may warrant consideration when prioritising which
lakes receive water in future allocations.
A clear seasonal successional pattern was evident in microcrustacea communities. Substantial
population increases between seasons can be attributed to increased algal levels, which are an
important food source for microcrustacea. If successful native fish recruitment occurs in the
Hattah Lakes, it appears there will be abundant small food in the form of rotifers in early
summer, and seasonal addition of larger food, in the form of microcrustacea during autumn.
Zooplankton in the Hattah Lakes were found to be comparably diverse and markedly more
abundant than other lakes in Victoria. This is typical of ephemeral Murray-Darling basin
wetlands. In fact, Shiel et al. (1998) encountered up to 500 species of microfauna inhabiting
floodplain wetlands on Murray River tributaries, but the mean diversity in each wetland was
substantially lower, attributed to habitat heterogeneity and presence of certain predators (e.g.
mean rotifer diversity being 10.93 species per lakes). Overall, zooplankton communities in
the Hattah Lakes are abundant and diverse and would be providing an important food source
for larval and planktivorous fish and waterbirds, and thus support the biological objectives
listed in the Hattah Lakes Environmental Management Plan.
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7. Soil Seed Bank
7.1 Introduction
7.1.1 Background
Soil seed banks are integral to the vegetation dynamics of temporary wetlands and contribute
significantly to both the floristic diversity and vegetation resilience of these habitats (Brock et
al., 2003; Capon and Brock, 2006). Soil seed banks allow plant species to avoid the stresses
associated with flooding or drought and persist at a location as dormant propagules that
germinate when conditions appropriate for their establishment occur (Brock et al., 2006).
Consequently, soil seed banks in temporary wetlands are typically dominated by annual and
short-lived grass, sedge and forb species which produce large numbers of small propagules
that are easily dispersed and incorporated into the soil (Brock et al., 2003; Capon and Brock,
2006; James et al., 2007). Perennial species that allocate more resources towards the tolerance
of disturbances as mature individuals, especially trees and shrubs, tend to be poorly
represented or absent from wetland soil seed banks (Leck, 1989; Capon and Brock, 2006;
James et al., 2007).
As germination cues in wetland plants are often related to hydrology (Brock et al., 2006), the
composition of plant communities establishing from wetland soil seed banks tend to be
determined primarily by patterns of flooding and drying, e.g. flood duration, timing, rate of
drawdown etc. (Seabloom et al., 1998; Casanova and Brock, 2000; Nicol et al., 2003;
Warwick and Brock, 2003; Capon in press). Soil seed banks may contribute to all phases of
the extant vegetation (i.e. submerged vegetation and drawdown vegetation) or only vegetation
that occurs during periods of drawdown (Capon and Brock, 2006). Alternatively, soil seed
banks may bear little resemblance to the extant vegetation and be dominated by propagules of
species that are absent or rare in the overt flora. In temporary wetlands, most soil seed bank
species tend to germinate in response to damp or waterlogged conditions that occur following
the recession of floodwaters (Capon and Brock, 2006; Capon in press). Submerged
macrophytes that require inundation for most of their life history stages, however, often
germinate exclusively under flooded conditions (Casanova and Brock, 2000; Brock et al.,
2006).
Soil seed banks are structured by processes of propagule replenishment, i.e. primary and
secondary propagule dispersal, and depletion, e.g. mortality, germination, granivory etc.
(James et al., 2007). In wetlands, these processes are often influenced by hydrology, e.g.
hydrochory (propagule dispersal by floodwaters), scouring etc. (James et al., 2007). Soil seed
bank composition and structure, therefore, can vary between wetlands of differing flood
histories or, within wetlands, along hydrological or elevational gradients (Leck, 1989; Bonis
et al., 1995; Capon and Brock, 2006; James et al., 2007). Seed densities are often lower in the
middle of lake beds where more frequent and longer durations of flooding may lead to the
loss of seed viability or removal of seeds by scouring (Leck, 1989; Poiani and Johnson, 1989;
Wilson et al., 1993). Soil seed banks in frequently flooded parts of wetlands also tend to be
more homogeneous than less frequently flooded areas as a result of more regular hydrological
disturbance and the dispersal of propagules by floodwaters (Haukos and Smith, 1994; Capon
and Brock, 2006; James et al., 2007). Local factors (e.g. soil characteristics, grazing,
microtopograhpy, etc.) are likely to have a greater influence on soil seed bank composition
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and structure in less frequently inundated wetland zones and, consequently, soil seed banks in
these areas are often more heterogeneous (Capon and Brock, 2006; James et al., 2007).
The contribution of soil seed banks to wetland restoration is dependent on three major factors;
i) the presence of propagules of desirable native species, ii) the occurrence of appropriate
conditions for the germination and establishment of desirable native species and iii) the
absence of propagules belonging to undesirable exotic species (van der Valk and Pederson,
1989; Combroux et al., 2002). Depending on these criteria, soil seed banks can therefore
either help or hinder restoration efforts. An understanding of soil seed bank composition and
structure will help provide an indication of vegetation responses to future conditions such as
those imposed by management actions including environmental flows.
7.1.2 Objectives
This study represents an investigation into the germinable soil seed banks of selected lakes
within the Hattah Lakes system. Macrophytes were a notable absence following pumping in
2005, leading to a concern that the prolonged dry phase of the lake system may have
threatened the viability of macrophyte propagules. Consequently, this study was carried out to
determine the likely contribution of soil seed banks to vegetation responses to this
management action.
A broad objective of the soil seed bank study was to:
• Assess whether a diverse macrophyte community develops in response to the managed

flooding (a Living Murray objective, and also important habitat to assist achieving bird and
fish objectives).
Additional objectives to support the broad objective were:
•
•
•

to determine the composition and structure of soil seed banks of selected lakes in the
Hattah Lakes study area.
to identify differences in soil seed bank composition and structure amongst selected lakes
of differing flood histories and other environmental characteristics.
to make predictions concerning the potential contribution of soil seed banks to vegetation
dynamics in selected lakes of the Hattah Lakes study area in response to environmental
flows.

7.2 Methods
7.2.1 Soil collection
Soil samples were collected from eight lakes in the Hattah Lakes study area during November
and December 2006. At the time of soil collection, seven of these lakes (Little Hattah,
Mournpall, Arawak, Yerang, Bulla, and Lockie and Hattah) were already inundated by
environmental flows. Soil collection in the remaining lake, Brockie, was conducted prior to
inundation. In the seven wet lakes, soils were collected from 2 broadly delineated elevational
zones; 1.) the lake centre and 2.) the lake edge. A 1m buffer was left between the wetted edge
of each lakebed and the area in which the lake edge soil samples were collected (Figure 7.1).
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Water depths at the time of sampling ranged from 10 cm – 90 cm in the lake edge zone and up
to 2.1 m in the lake centre zone. In each zone, soils were collected from within three
randomly located quadrats (15m x 1m) positioned perpendicularly to the bed slope.
1m
1m
> 1m

15m
15m

LAKE
EDGE
ZONE

LAKE
CENTRE
ZONE

Figure 7.1. Soil sampling design for the seven wet lakes.

In Lake Brockie, soils were collected at five elevations separated by 0.5m vertical intervals.
Three replicate samples were collected from each elevation.
Fifteen soil cores, each 10 cm diameter and taken to a depth of 5 cm with surface debris
removed, were collected from scattered locations within each quadrat and combined in a
plastic bag to form a single aggregate sample. Samples were dry at the time of sampling and
transported to Monash University where they were stored in dark conditions until the
commencement of the experiment.
7.2.2 Seedling emergence experiment
Soil seed bank composition was determined using the seedling emergence technique (Baskin
and Baskin, 1998; Capon and Brock, 2006). This method only characterises the germinable
soil seed bank and cannot assess total seed abundance or detect species with viable propagules
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for which dormancy breaking conditions or germination cues are not met under experimental
conditions. Alternative methods, e.g. soil sieving and manual counting of seeds, however, are
time consuming, labour intensive and do not necessarily represent the likely contribution of
soil seed banks to vegetation dynamics. Very small propagules, e.g. some sedges and grasses,
may also be overlooked by such methods.
The seedling emergence experiment commenced on January 4, 2007. Soil samples from the
field were sub-sampled to obtain two 400mL samples following the removal of coarse
material, e.g. twigs, leaves, etc. Sub-samples were then distributed to a depth of
approximately 2.5 cm in individual transparent plastic containers with drainage holes. Each
transparent plastic container was then placed in a larger plastic container in order to conduct
watering treatments. In order to maximise germination, two watering treatments were
imposed on sub-samples. One sub-sample from each location was subjected to a submerged
treatment in which water was kept at a depth of 10 cm over the soil surface and the other to a
waterlogged treatment in which water was maintained at the level of the soil surface.
Throughout the experiment, seedlings were harvested from containers upon flowering but
prior to any further additions of seeds to the soil. Voucher specimens of all species have been
collected. Where necessary, seedlings were removed from containers and re-potted to be
grown until identification is possible. The most recent harvest was conducted on Monday 28
May, i.e. 20 weeks after the experiment began. At this harvest all seedlings beyond the
cotyledon stage were harvested and re-potted as required.

7.3 Results
7.3.1 Composition of soil seed banks
Almost 2500 seedlings were harvested from the seedling emergence experiment, comprising
approximately 50 species from at least 15 families. Of these, 30 species have been identified
to genus level at least (Table 7.1). The remainder mostly comprise species that did not flower
and thus were not able to be identified. It should be noted that a conservative approach to
harvesting has been taken and several (i.e. between 2 and 6) unidentified samples may belong
to the same species.
Forbs comprised almost 60% of all emerging seedlings and over half of all observed species.
Grasses accounted for a further 33% of seedlings and seedlings belonging to rush and sedge
species represented less than 1% of the total harvested. Charophytes (macroalgae), including
Chara spp. and Nitella spp., were also present in the soil seed bank. No tree or shrub
seedlings emerged.
Lake soil seed banks are overwhelmingly dominated by propagules of native species (> 92%
of all germinating seedlings). Seedlings belonging to exotic species germinated mostly from
Lake Brockie samples. A single exotic seedling germinated from Lake Hattah samples and 3
seedlings from Lake Lockie (Table 7.1). Similarly, several of the unidentified species are
likely to be exotics, e.g. Ranunculus sp.
The majority of seedlings germinated under waterlogged conditions with only 26% of
seedlings emerging in submerged samples. The charophyte, Nitella sp., as well as three
unidentified forb species, probably including Heliotropium supinum, and a single unknown
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grass species germinated solely from submerged samples. Over 50% of all observed species,
including 17 forb species, were restricted to waterlogged samples.
The most common and widely distributed species included the grass Lachnagrostis filiformis,
and the forbs Polygonum plebeium, Chenopodium pumilio, Limosella australis and Elatine
gratioloides. Moderately abundant species included the forbs Glossostigma sp., Epaltes
australis, Centipeda sp. and the sedge, Isolepis sp.. The most widely distributed species was
Limosella australis, which occurred in 33% of containers.
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Table 7.1. Presence/absence of species in soil seed bank of the edge (E) and centre (C) of each lake or at elevations A-E (lake edge to
centre) in Lake Brockie. N.B. Unidentifiable species (i.e. samples not flowering) are not shown.

Little
Hattah

Chara sp.
Nitella sp.
Alternanthera sp.
Bromus rubens
Centipeda sp.
Chenopodium pumilio
Crassula sieberiana
Crassula tetramera
Elatine gratioloides
Eleocharis pusilla
Epaltes australis
Eragrostis dielsii
Glinus oppositifolius
Heliotropium europaeum*
Heliotropium supinum*
Hordeum glaucum*
Hordeum sp.*
Isolepis cernua
Juncus bufonius
Lachnagrostis filiformis
Limosella australis
Lipocarpha microcephala
Medicago minima*
Myosurus australis
Myriophyllum sp.

Lake
Mournpall

Lake
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Lake
Yerang

Lake
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Pentaschistis airoides*
Persicaria lapathifolia
Persicaria prostrata
Polygonum plebeium
Pseudognaphalium luteo-album
Ranunculus sp.
Schismus barbatus*
Silene apetala*
Sonchus oleraceus*
Triglochin nana
Typha sp.
Vallisneria sp.
Vulpia muralis*

•
•
-

•
•
•
-

-

•
-

•
-

•
•
-

•
-

•
-

•
•
-

•
-

* - introduced
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7.3.2 Differences between lakes
The germinable soil seed bank of Lake Brockie, with approximately 26 species, was
the most species rich of the selected lakes at the whole lake scale while Lakes Lockie
and Mournpall had the lowest numbers of species with only six and four species
emerging from samples respectively. Several of the most common species were
present in all of the lakes except these latter two (Table 7.1).
At the whole lake scale, the germinable soil seed banks of most lakes were dominated
by propagules of forb species (Figure 7.2). As well as being the most species poor, the
soil seed bank of Lake Mournpall also differed from other lakes in that it was
dominated by grass rather than forb propagules. High proportions of germinable grass
seeds were also present in Lakes Lockie, Bulla and Arawak. Lakes Yerang and Little
Hattah were the only lakes in which rushes and sedges comprised a significant
proportion of germinable propagules (Figure 7.2).

percentage of seedlings

100

Forbs

90

Grasses

80

Rushes/Sedges

70
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30
20
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0
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LHA

LHL

LBU

LAW

B

LYE

LMP

Figure 7.2. Percentage of total number of seedlings emerging from sub-samples of each
lake in major plant groups. Lake codes; LLO: Lockie, LHA: Hattah, LHL: Little Hattah, LBU:
Bulla, LAW: Arawak, B: Brockie, LYE: Yerang, LMP: Mournpall. N.B. Lakes are arranged in
order of filling by inflows as determined by MDBC (2005a).

The species richness of seedlings germinating from samples, pooled across watering
treatments, differed significantly (p < 0.05) between the seven wet-sampled lakes (i.e.
not including Lake Brockie) but differences between lake edge and lake centre
samples varied amongst lakes (Figure 7.3). In the most species rich lakes, edge zone
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samples tended to have more species than those from the centre zone. Similarly, in
Lake Brockie, species richness was significantly lower in samples from the lake
centre (Figure 7.4).
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Number of species
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Lockie
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Yerang

Mournpall

Figure 7.3. Species richness of seedlings germinating from samples from each zone of the
seven inundated lakes. (Data pooled for zone and water treatment, unidentifiable species
excluded.). Lakes are arranged in order of filling by inflows as determined by MDBC
(2005a).
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Figure 7.4. Mean species richness of seedlings emerging from Lake Brockie samples along
an elevational gradient from the lake edge (A) to the lake centre (E). Data pooled across
watering treatments. Error bars show standard deviation.

The total abundance of seedlings emerging from samples (with the exception of those
from Lake Brockie) was highly variable and did not vary predictably between lake
edge and lake centre samples (Figure 7.5). Significant differences were evident
between lakes however, and Lakes Lockie and Mournpall had the lowest abundance
of germinable propagules. The total abundance of seedlings germinating from Lake
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Brockie samples did not vary significantly along the elevational gradient from lake
edge to lake centre (data not presented here).
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Figure 7.5. Total number of seedlings germinating from samples from each zone of the
seven inundated lakes. (Data pooled for zone and water treatment). N.B. Lakes are
arranged in order of filling by inflows as determined by MDBC (2005a).

7.4 Discussion
Soil seed bank diversity of the lakes examined here is comparable to that of other
temporary lakes in the Murray-Darling basin in particular, e.g. the Narran Lakes
(James et al., 2007). There is no evidence to suggest these lake soil seed banks are
depleted and the vast majority of germinable propagules belong to desirable native
forb and grass species. Viable propagules of exotic species appear to be sparsely
distributed.
The soil seed banks of these lakes contain propagules that are likely to contribute to
plant recruitment both while lakes are full and during drawdown periods. While lakes
are flooded, soil seed banks may provide a source of propagules for the recruitment of
common aquatic plants of Australian inland rivers including Vallisneria sp. and
Myriophyllum sp. as well as charophytes and numerous emergent grass, rush and
sedge species. In shallowly inundated areas around lake edges, forbs including
Polygonum plebium, Limosellas australis and Glossostigma sp. may also become
established. The abundance and diversity of plant communities developing from soil
seed banks during submerged conditions will depend on hydrological characteristics
including flood duration and depth as well as factors such as turbidity.
As in other temporary wetlands, significant germination amongst the majority of soil
seed bank species in these lakes will probably only occur in response to damp rather
than submerged conditions following the recession of floodwaters (Capon in press).
During this time, extant vegetation of the lakebeds is likely to be at its most diverse
and productive.
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Dominant species germinating from the soil seed bank are likely to be similar in all of
the lakes studied here with the exception of Lakes Lockie and Mournpall which both
appear to have relatively depleted soil seed banks in terms of both abundance and
species richness of germinable propagules. Similarly, long periods of submergence,
up to 7 years (MDBC, 2005a) in Lake Mournpall, could mean soil seed banks are less
frequently replenished by drawdown germination events and also subject to more
losses of propagule viability as a result of flooding (Leck, 1989). Lakes Yerang and
Little Hattah may also have higher proportions of sedges and rushes germinating and
could therefore have greater emergent biomass during submergence. The most species
rich plant communities during the drawdown phase, probably dominated by forbs, are
likely to develop in Lakes Brockie and Little Hattah.
7.4.1 Summary
At a landscape scale, there is a reasonably diverse and abundant soil seed bank,
comprising over 30 species of predominantly forbs, grasses and sedges. Common and
widely distributed species included the grass Lachnagrostis filiformis, and the forbs
Polygonum plebeium, Chenopodium pumilio, Limosella australis and Elatine
gratioloides. Lake soil seed banks are overwhelmingly dominated by propagules of
native species (> 92% of all germinating seedlings), implying that there is excellent
potential for restoration of the lakes from pumping and ponding activities. Seedlings
belonging to exotic species germinated predominantly from Lake Brockie samples.
Soil seed banks of lake edges were generally more abundant and diverse than lake
centres. The seed bank potential of Lake Lockie and especially Lake Mournpall
appear to be relatively poor in terms of both abundance and species richness, and
would be expected to produce a more depauperate realised macrophyte community
than the other lakes. Overall however, it appears that germinable seed bank has
considerable potential, and is not limiting the development of diverse macrophyte
communities for the majority of the lakes.
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8. Macrophytes
8.1 Introduction
8.1.1 Background
Macrophytes play a crucial role in aquatic ecosystems by providing refuge and an
important food source for a multitude of organisms, such as macroinvertebrates, fish,
and waterfowl (Cooke, 1974). Aquatic plants also oxygenate water through
photosynthesis, and uptake nutrients from the sediment and water column (Boulton
and Brock, 1999).
Given the importance of macrophytes to wetland ecosystems, an important objective
of this study is to ascertain whether the pumping and ponding of water to the Hattah
Lakes leads to the development of an extensive and diverse macrophyte community.
This introductory section explores:
1) The rationale for the sampling regime adopted in this project.
2) Historical macrophyte records of the Hattah Lakes system.
3) Expectations of macrophyte community development after delivery of
water to the lakes.
4) Potential threats posed to the establishment and development of
macrophyte communities.
8.1.1.1 Sampling rationale

Currently, we are experiencing a time of severe drought and altered flow regimes.
Kingsford (2000) notes that possibly 50% of floodplains on developed rivers no
longer flood in Australia, and that the Murray-Darling basin is the worst affected, due
to the large number of dams along the system and the high rate of water extraction.
This has resulted in a decrease in the amount of water reaching the floodplain (see
Section 1.4). Regeneration of macrophyte populations is dependant on flow regime
(depth, duration, frequency, timing) and the hardiness and non-exhaustion of the seed
bank in each germination process (Boulton and Brock, 1999). Therefore, investigation
of how the water regime produced from pumping water into the Hattah Lakes affects
macrophyte community establishment will enhance our understanding of the seed
banks and their capacity for rehabilitation in this area. This will ultimately aid the
management of such floodplains.
The availability of good quality habitat for aquatic life is essential to the functioning
of ecosystems and maintenance of aquatic biodiversity. Therefore, the assessment of
aquatic habitat is a vital part of the overall assessment of the health of aquatic
ecosystems. Structural forms of macrophytes (e.g. submerged branched, emergent
tussock, etc) are an important measure because they reflect habitat complexity, which
enables a higher diversity of waterfowl, fish and macroinvertebrates to coexist. In
addition, measuring percentage cover indicates the quantity of available food for
birds, fish and macroinvertebrates, as well as a measure of cover from predators
(DeNie, 1987).
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It is also important to measure the potential of the seed bank, as early observations
indicated limited macrophyte establishment. By using the seedling emergence
technique we gain insight into the composition of the potential germinable seed bank
(Capon and Brock, 2006). This approach provided for an assessment of the impact of
an extended dry phase (>5 years) on the viability of the seed bank, and address the
concern that the germinable seed bank has been depleted due to the long dry phase.
This technique has previously been used to address a similar concern in the Bool and
Hacks lagoons (Nicol et al., 2003). The germinable seed bank at Hattah Lakes has
been detailed in Section 7, and these results can be compared to the field observations.
8.1.1.2. Past studies at Hattah Lakes

Previous studies of the Hattah Lakes system have mainly focused on water quality,
macroinvertebrates and fish, resulting in a distinct paucity of information concerning
observed macrophyte communities in these lakes.
The time-share flooding experiment conducted by the Land and Water Resources
Research and Development Corporation (LWRRDC) in the early 1990s did not
examine macrophytes because the system was mainly devoid of them due to high
turbidity. The only records of aquatic macrophytes in this study were at Lake Kramen,
which was dominated by Myriophyllum (Ward et al., 2000). Similarly, monitoring of
the Hattah Lakes in the early 1990s by the Victorian Water Quality Monitoring
Network (VWQMN) found only Cyperus rigidellus (Smith, 1996).
Despite the lack of macrophyte studies in the area, SKM (2004) provide a list of
important and threatened macrophytes of the Hattah-Kulkyne National Park,
including sedges and rushes, grasses, wetland herbs and floodplain herbs. See
Appendix 4.
SKM (2004) examined the specific water requirements of each species (flooding
duration and frequency required for germination and reproduction). However, the
scope of this study was constrained by the lack of information concerning the life
history pattern of plants exposed to water level fluctuations in Australia (Brock,
1991).
SKM (2004) ranked the key environmental processes and habitats of the Hattah
Lakes. They ranked the macrophyte zone as very important and the requirement of
periodic flooding and drying of the lakes as extremely important. This indicates that
the processes that maintain the seed bank and the macrophyte zone itself are of very
high ecological value in this National Park.
8.1.1.3 Expected macrophyte succession

It is expected that seeds or fragments of aquatic plants may be dispersed throughout
the Hattah Lakes via pumping of water from the Murray River. Additionally, the
establishment of macrophyte communities relies heavily on the germination of the
pre-existing, dormant propagules of the seed bank (Casanova and Brock, 2000).
Germination is dependent on the hydrological regime experienced, that is: depth,
duration and frequency of flooding (Brock, 1986; Nicol, et al., 2003), which are
inherently unpredictable in this semi-arid floodplain environment. Consequently, soil
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seed banks in temporary wetlands are typically dominated by annual and short-lived
grass, sedge and forb species which produce large numbers of small propagules that
are easily dispersed and incorporated into the soil (Brock et al., 2003; Capon and
Brock, 2006; James et al., 2007). Perennial species that allocate more resources
towards the tolerance of disturbances as mature individuals, especially trees and
shrubs, tend to be poorly represented or absent from wetland soil seed banks (Leck,
1989; Capon and Brock, 2006; James et al., 2007).
This study monitored lakes filled at various stages from most recently filled, to those
filled 18 months previously. Pumping of water into the system ceased in late 2006.
Therefore, this study monitored lakes during both wetting and drying phases.
Wetting Phase

Seed banks may consist of species that respond to permanent inundation, and
drawdown effects (Capon and Brock, 2006). Depending on the potential of the seed
bank, we would expect to see germination of species adapted to these processes
accordingly.
As duration of flooding increases, a decrease in species diversity may be expected.
For example, Nielsen and Chick (1997) created artificial billabongs on the floodplain
of the Murray River. Some of these billabongs were exposed to prolonged inundation,
which decreased the number of taxa found, increasing homogeneity. Likewise,
Cassanova and Brock (2000) found species diversity to decrease as duration of
flooding increased. Nicol et al. (2003) also found areas of the Bool and Hacks
Lagoons (NSW) that were flooded for 98 days to be dominated by submerged aquatic
plants. Therefore, in the more permanent lakes of the Hattah Lakes system we would
expect submerged macrophyte communities to dominate these flooded areas.
Germination of wetland seed banks tends to be higher when the soil is wetted with
good drainage rather than being inundated (Nicol et al., 2003; Capon and Brock,
2006). Once plants have emerged from the seed bank, with continued wetting an
increase in cover with growth of the plants and further germination is expected
(Capon, 2003). Therefore, we would expect to see higher species diversity in areas
around the lake where the soil is moist but still exhibits good drainage.
Drying Phase

As the water level of the lakes recedes, a reduction in abundance/biomass of
submerged species is anticipated to occur, with a shift towards more semi-aquatic and
terrestrial species. The dynamics and extent of this shift is dependent on the potential
of the seed bank.
8.1.1.4 Threats

Macrophyte communities of the Hattah Lakes system will potentially be exposed to a
number of threats.
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Changed water regime

The pumping of water into the Hattah Lakes will not necessarily mimic natural
flooding regimes. Lakes that are flooded in summer may produce a much lower
species diversity than if they were flooded in spring. This could be due to natural
germination cues, as well as the increased allocthonus input from river red gums in
the summer months. A combination of high organic matter, increasing concentrations
of dissolved organic carbon and high temperatures can create blackwater events. This
reduces light availability and dissolved oxygen, which are potentially lethal
conditions for macrophytes (Robertson et al., 2001).
Turbidity

Historically, common carp (Cyprinus carpio) were widely distributed within the
Hattah Lakes complex (Souter, 1996). The occurrence of common carp typically
translates to a decrease in macrophyte diversity and abundance due to an increase in
turbidity (SKM, 2004). Through their feeding process, common carp may resuspend
sediments or directly uproot plants (especially small fine rooted species) (Boulton and
Brock, 1999). Turbidity is a major limiting factor to macrophyte growth as increasing
turbidity decreases light availability required for photosynthesis (Blanch et al., 1998;
Closs et al., 2004; Boulton and Brock, 1999).
Due to river regulation and the current drought, the lakes were dry for several years
prior to the first pumping event in April 2005. Pumping has limited the passage of
common carp onto the floodplain, with only one individual being sampled in the fish
survey (Section 4). This finding has important implications for aquatic macrophyte
communities and may promote the establishment of aquatic macrophyte communities
within the Hattah Lakes.
Algal Blooms

As some of the lakes in the Hattah Lakes system have been dry for many years, the
accumulation of nutrients in the lakebed through organic matter and animal faeces is
potentially high. In addition to light and temperature, concentrated levels of
phosphorus and nitrogen are key factors in the promotion of algal growth. Algal
blooms can cause a significant decline in light penetration, altering the underwater
light field and the amount of PAR available to planktonic and benthic communities
(Bailey et al., 2002). Respiration by algal cells, and the heterotrophic breakdown of
decaying algal cells, can cause a significant biological oxygen demand and decrease
in oxygen concentration in the water column. The onset of anoxic conditions can
increase internal phosphorus loading via the release of sediment bound phosphorus.
This effect is further exacerbated by the return of nutrients to the system as algae and
macrophytes senesce.
Wave Action

Timms (2001) and Closs et al. (2004) recognize the vulnerability of water dependent
macrophytes to wind and wave action, which can unroot them and leave them washed
up on shore. Therefore, we would expect to find species such as Myriophyllum
restricted to more sheltered areas (Blanch et al., 1998; SKM, 2004). However, the
plasticity of some plants can allow them to overcome such barriers. Myriophyllum
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variifolium can use the wind and wave action to its advantage as it can reproduce
asexually (breaking off of clumps of the plant) as well as sexually (seeds to seed
bank). Clumps of plant can move across the lake aided by the wind or wave action,
ultimately dispersing the plant.
Flow Alteration

Alteration to the natural flooding regime of the Murray River and its surrounding
floodplain environments could potentially threaten the viability of the seed banks of
wetland plants. Reduced germination events result in fewer additions to the seed bank,
and the reduction in flooding adversely affects seed dispersal that is usually aided by
floodwaters (Capon and Brock, 2006). Therefore, the abundance and diversity of the
seed banks of the less regularly flooded lakes of the Hattah Lakes system may decline
purely through seed mortality and predation (e.g. by ants).
Grazing

Grazing by animals on emerging plants is also a potential threat. Grazing can occur by
waterbirds such as swans and ducks and also native animals such as kangaroos.
Siebentritt et al. (2004) found wetland plants to decline due to grazing by kangaroos.
The effects of grazing may be exacerbated by the ongoing drought, causing higher
intensity grazing on new growth in the lake shore zone at a time when other suitable
food opportunities are scarce.
8.1.2 Objectives
The primary objective of the vegetation studies was to:
• Assess whether a diverse macrophyte community develops in response to the

managed flooding (a Living Murray objective, and also important habitat to assist
achieving bird and fish objectives).
In addition to this objective, four vegetation hypotheses were identified by McCarthy
et al. (2006b) for the pumped water management interventions of The Living Murray
Outcomes Evaluation Framework (MDBC, 2006b). These hypotheses are detailed in
Table 8.1.
Table 8.1. Intervention monitoring (pumping) hypotheses for vegetation
(McCarthy et al., 2006b).
Hypothesis

Ecological
effect

Ranking

Suitable habitat for native vegetation will be created or maintained
through pumping to retaining sites without refugia

+

3

Native vegetation will germinate and recruit through pumping to
retaining sites with refugia

+

8

Suitable habitat for weed vegetation will be created or maintained
through pumping to retaining sites without refugia

-

13

Suitable habitat for native vegetation will be created or maintained
through pumping to retaining sites with refugia

+

17
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8.1.3 Structure of macrophyte section
There are three components to the macrophyte study:
Part 1 describes the structural form and percentage cover of macrophytes recorded
within habitat plot assessments.
Part 2 describes the lakebed macrophyte communities occurring at eight inundated
wetlands of the Hattah Lakes system.
Part 3 describes the temporal response of lakebed macrophyte communities at Lake
Brockie to the pumping intervention in comparison to a control lake (Lake Boich).
Each part is presented in separate sections within the methods and results sections,
and integrated into a single discussion section.

8.2 Methods
8.2.1 Part 1: Structural form and cover
8.2.1.1 Sampling overview

Macrophyte structural form and percentage cover were recorded for each habitat plot
around each lake within each season. The sampling program is outlined in Table 8.2.
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Table 8.2. Sampling program for macrophyte observations of lakes within the
Hattah Lakes system. N = not sampled, Y = sampled
Waterbody
Lake (site)
Bulla A
Bulla B
Bulla C
Yerang A
Yerang B
Yerang C
Arawak A
Arawak B
Arawak C
Lockie A
Lockie B
Lockie C
Lockie D
Mournpall A
Mournpall B
Mournpall C
Mournpall D
Hattah A
Hattah B
Hattah C
Hattah D
Little Hattah A
Little Hattah B
Brockie A
Brockie B
Brockie C
Nip Nip A
Unnamed temp wetland A
Creek (site)
Chalka Ck (nr Murray R)
Chalka Ck (half way along Stockyard Tk)
Chalka Ck (Boolungal Crossing)

Dec 06

Feb 07

May 07

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
N
N
N
N

N
N
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
N
Y
Y
Y
Y
Y

N
N
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
N
Y
Y
Y
N
N

Y
Y
Y

Y
Y
Y

Y
Y
Y

8.2.1.2 Sampling methods

Macrophyte surveys were a component of more detailed habitat assessment performed
at each lake. The habitat assessment methodology used for this project is based on the
‘Lake Habitat Survey’ method of Rowen et al. (2004) developed for the UK. The lake
is assessed at a range of scales including whole lake assessments, lake quarter
assessments and more detailed assessment at between 4 and 6 ‘habitat plots’. The first
habitat plot is selected randomly and the others are spaced regularly around the lake
from this point. The habitat plots are further divided into ‘riparian’, ‘shore’ and
‘littoral’ zones that are assessed separately. The results of this section are based on the
‘littoral’ zone assessments (see Appendix 6 for a copy of the field sheet).
The littoral zone of each habitat plot was defined by a 15m x 10m quadrat running
parallel to the shore and extending from the waterline into the water to a distance of
10m (or the maximum wading point). Within each quadrat the macrophyte type (e.g.
emergent reed like, submerged feather like, etc) and percentage cover were visually
measured. If the water was turbid, the littoral habitat plot was waded thoroughly and a
best estimate of percent cover was recorded.
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8.2.2 Part 2: Lakebed macrophyte communities
8.2.2.1 Field surveys

Lakebed vegetation surveys were conducted at eight wetlands (Figure 8.1) between 28
March 2007 – 4 April 2007 to identify the vegetation assemblages present following
the pumping management intervention. For each lake, the lake circumference was
measured using ArcView 3.1 (River Murray Mapping 2nd Ed.) and a point was
randomly selected along it. A point was established in the centre of the lakebed and a
straight line drawn between the two points. Two straight lines were drawn from the
central point at 120o and 240o to this line to obtain good spatial coverage of the
wetland. The three sites were selected at the points at which the three lines intersected
the water’s edge (Figure 8.1).
At each site, five 15m x 1m quadrats were established at vertical elevations of -60cm,
-30cm, 0cm, +30cm and +60cm parallel to the water line. The +30cm and +60cm
quadrats were established with a theodolite and staff. For each 1m x 1m cell, any
enclosed species deemed alive was recorded as present (Nicol et al., 2007). No
attempt was made to determine the percentage cover of each species. Rather, a semiquantitative measure of abundance was derived by counting the number of times a
particular species occurred within the 15 cells of a quadrat (or 45 cells for the three
replicate quadrates at a particular lake elevation).

Mournpall
Yerang

Chalka Ck

Lockie

Little Hattah
Brockie
Hattah

Bulla
Arawak

Figure 8.1. Lakebed vegetation assessment sites within the Hattah Lakes study area.
Yellow circles depict the sites for each transect (-60cm, -30cm, 0, +30cm, +60cm from
the waterline on the day of sampling).
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8.2.2.2 Statistical analyses

Multivariate patterns in vegetation community abundance across lakes and elevations
were analysed by combining a non-parametric with a parametric approach (after
Anderson and Willis, 2003). Species richness, which was measured simply as the total
count of species, was analysed parametrically in a univariate context.
Non-metric multidimensional scaling (PRIMER v6, MDS: Clarke and Gorley, 2006)
was used as a first step to visualise patterns and interactions in species abundance,
following √-transformation of the data and using a Bray-Curtis dissimilarity corrected
for zero values (Clarke et al., 2006). The original data matrix consisted of 129 rows ×
111 columns (species). The rows resulted from combinations of 9 lakes (Arawak,
Brockie, Bulla, Chalka, Hattah, Little Hattah, Lockie, Mournpall, Yerang) and 5
elevations (−60, −30, 0, +30, +60 cm; except for Little Hattah and Yerang for which
elevation −60 was not sampled), with 3 replicates per combination. From an
experimental design point of view, this corresponded to an unbalanced two-way
crossed plan (Quinn and Keough, 2002). The latter was analysed by permutational
multivariate analysis of variance (PERMANOVA), with manual specification of the
orthogonal design matrices (program XMATRIX: Anderson, 2003) and separate
testing of the main (Lake, Elevation: both fixed) and interaction (Lake × Elevation)
effects with program DISTLM (Anderson, 2004a). Data were again √-transformed
and an uncorrected Bray-Curtis dissimilarity index used for the analyses, as available
in program DISTLM.
Following PERMANOVA, characterisation and selection of the species responsible
for multivariate patterns was by a combination of the results from the non-parametric
BEST routine of PRIMER v6 and from a canonical discriminant analysis of the
principal coordinates (CAP: Anderson and Willis, 2003). Specifically, method
BVSTEP of routine BEST was run with both 10 and 20 starting variables (using
Spearman rank correlation), and the resulting sub-set of species was then
preliminarily selected based on their highest frequency in the output (out of 100
restarts). For CAP, choice of m (the number of principal coordinate axes to include in
the analysis) was automatic with 9999 permutations for the tests of significance
(program CAP: Anderson 2004b) and this was followed by selection of species based
on a correlation value with the first axis of variation |r| ≥ 0.20 (Anderson and Willis,
2003). The first five species (based on their CAP correlation value) selected by both
BEST and CAP were chosen as ‘best’ descriptors of the multivariate patterns, and a
MDS analysis re-run on the reduced data-set (i.e. including only the selected species)
to double-check that the patterns resulting from the full data-set were preserved.
Visualisation of the species responsible for differences between lakes and elevations
was then achieved by superimposing individual species abundances on MDS plots of
simple-main effects (sensu Kirk, 1995) by means of bubble-charts, including the sites
as replicates. Finally, as PERMANOVA does not allow easy implementation of tests
of simple-main effects following a significant interaction, the non-parametric routine
ANOSIM of PRIMER v6 was used in lieu, with the resulting matrix of pair-wise tests
subjected to a further MDS to visualise relationships between lakes at the different
elevations (pooled over the replicate sites).
Differences in species richness between lakes and elevations were also tested using
the same unbalanced two-way crossed design and approach as implemented for
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species abundance, with the only difference that the response matrix consisted of a
single variable (hence, strictly, PERANOVA).
8.2.3 Part 3: Temporal response of lakebed macrophytes to pumping
8.2.3.1 Field surveys

Fixed quadrats were established at 0.5m elevations at Lake Brockie and Lake Boich in
the expectation that both of these dry lakes would receive pumped water. Due to an
earlier cessation of pumping than originally planned, water filled Lake Brockie but
did not reach Lake Boich. As such, a BACI experimental design was employed where
Lake Brockie was nominated as a treatment site (received pumped water) and Lake
Boich an experimental control site (did not receive pumped water) to assess the
effects of the pumping intervention upon the lakebed vegetation communities.
For each lake, a point was randomly selected along the circumference of each lake
and a straight line drawn between this point and the deepest point on the lakebed
(determined from a DEM). Two straight lines were drawn from the deepest point at
120o and 240o to the line. The most elevated quadrat (15m x 1m) was established at
the estimated full waterline (lakes were dry). Using this point as a reference, further
transects were established at 0.5m vertical elevations along each of the three lines
using a theodolite and staff (Figure 8.2). This resulted in five and three elevations
being established in Lake Brockie and Lake Boich, respectively. Only quadrats at the
three most elevated quadrats (A, B & C where A was at the highest elevation) were
investigated due to the flooding of Lake Brockie preventing access to the quadrats at
the two lowest elevations at the time of the ‘after’ survey.
Surveys of the lakebed vegetation were undertaken at each quadrat following the
method described for the lakebed assessment (Section 8.2.2). The ‘before’ vegetation
surveys were undertaken between 23 October – 20 November 2006 prior to Lake
Brockie receiving pumped water. The ‘after’ surveys for each lake were conducted
between 26 – 28 March 2007.
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Figure 8.2. Fixed quadrat assessment sites at Lake Brockie (treatment) and Lake Boich
(control) within the Hattah Lakes system. Paired yellow circles depict the sites for each
fixed quadrat.

8.2.3.2 Statistical analyses

A similar statistical approach as per Section 8.2.2.2 was followed, with the following
notable differences. The data matrix was 36 × 59 (species), the rows resulting from
combinations of 2 lakes (Boich: control; Brockie: treatment), 2 periods (pre- and postintervention) and 3 elevations (A, B, C), with 3 replicates per combination. The
experimental design was a spit-plot factorial (SPF-2,3·3: Kirk, 1995; Vilizzi, 2005)
with two between-block (crossed) factors (i.e. Lake and Elevation: fixed), and one
within-block factor (Period: fixed), with the replicates as blocks (nested within the
Lake × Elevation combinations). Specification of the design matrices for all effects
and error terms was manual (program XMATRIX: Anderson, 2003), with
permutations of the observations for the between-block effects restricted to within the
blocks. For selection of variables, BVSTEP and CAP were again used in tandem and
on each significant interaction term separately.
The same experimental design as above, albeit in a univariate context, was applied to
test for differences in species richness. These were followed, if significant, by Šidakadjusted pair-wise tests (SPSS v15).
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8.3 Results
8.3.1 Part 1: Structural form and cover
Macrophyte observations from December in 2006, February 2007 and May 2007 were
collated according to percentage cover. Table 8.3 summarises this data, which were
recorded from the macroinvertebrate sampling sites.
The observations in Table 8.3 show that the lakes vary greatly in the amount and type
of macrophytes present over time. Lake Yerang and the Chalka Creek sites
consistently show the highest cover of macrophytes.
The first sampling event (December 2006) showed that very few macrophytes had
established within the lakes, with the exception of Lake Yerang and Chalka Creek site
C. Generally in the other lakes and creek sites, macrophyte cover was either nonexistent (0%) or very low (1-10%).
In the next sampling event (February 2007) macrophyte cover increased in most lakes
and Chalka Creek site B. However this pattern was not observed in Lake Arawak or
Lake Mournpall. The soils seed bank study (Section 7) also found a similar trend with
Lake Mournpall, as it had the lowest seedling abundance and diversity. The water
quality data for both lakes during this period indicated extremely low levels of
dissolved oxygen in these lakes.
In the final sampling event (May 2007), macrophytes appeared in lakes where they
had previously not been recorded (e.g. Lakes Arawak and Mournpall site B & D),
however percentage cover and number of macrophyte substructures had decreased in
some of the lake and creek sites (e.g. Hattah D and Lockie B). Lake Yerang was by
far the most productive lake in terms of macrophytes in May 2007, with all 3 sites
recording cover of >75%.
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Table 8.3. Macrophyte percent cover observations of 10 lakes and 3 creek sites
within the Hattah Lakes complex from 3 sampling occasions from 2006-2007. N =
Not Sampled
Waterbody
Lake (site)
Bulla A
Bulla B
Bulla C
Yerang A
Yerang B
Yerang C
Arawak A
Arawak B
Arawak C
Lockie A
Lockie B
Lockie C
Lockie D
Mournpall A
Mournpall B
Mournpall C
Mournpall D
Hattah A
Hattah B
Hattah C
Hattah D
Little Hattah A
Little Hattah B
Brockie A
Brockie B
Brockie C
Nip Nip A
Unnamed temp
wetland A

Dec 06
%
cover
0
0
0
10-40
10-40
10-40
0
0
0
1-10
0
1-10
1-10
0
0
1-10
0
0
<1
0
0
1-10
0
N
N
N
N

Feb 07
%
cover
N
N
N
>75
10-40
>75
0
0
0
40-75
>75
0
1-10
0
0
1-10
0
0
<1
<1
10-40
N
N
0
10-40
0
0

May 07
%
cover
N
N
N
>75
>75
>75
1-10
0
1-10
0
0
1-10
1-10
0
1-10
1-10
1-10
1-10
0
1-10
1-10
N
N
1-10
0
0
N

Dec 06
Structural
forms
0
0
0
SG, SB
SF, SG, SB
FR
0
0
0
SG, SB
SB
SF
SB
0
0
ER
0
0
SB
0
0
ER, EG
0
N
N
N
N

Feb 07
Structural
forms
N
N
N
SS, SB
SF, SB
SF, SB, FF
0
0
0
SB
SF, SB, FR
0
SB
0
0
ER
0
0
SB
SS
SF,SS
N
N
0
FF
0
0

May 07
Structural
forms
N
N
N
SF, SB
SF, SS
SF, SS
SF,SB
0
SF,SS, ER
0
0
SF
SF
0
ER,EB
ER
ER
ER
0
SS
SS
N
N
ER
0
0
N

N

40-75

N

N

SB, FR

N

Creek (site)
Chalka Ck (nr
Murray R)
1-10
65-90
10-35
Chalka Ck (half
way along
Stockyard Tk)
1-10
1-10
1-10
Chalka Ck
(Boolungal
65-90
10-35
10-35
Crossing)
SG= submerged grass like, SB= submerged branched form, SF= submerged feather-like, SS=
submerged broad strap like, FF= free floating, FR= floating leaves but rooted, ER= emergent rush like,
EG=emergent grass like, EB= emergent branched form.

8.3.2 Part 2: Lakebed macrophyte communities
A total of 115 taxa belonging to 34 families were recorded across the nine wetlands
surveyed (Appendix 5). The majority of these taxa (78%) were native. The five most
abundant species above the waterline (+30, +60cm elevations) and at or below the
waterline (0, -30, -60cm elevations) are listed in Table 8.4. Sampling at all wetlands
occurred >3 months following the cessation of pumping as water levels were receding
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through evaporation (see Figure 3.1). As a result, the sampling of the above the
waterline elevations often included the macrophyte-rich and abundant ‘strandlines’
that had formed at and below the maximum waterline (see photopoints of Section 10).
Table 8.4. Five most abundant macrophyte species (family) occurring above and
below the waterline.
Above waterline

Below waterline

(+30, +60cm elevations)

(0, -30, -60cm elevations)

Epaltes australis (Asteraceae)

Myriophyllum verrucosum (Halarogaceae)

Morgania floribunda (Scrophulariaceae)

Elatine gratioloides (Elatinaceae)

Centipeda minima (Asteraceae)

Eucalyptus camaldulensis (Myrtaceae)

Eucalyptus camaldulensis (Myrtaceae)

Chara australis (Characeae)

Chenopodium pumilio (Chenopodiaceae)

Vallisneria americana (Hydrocharitaceae)

Macrophyte community abundance varied amongst wetlands at the different
elevations surveyed, as demonstrated by the statistically significant interaction
between Lake and Elevation (Table 8.5). This was supported by ANOSIM tests for all
simple-effects, showing differences between lakes at all elevations (Table 8.5). The
five species that best described the multivatiate patterns of variation were Chara
australis, Epaltes australis, Eucalyptus camaldulensis, Morgania floribunda and
Myriophyllum verrucosum (Figure 8.3). These species were each abundant within the
Hattah Lakes system and were represented in Table 8.4. Specifically, the algae C.
australis was found exclusively at Chalka Creek and only at elevations from –60cm to
0; the annual forb E. australis was present at Lakes Arawak, Bulla, Hattah, Little
Hattah and Mournpall at elevations +30cm and +60cm; E. camaldulensis was more
ubiquitous, but its distribution across elevations was variable, reflecting its occurrence
as established saplings on some lakebeds and as seedlings at elevations above the
waterline; the perennial forb M. floribunda was sampled only above the waterline and
predominantly at Lakes Arawak, Bulla, Hattah, Little Hattah and Mournpall; finally,
the perennial aquatic forb M. verrucosum was distributed at all elevations (with
different growth forms), but was more widespread at elevation 0 and restricted to
fewer lakes at the other elevations (Figure 8.3).
Macrophyte species richness differed between wetlands and elevation, as shown by
the statistically significant interaction between Lake and Elevation (Table 8.5, Figure
8.4). A much higher number of taxa occurred at the +30 and +60cm elevations
(Figure 8.4). Species richness was comparatively lower at Chalka Creek, Lake Little
Hattah and Lake Yerang at these above-waterline elevations. No clear pattern was
distinguishable at the lower elevations (0, -30, -60cm) where richness always
remained low.
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Table 8.5. PER(M)ANOVA results on vegetation abundance and richness for a
two-way crossed design with Lake and Elevation as the main effects. The
breakdown into simple-main effects of the interaction term is also shown (cf.
Figs 1 and 2). Statistically significant effects in bold (α = 0.05).

Source
Abundance
Lake
Elevation
Lake × Elevation
Lake at 60
Lake at 30
Lake at 0
Lake at −30
Lake at −60
Error
Richness
Lake
Elevation
Lake × Elevation
Error
†

df

MS
8 10591.66
4 37838.77
32 4184.81

84

1414.39

8
4
32
84

32.90
1465.57
53.58
10.98

F#

p†

7.48
26.75
2.96

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

2.99
133.44
4.88

0.004
< 0.001
< 0.001

ANOSIM probability value
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Lakes

Chara australis
2D Stress: 0.07

Arawak
Bulla Little Hattah
Mournpall

Chalka

Yerang

Mo
Ha

Lo

Brockie

Ha
Br Mo
Br

Ha
Br Mo
Br

Lakes @ 60
2D Stress: 0.04

Yerang
Chalka

Br

Lh

Lo

Ye

Ch

Ye

Ha
Bu
HA
ar
Mo
Lh Ha Ar
BMO
r Bu
ArBu

Mournpall

Ch

Lakes @ 30
2D Stress: 0.07

Mournpall

Lockie
Yerang

Little Hattah
Arawak

Br

Lh

Lo

Ye

Ye

Ha
Bu
HA
ar
Mo
Lh Ha Ar
BMO
r Bu
ArBu

Mo

Ch

Morgania floribunda

Myriophyllum verrucosum

2D Stress: 0.13

Ch

ChCh

Lh

Lo

Ha
Bu
HA
ar
Mo
Lh Ha Ar
BMO
r Bu
ArBu

2D Stress: 0.13

Lh
Br

Lo

Ch
Ye

Ch

Ch

Ch

Mo

Eucalyptus camaldulensis

2D Stress: 0.13

2D
Br Stress: 0.15
Lo
Ye

Lh

Lo

Ch
Ye

Ha
Bu
HA
ar
Mo
Lh Ha Ar
BMO
r Bu
ArBu

ChCh

Bulla

Lh

Ch

Ch

Myriophyllum verrucosum

2D
Br Stress: 0.15
Ch

Mo

Epaltes australis

Brockie

Br
Lo

Mo
Lockie

Lo

Lo
Ye

Lh

Lo

Ch
Ye

Mo
Ha
Ha
Br Mo
Br

Morgania floribunda

2D
Br Stress: 0.15
Lo
Ye

ArBu
Ha Bu
Ch Ha Mo
Ar
Br Br
Mo
LhLo
Lh
Lo
Ye
Ye
Ch

Bu
Br Ar
Bu
Lo

Lo

Lh

Lo

Ch
Ye

Brockie

Ha
Br Mo
Br

Eucalyptus camaldulensis

2D
Br Stress: 0.15
Ch

Mo
Ha

2D Stress: 0.12

Ch
Ch
Ye
Ye Ch
Lh Lh
Ar
Lo
ArMo
Bu
Ha

ArBu
Ha Bu
Ch Ha Mo
Ar
Br Br
Mo
LhLo
Lh
Lo
Ye
Ye
Ch

Bu
Br Ar
Bu
Lo

Lo

Lo
Ye

Hattah
Bulla
Arawak

Ha
Br Mo
Br

Epaltes australis

Little Hattah

Mo
Ha

Myriophyllum verrucosum

2D Stress: 0.12

Ch
Ch
Ye
Ye Ch
Lh Lh
Ar
Lo
ArMo
Ha
Bu

ArBu
Ha Bu
Ch Ha Mo
Ar
Br Br
Mo
LhLo
Lh
Lo
Ye
Ye
Ch

Bu
Br Ar
Bu
Lo

Lo

Lo

Lockie

Mo
Ha

Morgania floribunda

2D Stress: 0.12

Ch
Ch
Ye
Ye Ch
Lh Lh
Ar
Lo
ArMo
Ha
Bu

ArBu
Ha Bu
Ch Ha Mo
Ar
Br Br
Mo
LhLo
Lh
Lo
Ye
Ye
Ch

Bu
Br Ar
Bu
Lo

Eucalyptus camaldulensis

2D Stress: 0.12

Ch
Ch
Ye
Ye Ch
Lh Lh
Ar
Lo
ArMo
Ha
Bu

ArBu
Ha Bu
Ch Ha Mo
Ar
Br Br
Mo
LhLo
Lh
Lo
Ye
Ye
Ch

Bu
Br Ar
Bu

Hattah

Epaltes australis

2D Stress: 0.12

Ch
Ch
Ye
Ye Ch
Lh Lh
Ar
Lo
ArMo
Ha
Bu

2D Stress: 0.13

Ch

ChCh

ChCh

Ye Lo
Lo
Ye
AHa
r Lh
Ar
Ha
Ye
u
Mo
A
rBB
u
B
r LhLo
Br
Mo
BrB
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Figure 8.3. MDS plots for the Lake × Elevation interaction effect and resulting simple-main effects of Lake at Elevation on species abundance (cf.
Table 8.5). The five main species responsible for the patterns in vegetation community composition are superimposed in the bubble plots (bubble size
proportional to species abundance).
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Figure 8.4. Species richness for all lakes at the different elevations and at each individual elevation (cf. Table 8.5).

Hattah Lakes Intervention Monitoring 2006/07 - Final Report

115

Of the wetlands sampled, Lake Yerang contained the most abundant aquatic macrophyte
community where Vallisneria americana and Myriophyllum verrucosum occurred at high
densities over most of the submerged region of this shallow lakebed (Figure 8.5). These
results are similar to that observed in the habitat plot assessments of Section 8.3.1.

A

B

Figure 8.5. Photographs of some of the submerged macrophytes present at (A) Lake Yerang
(Vallisneria americana) and (B) Chalka Creek (Myriophyllum verrucosum) during the study
period.

8.3.3 Part 3: Temporal response of lakebed macrophytes to pumping
The pumped inflows at Lake Brockie resulted in the water level not reaching the quadrats at
elevation A, but inundating all lower quadrats. At the time of the ‘after’ sampling event,
only the three most elevated quadrats at Lake Brockie (A, B and C) were accessible for
sampling, with the quadrats at elevation C being inundated by c. 10cm of water at this time.
A total of 59 taxa were recorded at Lakes Brockie and Boich during this component of the
study. The five most dominant species (in descending order) at each lake and from each
sampling time are shown in Table 8.6.
For vegetation community abundance, there were statistically significant interactions
between Lake and Elevation, Lake and Period, and Elevation and Period. The highest-order
interaction between Lake, Elevation and Period was not statistically significant (Table 8.7).
ANOSIM tests revealed significant differences for all three sets of simple-main effects with
the exception of the Elevation at Pre effect resulting from the Elevation × Period interaction
(Table 8.7).
For species richness, all effects in the design were statistically significant, so that the highest
order Lake × Elevation × Period interaction will be examined (Table 8.7, Figure 8.6). Thus,
richness at Lake Boich was highest after the (null) intervention at all elevations, whereas at
Lake Brockie richness increased significantly only at elevation B following the (actual)
intervention, and notably this was highest compared to all other combinations.
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Table 8.6. The five most abundant macrophyte species at Lakes Brockie and Boich
before and after Lake Brockie received pumped water.
‘Before’ survey

‘After’ survey

Lake Brockie (treatment)

Lake Brockie (treatment)

Eucalyptus camaldulensis

Eucalyptus camaldulensis

Podolepis capillaries

Epaltes australis

Bromus molliformis*

Isolepis sp2.

Sclerolaeana pardoxa

Chenopodium pumilio

Vulpia myuros*

Glinus lotoides

Lake Boich (control)

Lake Boich (control)

Glycyrrhiza acanthocarpa

Glycyrrhiza acanthocarpa

Maireana microcarpa

Medicago minima*

Sclerolaeana pardoxa

Isolepis sp1.

Stipa sp.

Phyllanthus lacunarius

Rhagodia nutans

Isolepis sp2.

*exotic species

Hattah Lakes Intervention Monitoring 2006/07 - Final Report

117

Table 8.7. PER(M)ANOVA results on vegetation abundance and richness for a split-plot
factorial design with Lake and Elevation as the between-block effects, and Period as
the within-block effects. The breakdown into simple-main effects for each of the
statistically significant (α = 0.05, in bold) interaction terms is also shown (cf. Figure
8.6).

Source

†

Abundance
Between blocks
Lake
Elevation
Lake × Elevation
Lake at A
Lake at B
Lake at C
Blocks(Lake × Elevation)
Within blocks
Period
Lake × Period
Lake at Pre
Lake at Post
Elevation × Period
Elevation at Pre
Elevation at Post
Lake × Elevation × Period
Period × Blocks(Lake ×
Elevation)
Richness
Between blocks
Lake
Elevation
Lake × Elevation
Blocks(Lake × Elevation)
Within blocks
Period
Lake × Period
Elevation × Period
Lake × Elevation × Period
Period × Blocks(Lake ×
Elevation)

df

MS

1 29879.21
2 7431.26
2 6156.58

F#

p†

27.17
6.76
5.60

< 0.001
< 0.001
< 0.001
0.009
0.011
0.002

1 17200.50
1 3484.90

5.29
3.10

2

3594.96

3.19

2

1762.42

1.57

< 0.001
0.006
< 0.001
< 0.001
< 0.001
0.243
0.003
0.098

12

1124.93

1
2
2
4

66.69
89.19
43.86
3.58

18.61
24.89
12.24

0.009
0.003
0.016

1
1
2
2

200.69
26.69
56.69
16.69

85.00
11.30
24.01
7.07

< 0.001
0.005
< 0.001
0.010

12

2.36

4

1099.63

ANOSIM probability value

The five main species responsible for the patterns of variation between lakes at the different
elevations (i.e. Lake × Elevation interaction), between lakes pre- and post-intervention (i.e.
Lake × Period interaction), and between elevations pre- and post-intervention (i.e. Elevation
× Period interaction) are presented in Table 8.8. A description of the distribution of each of
these species is provided.
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Table 8.8. The five main species responsible for the patterns of variation for the three
significant interaction terms.
Lake x Elevation

Distribution

Epaltes australis

Present only at elevation B at Lake Brockie

Eucalyptus camaldulensis

Present at elevation A in Lake Boich and at elevations B and C in
Lake Brockie

Glycyrrhiza acanthocarpa

More abundant at Lake Boich relative to Lake Brockie (where
only found at elevation B)

Medicago minima

More abundant at Lake Boich but present in very low
abundances at elevations A and B in Lake Brockie

Sclerolaeana paradoxa

More abundant in Lake Boich at elevations A and B, but found in
similar abundances in both lakes at elevation C.

Lake × Period
Chenopodium pumilio

Only present before the intervention at Lake Brockie and Lake
Boich

Isolepis sp.2

Only present before the intervention predominantly at Lake
Brockie

Medicago minima

More widespread at Lake Boich

Stipa sp.

Present in similar abundances at Lake Boich and Lake Brockie

Vulpia myuros

Present in similar abundances at Lake Boich and Lake Brockie

Elevation x Period
Chenopodium pumilio

Present following the intervention at elevations A and B

Epaltes australis

Present following the intervention at all elevations

Isolepis sp. 2

Present following the intervention at all elevations

Medicago minima

Present following the intervention at all elevations

Stipa sp.

Only present before the intervention at elevations A and B
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Figure 8.6. Species richness for Lakes Brockie (treatment) and Boich (control) at three different
elevations (A, B & C) pre- and post- intervention (cf. Table 8.7).

8.4 Discussion
8.4.1 Lakebed macrophytes
The gradual development of macrophytes in the Hattah Lakes system during the study
period (Part 1) may be explained by several factors. One factor may be the water regime
required by the seed bank. Some species of macrophytes require damp, well drained soil
rather than inundated conditions for widespread germination (Capon and Brock, 2006). This
exposure of lakebed substrate as the water levels in the lake receded (see Figure 3.1) may
explain why macrophytes began appearing in the lakes in February and May 2007 where
they had not previously (e.g. Lake Hattah and Brockie; see Table 8.3). In particular, the
lakebed macrophyte survey (Part 2) undertaken in March-April 2007 sampled a diverse and
abundant macrophyte community at the +30 and +60cm elevations above the waterline at all
lakes. The quadrats at these elevations often sampled ‘strandlines’ that contained abundant
and diverse macrophyte communities. Nicol (2004) demonstrated that these strandlines
(which form as lake levels fall) contain a much greater concentration of seeds than adjacent
areas. In addition, the accumulation of organic material along these strandlines provides a
moist microhabitat that promotes the germination and recruitment of many macrophyte
species (Nicol, 2004).
Lakes Arawak and Mournpall were the most depauperate lakes in the system with regards to
aquatic macrophyte cover (Part 1). This was also true of the seed bank of Lake Mournpall
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(Section 7). These lakes also experienced low dissolved oxygen levels (e.g. 2.6 mg.L-1 –
Arawak 1/12/2006) during the first few months after pumping (up until Jan 2007), which is
detrimental to plant growth. An increase in biomass of macrophytes is expected once the
plants have established and with continued wetting (Capon, 2003). However, the opposite
effect was evident in the percentage cover data for all lakes except for Lake Yerang. In the
other lakes, percentage cover tended to decline over time, which is most likely a response to
receding shorelines.
The macrophyte community survey in March-April 2007 (Part 2) showed distinct vegetation
communities between lakes and at all elevations. Macrophyte abundance and diversity was
markedly higher at the +30 and +60cm elevations than the 0, -30 and –60cm elevations. It is
considered that this is largely due to the +30 and +60cm elevations including the
macrophyte-rich strandlines.
In contrast to the macrophyte cover (Part 1) findings, the macrophyte community study
(Part 2) showed Lake Brockie and Lake Lockie to contain the lowest abundances of
macrophytes at or below the waterline. The sites sampled differed to those of Part 1. For
Lake Brockie, the low abundance of macrophytes may be explained by the interaction
between the recent filling of the lake and time required for significant macrophyte
establishment to occur. In contrast, Lake Lockie is relatively turbid and experienced
considerable changes in water level (water level was elevated during the pumping period to
create a head to move water into the northern and sourthern arms) that may have influenced
aquatic macrophyte growth due to changes in the euphotic zone. Other water quality issues
(e.g. low dissolved oxygen) may also have restricted the germination and survival of
macrophytes at these lakes.
The seed bank data suggests that the Hattah Lakes system contains a diverse and abundant
seed bank (Section 7). The low abundance of aquatic macrophytes in most of the sampled
lakes could also be due to the alteration of natural flooding regimes (depth, duration, timing
and frequency). Without natural flood patterns triggering the germination and sexual
reproduction of plants (seeds of which contribute back to the seed bank) and dispersing
seeds across the floodplain, there is the potential for fewer recruits to the seed bank (Capon
and Brock, 2006). For example, Lake Brockie was flooded during the summer of 2006/07
(the area naturally floods in the spring time) and the February 2007 and May 2007 cover
data show that a large and varied macrophyte community failed to establish. Robertson et
al. (2001) found a comparable pattern in their study of the mid-region of the Murray River
near the Barmah – Millewa forest. They found that macrophyte production and species
richness was significantly affected by season of flooding. Generally, spring flooding
produced higher species diversity and production. Britton and Brock (1994) also found that
germination and species richness was higher after spring and autumn flooding, compared
with summer time flooding. This could be due to natural germination cues, as well as the
increased allochthonous input from river red gums in the summer months creating water
quality issues (see Wetting Phase in section 8.1.1.3).
True aquatic macrophytes such as submerged forms only established in high abundance at
Lake Yerang and Chalka Creek. Sediment at Lake Yerang was composed mainly of clay,
suggesting that this is a favourable substrate for macrophyte establishment. Although other
lakes also had clay substrates, most of these lakes experienced large blue-green algal
blooms. Such algal blooms cause a significant reduction in light and dissolved oxygen
(Bailey et al., 2002), resulting in unfavourable conditions for macrophyte growth. It is
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evident in the water quality data (Section 3) that Lake Yerang maintained a high amount of
light penetration and the type of algae present in the lake was not a blanketing type of bloom
as was the case in the other lakes.
Grazing pressure by native animals within the park may also be limiting macrophyte
community establishment. It was noted during the February 2007 and May 2007 field trips
that sedges such as Juncus had been cropped down to the soil, most likely by kangaroos.
Siebentritt et al. (2004) also found grazing by kangaroos to cause a reduction in cover of
plants. Such pressure could account for the overall lack of emergent macrophyte forms and
low percentage cover of these forms when they have occurred (See Table 8.3).
8.4.2 Response of lakebed macrophytes to pumping
The inundation of Lake Brockie resulted in significantly different changes in the
macrophyte communities between it and the control Lake Boich. This is expected given that
terrestrial vegetation had established across the lakebeds during the dry phase and flooding
at Lake Brockie resulted in the drowning of many of these terrestrial species. The creation
of aquatic habitat has promoted flood-tolerant and aquatic functional forms. The significant
interaction term between Lake and Elevation also demonstrates that different changes to the
macrophyte community are occurring at the different elevations. This result is perhaps
expected given that each elevation at Lake Brockie received a different water regime
(A=remained dry, B=inundated then exposed, C=submerged) relative to the control Lake
Boich.
The greatest change in species richness between the before and after surveys occurred at
Lake Brockie elevation B. This is explained by the quadrats at this elevation being
inundated when the lake initially filled and then being exposed as the lake levels lowered
through evaporation and seepage, with germination of macrophytes occurring within the
strandlines present at this elevation.
River red gum (Eucalyptus camaldulensis) was the most abundant species sampled at Lake
Brockie at each survey time. This species had established along strandlines formed from
previous flood events (1996 or 2000) and were now established trees on the lakebeds. The
issue of river red gum establishment on many lakebeds of the Hattah Lakes system is
discussed in Section 2.
A statistically significant increase in species richness occurred at all three elevations at the
control Lake Boich. Whilst this lake did not receive pumped water, the change is attributed
to the vegetation response to above average rainfall at the Hattah Lakes in the period
between the surveys (Figure 2.3). This rainfall promoted the growth of the exotic medic
Medicago minima, the annual forb Phyllanthus lacunaris and two native sedge species
(Isolepis spp.) that were considerably less abundant in the ‘before’ survey. Note that this
rainfall would also have occurred at the treatment Lake Brockie (adjacent to Lake Boich),
and does not therefore confound the results of the BACI design.
8.4.3 Extant macrophyte community and soil seed bank comparison
Regular flooding and drying aids germination and additions to the seed bank, as well as seed
dispersal (Capon and Brock, 2006). Alteration to the natural regime, resulting in an
extended dry period as has occurred at the Hattah Lakes, could result in fewer additions to
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the seed bank and mortality of the existing seed bank. However, the germination of
approximately 50 species from the soil seed bank study (Section 7) suggests that this is not
the case with the Hattah Lakes.
The approximately 50 species sampled from the soil seed bank study is considerably lower
than the 115 taxa identified from the extant vegetation communities on the lakebeds. There
are likely several reasons for this. For example, the area of sediment sampled for the soil
seed bank study is small relative to the area sampled for the extant vegetation communities,
and therefore will likely underestimate the size of the true seed bank present. Also, the
extant vegetation sampling often coincided with strandlines where seed banks can be
expected to be concentrated (Nicol, 2004), thereby increasing the probability of obtaining
high species richness in these areas. For example, Eucalyptus camaldulensis seedlings and
saplings were regularly sampled along strandlines at many of the Hattah Lakes, but the
species was not detected within the seed bank trial. Different environmental conditions,
such as season, temperature and water regime, are also important in determining the
occurrence of species and these differed between the seed bank study and the natural
environment.
Several species were relatively widespread across lakes in the soil seed bank study and were
also represented in the extant vegetation community. Notable species include the forbs
Chenopodium pumilio, Elatine gratioloides, Polygonum plebeium, Limosella australis,
Epaltes australis, Centipeda sp. and the algae Chara sp.
8.4.4 Summary
Overall, macrophytes were able to establish with the pumped water management
intervention and achieve The Living Murray objectives for macrophyte communities.
However, there were varying levels of success between lakes with regards to the
establishment of aquatic communities. The soil seed bank study showed that at the
landscape scale there is a generally abundant and diverse seed bank. Therefore, there is
potential for a diverse and abundant aquatic macrophyte community to develop. This
process was observed in Lake Yerang, with a gradual development of macrophytes in the
other lakes over the sampling period. This delayed response in some wetlands could be due
to the time taken for soil conditions to match the conditions required for germination, the
detrimental effects of algal blooms, low dissolved oxygen levels and grazing pressures. It
seems that the widespread germination and establishment of aquatic macrophytes at Lake
Yerang may be related to shallow lake depth, clay substrate and low turbidity in the water
column.
The delivery of a managed flood to the Hattah Lakes via the pumping and ponding of water
has generally provided optimal conditions for macrophyte growth; low turbidity inflows
(Section 3) and a near absence of common carp (Section 4). However, there were many
potentially limiting factors to macrophyte establishment (detailed above), and thus it is
difficult to ascertain with certainty the reasons for the observed patterns of macrophyte
establishment. It may be that more frequent flooding in the Hattah Lakes would lead to
improved macrophyte development. More frequent flooding may replenish seedbanks,
reduce organic material accumulation on the lakebeds and decrease the probability of low
dissolved oxygen levels occurring. This may improve the chances of a macrophyte rather
than phytoplankton dominant state developing. Alternatively, the macrophyte communities
may simply require a long time following inundation to become established in high
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abundance within the system. Monitoring of the lakebed vegetation communities throughout
2007-08 will allow an assessment of whether macrophytes become more abundant across
the Hattah Lakes system during the drying phase.
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9. Sulfidic Sediments
9.1 Introduction
9.1.1 Background
Sulfidic sediments (potential acid sulfate soils) are being recognised as an important
management problem in inland regions of Australia (Fitzpatrick et al., 1996; Hall et al.,
2006). A Murray River wetland located approximately 80 river km downstream of the
Hattah Lakes system has acidified in response to a partial drying (McCarthy et al., 2006a)
and others are potentially at risk of acidification if not managed appropriately (Hall et al.,
2006).
Baldwin et al. (2007) have developed a protocol to assess whether a wetland contains
sulfidic sediments at levels that could cause ecological damage. This assessment protocol
has been followed at the Hattah Lakes system to determine whether sulfidic sediments pose
a threat to the ecological values of this icon site.
9.1.2 Objectives
The primary objective of the sulfidic sediment assessment was to:
• Assess the likelihood of occurrence of sulfidic sediments within the Hattah Lakes.

9.2 Methods
An observation pit was dug at each of nine wetlands. Black coloration of the subsurface
sediment (indicating the presence of sulfidic sediments) was not observed. From each pit,
sediment samples were taken at depths of 0.1, 0.2 and 0.3m and returned to the laboratory
where they were air-dried for further analysis. At each wetland, surface water electrical
conductivity (µs.cm-1@25oC) and pH were measured, and a 1L water sample (preserved
with 2ml of 1M zinc acetate) was collected for sulfate analysis at a NATA certified
laboratory (MDFRC, Wodonga).

9.3 Results and Discussion
Results of the various analyses of the sulfidic sediment protocol of Baldwin et al. (2007) are
provided in Table 9.1. For all samples, surface water electrical conductivity was below the
1,750 µS.cm-1 upper threshold for concern. Similarly, soil electrical conductivity
(determined from water extracts of 1:5 sediment:deionised water) for each sample was
below the 400 µS.cm-1 upper threshold for concern. Surface water pH was above 4 for all
samples. Sediment pH was above the pH 4.5 threshold at all but one site/depth; sediment pH
was 4.41 for the sample taken at 0.2m depth at Chalka Creek. Given that this reading was
only slightly below the pH 4.5 threshold and only occurred at the one depth, it was not
considered to be of concern (D. Baldwin pers. comm.). Sulfate in the surface water was
below the 10 mg.L-1 upper threshold at each site (Table 9.1).
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These findings indicate that there is a low risk of sulfidic sediments occurring within the
Hattah Lakes system. The occasional drying of the floodplain sediment throughout the
system, the absence of weir pool regulated river adjacent to Hattah Lakes, and the
considerable depth to groundwater underlying the Hattah Lakes system (SKM, 2004) are all
likely contributors in preventing the accumulation of sulfidic materials in the Hattah Lakes
system.
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EC>400 uS.cm-1?

pH of surface water

pH<4?

0.1m

pH <4.5?

Sulfate surface water
(mg.L-1)

Sulfate >10mg.L-1?

L. Mournpall

222

No

24

20

15

No

8.80

No

5.58

5.56

5.50

No

<1.0

No

L. Yerang

228

No

85

71

62

No

9.38

No

4.78

4.66

4.75

No

<1.0

No

L. Lockie

216

No

56

73

63

No

8.8

No

4.92

5.09

5.00

No

8.5

No

Chalka Ck

112

No

42

32

25

No

6.93

No

4.76

4.41

5.31

Yes

<1.0

No

L. Little Hattah

244

No

63

83

88

No

8.6

No

5.11

5.53

5.43

No

1.9

No

L. Hattah

233

No

28

18

22

No

9.74

No

5.48

5.00

5.06

No

1.3

No

L. Bulla

210

No

32

36

66

No

8.74

No

5.43

5.21

5.21

No

1.1

No

L. Arawak

285

No

45

40

75

No

9.44

No

5.42

5.25

5.36

No

1.3

No

L. Brockie

371

No

32

20

64

No

7.98

No

5.95

5.99

5.66

No

3.3

No

0.2m

0.3m
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0.2m

0.3m

10. Photopoints
10.1 Introduction
10.1.1 Background
Photopoints were established at ten wetlands within the Hattah Lakes system to visually document
temporal changes occurring at the wetland. Visual records are particularly beneficial for
highlighting the habitat at the site and documenting temporal changes in hydrology and vegetation.
The use of photopoints is stipulated within The Living Murray Outcomes Evaluation Framework
(MDBC, 2006b) for both Condition Monitoring and Intervention Monitoring to visually document
changes to vegetation at the icon sites.
10.1.2 Objectives
The objective of the photopoint study was to:
• Visually document temporal changes in vegetation fringing the Hattah Lakes.

10.2 Methods
Field trips to collect photopoints were timed to coincide with cloudless days to ensure relatively
consistent light conditions between times. Where possible, sites were photographed at around the
same time of day. A stake was established at each photopoint site and the GPS location taken (Table
10.1). The camera was positioned on the stake and a photograph taken. This first site photograph
was printed and used as the template for framing future pictures of that site. The same camera,
settings and photographer were used throughout the study (Pentax Optio W20 camera, 7.0
megapixel image, highest image quality, 6.3mm focal length, focus manually set to infinity, auto
exposure and no flash). The lens was shaded to ensure that direct sunlight did not create glare on the
image. Photographs were taken on 1 December 2006, 9 January 2007, 8 March 2007, 15 June 2007
and 9 October 2007. For each site, the images were cropped to an area common to all photographs.
Table 10.1. Photopoint locations
Lake

GPS of photopoint

Lake

GPS of photopoint

Lake Arawak

624464 6152634

Lake Little Hattah

623216 6153590

Lake Brockie

626384 6153374

Lake Lockie

624475 6155791

Lake Bulla

624399 6153077

Lake Marramook

625553 6152618

Chalka Creek

628561 6157516

Lake Mournpall

623858 6158021

Lake Hattah

622867 6152700

Lake Yerang

624889 6157920

10.3 Photographs
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Lake Arawak

1Dec06

9Jan07

8Mar07

15Jun07

9Oct07
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Lake Brockie

1Dec06

9Jan07

8Mar07

15Jun07

9Oct07
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Lake Bulla

1Dec06

9Jan07

8Mar07

15Jun07

9Oct07
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Chalka Creek

1Dec06

9Jan07

8Mar07

15Jun07

9Oct07
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Lake Hattah

1Dec06

9Jan07

8Mar07

15Jun07

9Oct07
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Lake Little Hattah

1Dec06

9Jan07

8Mar07

15Jun07

9Oct07
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Lake Lockie
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9Jan07
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15Jun07

9Oct07
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Lake Marramook

1Dec06

9Jan07

8Mar07

15Jun07

9Oct07
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Lake Mournpall

1Dec06

9Jan07

15Jun07

9Oct07
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Lake Yerang

1Dec06

9Jan07

8Mar07

15Jun07

9Oct07
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11. Synthesis
The pumping events at Hattah Lakes have created aquatic habitat and have driven the
development of diverse aquatic communities within the lake system. This aquatic habitat is
providing a range of ecological services including the provision of a productive floodplain
refuge during the current period of drought.
A primary motive behind the pumping events was to improve the condition of river red gum
trees fringing the lakebeds of the Hattah Lakes. These trees were known to be in a generally
poor condition due to an absence of overbank flooding since 2000. A rigorous BACI
experimental design and quantitative assessment of crown density based on photographs of the
trees demonstrated that the watering events have resulted in an improvement in tree condition
at the studied Lake Mournpall and Lake Brockie. Above average rainfall during the period of
study has also increased tree condition more generally (to a lesser extent than the watering) at
sites that did not receive environmental watering.
Some aspects of water quality were identified as having potential to limit the development of
diverse aquatic ecosystems. High water temperature, protracted day lengths and ample
available nutrients led to extensive blue-green algal blooms across most lakes during mid
summer. High phytoplankton levels persisted at least until May 2007. These caused large
fluctuations in dissolved oxygen and pH for most lakes, reaching levels that may pose a threat
to aquatic fauna and macrophytes. High phytoplankton densities may have also limited light
penetration, which is crucial for macrophyte establishment and growth.
Some of the newly filled lakes were subject to low dissolved oxygen following inundation;
most likely due to the accumulation of significant organic matter loads on the lakebed during
the prolonged dry phase. Moderately low dissolved oxygen was observed for up to three
months following inundation of Lakes Mournpall and Arawak. This phenomenon was also
identified as a temporary threat for these lakes, potentially causing sub-optimal conditions for
initial macrophyte establishment.
Despite the water quality issues apparent, pumping and ponding allowed healthy
macroinvertebrate and zooplankton communities to develop. Abundant and diverse
invertebrate communities developed quickly after pumping, and were able to remain viable for
approximately 18 months. It is anticipated that these communities may continue to remain
healthy for sometime beyond the length of this study, until late in the drying phase within each
lake.
The communities surveyed were also quite diverse compared with other Victorian lakes, and
with previous monitoring during a natural flood event at the Hattah Lakes. Additionally, no
large differences in functional feeding group composition were detected between newly filled
and long filled lakes. This implies that in the longer term, important ecosystem functions (e.g.
carbon processing, nutrient cycling) that help sustain the lake ecosystem are being maintained.
Overall, macroinvertebrate and zooplankton communities in the Hattah Lakes are suitably
abundant and diverse to support the needs of larval and planktivorous fish and waterbirds, and
thus support the biological objectives listed in the Hattah Lakes Environmental Management
Plan.
An abundant and relatively diverse native fish community consisting of six native species has
developed within the Hattah Lakes. Because the wetlands were completely dry prior to the first
pumping event in April 2005, this community has initially developed from fish larvae, eggs or
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juveniles pumped into the lakes. These findings challenge the assumptions that pumping will
result in a depauperate fish community due to injury of fish when passing though the pump. In
particular, these findings demonstrate that pumping is acting as a filter upon the fish
community, with common carp (one individual sampled) and eastern gambusia in particular
being excluded with this water delivery mode.
In the absence of overbank or pumping flows in the next 1-2 years, the fish communities that
have developed in the Hattah Lakes will perish before having an opportunity to move back to
the river channel and redistribute through the system. This scenario will occur at different
times for lakes of the Hattah Lakes system (depending upon water depth), and would also have
occurred with the lakes drying following the 1996 and 2000 flood events. The decreased
frequency of connection is limiting the fish communities that develop within the Hattah Lakes
system from contributing to Murray River system populations more broadly.
Macrophyte seed bank trials demonstrated that there is a high potential for diverse native
macrophyte communities to develop at most lakes and accordingly achieve the objectives listed
in the Hattah Lakes Environmental Management Plan. Aquatic macrophytes were able to
establish under this flooding regime, although there were varying levels of success between
lakes. Initially aquatic macrophyte establishment was quite poor (except in Lake Yerang),
however, macrophyte cover generally increased over the sampling period. The initial paucity
of observed aquatic macrophytes may be due to a combination of many factors. These include
low DO levels for some lakes following inundation, algal blooms that reduced light penetration
and caused an anoxic hypolimnion for the deeper lakes, grazing pressures on emergent
macrophytes and lake substrate type (with clay being a more stable and favourable substrate).
Distinct macrophyte communities established on the lakebeds of each of the eight wetlands
surveyed. The greatest macrophyte abundance and diversity occurred at +30 and +60cm
elevations from the waterline. These elevations were inundated following the pumping event
but were exposed as the lake water levels lowered. Strandlines containing a high abundance
and diversity of lakebed macrophytes occurred at these elevations. In contrast, the abundance
and richness of macrophytes at 0, -30 and -60cm elevations from the waterline were generally
low.
Given that macrophyte cover and diversity of structural forms are increasing and are generally
higher in the longer filled lakes, macrophyte development may be related to the time since
inundation. As such, continued monitoring of the lakebed macrophyte communities will permit
an assessment of whether time since inundation is the key driver of macrophyte development in
the Hattah Lakes system.
Sediment assessments were undertaken at nine wetlands and showed a low risk of sulfidic
sediments occurring within the Hattah Lakes system. The occasional drying of the floodplain
sediment throughout the system, the absence of weir pool regulated river adjacent to Hattah
Lakes, and the low groundwater levels underlying the Hattah Lakes system are all likely
contributors in preventing the accumulation of sulfidic materials in the Hattah Lakes system.
The results of this study are able to inform the adaptive management of the Hattah Lakes Icon
Site, and other icon sites more broadly. The findings demonstrate that pumping has provided
clear ecological benefits to the Hattah Lakes. These results can be utilised by managers within
an adaptive management framework to improve our conceptual understanding of the ecology
of floodplain lakes, and to better predict the outcomes of environmental watering management
interventions in the future.
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Overall, the managed flooding event achieved by the pumping and ponding of water has been a
successful management intervention for improving river red gum health and allowing diverse
aquatic ecosystems to develop at the Hattah Lakes icon site. These lake ecosystems are
dynamic and both water quality and biological communities will continue to change as the
wetlands dry. We therefore anticipate that future intervention monitoring in 2007/08 will be
well placed to assess whether these healthy ecosystems can be sustained in the longer term.
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Appendices
Appendix 1. MSM BIGMOD output for modelled natural, modelled current and
actual discharge at Euston (Murray River) from 1900 to 2007
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Appendix 2: Summary data for all Hattah Lakes macroinvertebrate RBA samples
No.
Families

No.
Species SIGNAL 2

EPT Taxa
(Family)

EPT Taxa
(Species)

4

7

Site name

Season

CHALKA CREEK SITE A

December

CHALKA CREEK SITE A

February

20

32

3.0

3

3

CHALKA CREEK SITE A

May

10

15

2.8

1

1

CHALKA CREEK SITE B

December

23

35

3.1

3

5

CHALKA CREEK SITE B

February

21

28

3.3

4

7

CHALKA CREEK SITE B

May

24

37

3.3

3

5

CHALKA CREEK SITE C

December

19

31

3.4

3

5

CHALKA CREEK SITE C

February

26

37

3.0

3

5

CHALKA CREEK SITE C

May

21

34

3.1

4

5

LAKE ARAWAK SITE A

December

9

10

2.9

1

1

LAKE ARAWAK SITE A

February

18

27

3.2

3

4

19

30

3.5

LAKE ARAWAK SITE A

May

16

21

3.1

2

3

LAKE ARAWAK SITE B

December

10

11

3.0

1

1

LAKE ARAWAK SITE B

February

18

23

2.9

2

3

LAKE ARAWAK SITE B

May

13

16

3.1

1

2

LAKE ARAWAK SITE C

December

8

10

2.7

1

1

LAKE ARAWAK SITE C

February

17

25

3.0

2

3

LAKE ARAWAK SITE C

May

17

20

3.1

2

2

LAKE BROCKIE SITE A

February

13

17

3.1

2

2

LAKE BROCKIE SITE A

May

12

15

2.5

1

1

LAKE BROCKIE SITE B

February

15

20

2.9

2

2

LAKE BROCKIE SITE B

May

14

18

2.6

1

1

LAKE BROCKIE SITE C

February

15

21

3.1

2

2

LAKE BROCKIE SITE C

May

13

17

3.1

1

1

LAKE BULLA SITE A

December

10

16

3.4

1

1

LAKE BULLA SITE A

May

13

17

3.4

2

3

LAKE BULLA SITE B

December

10

15

3.2

1

1

LAKE BULLA SITE B

May

16

22

2.9

2

3

LAKE BULLA SITE C

December

15

21

3.1

1

1

LAKE HATTAH SITE A

December

18

25

3.3

2

2

LAKE HATTAH SITE A

February

16

23

3.3

3

4

LAKE HATTAH SITE A

May

10

13

2.9

1

1

LAKE HATTAH SITE B

December

15

23

3.1

2

2

LAKE HATTAH SITE B

February

23

40

3.0

4

5

LAKE HATTAH SITE B

May

11

14

2.9

2

2

LAKE HATTAH SITE C

December

10

14

3.0

2

2

LAKE HATTAH SITE C

February

17

25

3.2

3

5

LAKE HATTAH SITE C

May

14

20

3.2

2

2

LAKE HATTAH SITE D

December

13

20

2.8

1

1

LAKE HATTAH SITE D

February

15

23

3.0

3

4

LAKE HATTAH SITE D

May

15

21

3.1

3

3

LAKE LOCKIE SITE A

December

21

33

2.9

1

1

LAKE LOCKIE SITE A

February

12

17

2.9

1

2

LAKE LOCKIE SITE A

May

16

19

3.1

3

4

LAKE LOCKIE SITE B

December

14

18

3.1

1

2

LAKE LOCKIE SITE B

February

21

30

3.0

2

3

LAKE LOCKIE SITE B

May

17

21

2.9

2

3
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LAKE LOCKIE SITE C

December

17

LAKE LOCKIE SITE C

February

14

LAKE LOCKIE SITE C

May

16

LAKE LOCKIE SITE D

December

17

LAKE LOCKIE SITE D

February

20

22

3.1

1

2

20

2.9

2

3

20

3.1

1

1

22

2.6

1

2

28

3.3

4

5

LAKE LOCKIE SITE D

May

11

12

3.3

1

1

LAKE MOURNPALL SITE A

December

16

21

3.4

2

2

LAKE MOURNPALL SITE A

February

9

14

2.9

0

0

LAKE MOURNPALL SITE A

May

8

11

2.4

0

0

LAKE MOURNPALL SITE B

December

10

16

3.1

1

1

LAKE MOURNPALL SITE B

February

8

9

2.6

0

0

LAKE MOURNPALL SITE B

May

12

17

3.0

1

1

LAKE MOURNPALL SITE C

December

16

23

3.0

1

1

LAKE MOURNPALL SITE C

February

19

27

3.2

2

3

LAKE MOURNPALL SITE C

May

11

13

3.0

1

1

LAKE MOURNPALL SITE D

December

15

17

2.9

1

1

LAKE MOURNPALL SITE D

February

13

17

2.9

1

1

LAKE MOURNPALL SITE D

May

14

17

2.9

2

2

LAKE NIP NIP SITE A

February

8

15

2.7

1

1

LAKE YERANG SITE A

December

15

20

2.7

1

1

LAKE YERANG SITE A

February

18

25

3.1

3

4

LAKE YERANG SITE A

May

19

24

2.9

3

4

LAKE YERANG SITE B

December

11

14

3.2

1

1

LAKE YERANG SITE B

February

13

20

3.2

2

3

LAKE YERANG SITE B

May

13

16

3.1

1

1

LAKE YERANG SITE C

December

12

13

2.5

1

1

LAKE YERANG SITE C

February

16

21

3.0

2

2

LAKE YERANG SITE C

May

20

30

3.0

1

1

17

27

3.0

1

2

LITTLE LAKE HATTAH SITE B December

8

11

3.3

1

1

SHOOTERS BOG SITE A

13

23

3.4

2

3

LITTLE LAKE HATTAH SITE A December
February
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Appendix 3. Environmental variables for multivariate analyses
Measured at
sample level site
(Y) or at lake level
(N)

Input Parameter

Description

TIME_SINCE_FILL

Time (in months) since the waterbody commenced
filling

N

TIME_SINCE_FLOOD

Time (in years) since the last natural flood

N

DRY_25

Percentage of years the lake is <25% full based on
modelled data from SKM, 2004)

N

DRY_LENGTH

Median duration of dry event (<25% full) based on
modelled data from SKM, 2004)

N

WET_100

Percentage of years the lake is >100% full based on
modelled data from SKM, 2004)

N

WET_LENGTH

Median duration of wet event (>100 full) based on
modelled data from SKM, 2004)

N

AREA

The bank-full surface area of the lake (ha)

N

-1

CHL_A

Chlorophyll a (Ug.L )

N

FRP

Filterable reactive phosphorus (mg.L-1)

N

NOX

Nitrate/nitrite concentration (mg.L-1)

N

TP

Total phosphorus concentration (mg.L-1)

N
-1

TKN

Total Kjeldahl nitrogen concentration (mg.L )

N

TOC

Total organic carbon (mg.L-1)

N
-1

DOC

Dissolved organic carbon (mg.L )

N

DEPTH_AVE

Average depth that the sample was taken (cm)

Y

-1

ALK

Alkalinity (mg.L )

Y

COND25

Electrical conductivity (uS.cm-1)

Y

DO

Ambient dissolved oxygen (mg.L-1)

Y

DO_PC

Ambient dissolved oxygen (% saturation)

Y

PH

pH

Y

TEMPERATURE

o

Temperature ( C)

Y

TURB

Turbidity (NTU)

Y

EDBARE

Estimate of the percentage of area sampled covered
by bare edge

Y

EDCLAYSILT

Percentage of sample area covered by clay/silt
substrate

Y

EDCPOM

Estimate of the percentage of sample area covered by
coarse particulate organic matter

Y

EDFILAMENT

Estimate of the percentage of sample area covered by
filamentous algae

Y

EDLOG

Estimate of the percentage of sample area covered
logs (>10cm diameter)

Y

EDMACRO

Estimate of the percentage of sample area covered by
macrophytes

Y
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EDROOTS

Estimate of the percentage of sample area covered
plant roots

Y

EDSAND

Estimate of the percentage of sample area covered
sand substrate

Y

EDSILT

Estimate of the percentage of sample area covered
loose silt (organic and inorganic)

Y

EDTRAIL

Estimate of the percentage of sample area covered
trailing bank vegetation

Y

RECPOM

Estimate of the percentage cover of coarse
particulate organic matter (leaves and wood<10cm
diameter) in the 15m x 10m littoral zone quadrat

Y

RESLOM

Estimate of the percentage cover of the snags and
large organic matter (wood>10cm diameter) in the
15m x 10m littoral zone quadrat

Y

SUBM_FEATHER

Percentage cover of submerged feather-like
macrophytes in the 15m x 10m littoral zone quadrat

Y

SUBM_BROAD

Percentage cover of submerged broad leafed
macrophytes in the 15m x 10m littoral zone quadrat

Y

SUBM_GRASS

Percentage cover of submerged branched
macrophytes in the 15m x 10m littoral zone quadrat

Y

SUBM_BRANCHED

Percentage cover of submerged branched
macrophytes in the 15m x 10m littoral zone quadrat

Y

FLOAT_ROOTED

Percentage cover of floating rooted macrophytes in
the 15m x 10m littoral zone quadrat

Y

FLOAT_FREE

Percentage cover of free floating macrophytes in the
15m x 10m littoral zone quadrat

Y

EMERGE_REED

Percentage cover of emergent reed-like macrophytes
in the 15m x 10m littoral zone quadrat

Y

EMERGE_GRASS

Percentage cover of emergent grass-like macrophytes
in the 15m x 10m littoral zone quadrat

Y

EMERGE_RUSH

Percentage cover of emergent rush-like macrophytes
in the 15m x 10m littoral zone quadrat

Y

EMERGE_BRANCHED

Percentage cover of emergent branched macrophytes
in the 15m x 10m littoral zone quadrat

Y

Percentage cover of emergent broad leafed
EMERGE_UNBRANCHED macrophytes in the 15m x 10m littoral zone quadrat

Y

FILAMENTOUS

Percentage cover of filamentous algae macrophytes
in the 15m x 10m littoral zone quadrat

Y

INUN_TREES

Percentage cover of inundated terrestrial vegetation
in the 15m x 10m littoral zone quadrat

Y

TOT_MACRO_COV

Percentage cover all macrophytes in the 15m x 10m
littoral zone quadrat

Y

SUBM_ROOTS

Percentage cover of submerged roots in the 15m x
10m littoral zone quadrat

Y
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Appendix 4. Flora identified as assets to the Hattah Lakes complex and HattahKulkyne National Park
Scientific name

Common name

Trees and Shrubs:
Eucalyptus camaldulensis
Eucalyptus largiflorens
Muehlenbeckia florulenta
Muehlenbeckia diclina
Muehlenbeckia horrida
Acacia stenophylla
Callistemon brachyandrus
Sedges and Rushes:
Cyperus flaccidus
Cyperus nervulosus
Cyperus pygmaeus
Fimbristylis aestivalis
Isolepis australiensis
Lipocarpha microcephala
Cyperus exaltatus
Cyperus gymnocaulos
Eleocharis acuta
Eleocharis pusilla
Typha orientalis, Typha
domingensis
Grasses:
Cynodon dactylon var. pulchellus
Digitaria ammophila
Phragmites australis
Eragrostis australasica
Amphibromus nervosus
Cynodon dactylon var. dactylon
Pseudoraphis spinescens
Paspalum distichum

River Red Gum
Black Box
Tangled Lignum
Twiggy Lignum
Spiny Lignum
River Coobah
Prickly Bottlebrush

Flaccid Flat-sedge
Annual Flat-sedge
Pygmy Flat-sedge
Summer Fringe-sedge
Inland Club-sedge
Button Rush
Tall Flat-sedge
Spiny Flat-sedge
Common Spike-sedge
Small Spike-sedge
Cumbungi

Native Couch
Silky Umbrella-grass
Common Reed
Cane Grass
Common Swamp Wallaby Grass
Couch
Spiny Mudgrass
Water couch

Wetland Herbs:
Ceratophyllum demersum

Common Hornwort

Callitriche sonderi
Azolla filiculoides

Matted Water-starwort
Pacific Azolla

Marsilea costulifera
Marsilea drummondii
Marsilea hirsuta

Narrow-leaf Nardoo
Common Nardoo
Short-fruit Nardoo

Vallisneria americana
Triglochin calcitrapum s.l.

Ribbon-weed
Spurred Arrowgrass

Triglochin nanum
Stellaria caespitosa

Dwarf Arrowgrass
Matted Starwort

Myriophyllum spp.
Myriophyllum verrucosum

Milfoil varieties
Red Water-milfoil

Floodplain Herbs:
Lepidium monoplocoides
Persicaria attenuata

Winged Peppercress
Velvet Knotweed

Drosera indica
Bergia trimera

Indian Sundew
Small Water-fire

Crassula colorata
Crassula decumbens var.decumbens

Dense Crassula
Spreading Crassula
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Appendix 5. Lakebed vegetation species list
Aizoaceae
Glinus lotoides
Mesembryanthemum crystallinum*
Tretragonia tetragoniodes
Amaranthaceae
Alternanthera denticulata
Alternanthera nodiflora
Apiaceae
Trachymene cyanopetala
Asteraceae
Actinobole uliginosum
Aster subulatus*
Brachycome basaltica
Brachycome campylocarpa
Brachycome sp.
Calotis porphyroglossa
Calotis cuneifolia
Calotis erinacea
Calotis hispidula
Calotis sp.
Centipeda minima
Centurea sp.
Chthonocephalus pseudevax
Conyza albida*
Conyza bonariensis*
Craspedia crysantha
Epaltes australis
Hedypnois rhagodioloides*
Hypochoeris radicata*
Lactuca saligna*
Lactuca serriola*
Leontodon taraxacoides*
Olearia pimeloides
Podolepis capillaris
Psuedognaphalium luteo-album
Reichardia tingitana*
Rhodanthe pygmaeum
Rhodanthe troedelii
Senecio runcinifolius
Sonchus oleraceus*
Azollaceae
Azolla filiculoides
Boraginaceae
Heliotropium amplexicaule*
Heliotropium curassivicum*
Heliotropium europaeum*
Brassicaeae
Brassica sp.
Geococcus pusillus
Rorippa sp.
Campanulaceae
Wahlenbergia fluminalis
Caryophyllaceae
Polycarpon tetraphyllum*

Characeae
Chara australis
Chara sp.
Chenopodiaceae
Atriplex acutibractea
Atriplex leptocarpa
Atriplex sp.
Atriplex vesicaria
Chenopodium melanocarpum
Chenopodium psuedomicrophyllum
Chenopodium pumilio
Maireana microcarpa
Maireana sp.
Rhagodia hastata
Rhagodia nutans
Rhagodia spinescens
Salsola kali var. kali
Sclerolaeana paradoxa
Sclerolaena brachyptera
Sclerolaena paradoxa
Cladophoraceae
Cladophora sp.
Cucurbitaceae
Citrullus lanatus*
Cucumis myriocarpus*
Cyperaceae
Cyperus gilesii
Cyperus gymnocaulos
Isolepis sp.
Isolepis victoriensis
Elatinaceae
Elatine gratioloides
Euphorbiaceae
Euphorbia drummondii
Euphorbia sp.
Phyllanthus lacunarius
Fabaceae
Glycyrrhiza acanthocarpa
Medicago minima*
Medicago sp.*

Malvaceae
Malva parviflora*
Marseliaceae
Marselia drummondii
Mimosaceae
Acacia stenophylla
Myrtaceae
Eucalyptus camaldulensis
Oraganaceae
Ludwigia peploides ssp.
montevidensis
Poaceae
Agrostis avenacea
Bromus molliformis*
Cenchrus sp.*
Eragrostis dielsii
Eragrostis sp.
Lophochloa pumila*
Paspalum distichum
Polypogon monspeliensis
Stipa sp.
Vulpia myuros*
Polygonaceae
Muehlenbeckia declina
Muehlenbeckia florulenta
Persicaria sp.
Polygonum plebeium
Rumex bidens
Rumex crystallinus
Potamogetonaceae
Potamogeton ochreatus
Potamogeton tricarinatus
Ranunculaceae
Myosurus minimus
Sapindaceae
Dodoneae attenuata

Geraneaceae
Erodium cicutarium?*

Scrophulariaceae
Limosella australis
Mimulus repens
Morgania floribunda

Haloragaceae
Haloragis aspera
Myriophyllum verrucosum

Solanaceae
Solanum nigrum*
Solanum sp.?

Hydrocharitaceae
Vallisneria americana

Verbenaceae
Verbena bonariensis

Lythraceae
Ammannia multiflora
Lythrum hyssopifolia
Lythrum salicaria

*denotes exotic species
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Appendix 6. Lakes field sampling and habitat assessment sheets (SEP 2006)
LAKE…………………………………………… WEATHER……………………………………AIR
TEMP...……oC
ADDITIONAL
INFORMATION…………………………………………………………………………………………..
LOCATION ……………………………………………………… DATE …………… ……… TIME
……………...…
LOCATION CODE ……………………………… PHOTOGRAPH NUMBER(S)
……………………………………
RECORDER(S) NAME(S) ………………………………LOCATION DOCUMENTATION COMPLETE
? ………
SURVEY METHOD… … … … … … … … … … … …
SAMPLES CHECKLIST
Chlorophyll a
[
All Algae
[
Zooplankton
[
Suspended solids
[
No. zoop trawls per
sample [
]

]
]
]
]

Major Ions
Bioavailable silica
Total silica
Chironomids

All Water samples collected?

Yes [

]

[
[
[
[
[

]
]
]
]
]

TOC
DOC
TKN
FRP

No [

[
[
[
[
[

]
]
]
]
]

TP
[
NH3
[
Nitrate (filt & unfilt) [
Nitrite (filt & unfilt) [
[

]

CATCHMENT GEOLOGY:
LAKE MARGIN LAND USE (this refers to land <30 back from the high water mark - shoreline).
1. Urban
2. Intensive agriculture
3. Mostly cleared, grazing
4. Significant patches of forest remaining, some forestry/agriculture (eg, grazing)
5. Native forest/natural vegetation
(Circle one if uniform, if not divide into sections and indicate boundaries on a sketch map)

VEGCAT (Land use category for AUSRIVAS.) This refers to land use beyond the riparian zone (30m).
1. Urban
2. Intensive agriculture
3. Mostly cleared, grazing
4. Significant patches of forest remaining, some forestry/agriculture (eg, grazing)
5. Native forest/natural vegetation
(Circle one if uniform, if not divide into sections and indicate boundaries on a sketch map)
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]
]
]
]
]

LAKE …………………………………………………………… DATE………………
LOCATION………..…………
(Sheet repeated for each of four RBA sweeps)

RBA SWEEP 1: All information in this section refers area sampled.
SITE
DESCRIPTION:…………………………………………………………………………………………………
AUSTRALIAN GRID
REFERENCE………………………………………………………………………………...……
Invertebrates collected by ……………………………… Invertebrates picked/ sorted by
…………………………….
Length of edge sampled: 10 metres [
] Other ……….. metres. Time taken to pick sample
……..…mins.
Approx. # of invertebrates picked: 200[ ]…150[ ]…100[ ]…50[ ] If <150,
why?………………………………...
SUBSTRATE DESCRIPTION (% cover): .
Bedrock ………………………[ ……………....]
Boulder (>256mm) …………[ ……………….]
Cobble (64-256mm) ……….[ ……………….]
Pebble (16-64mm) ………...[ ………...……..]

WATER QUALITY READINGS
EC (amb):

TIME:
TEMP:

EC (@25OC):
Salinity (ppt):

DO %:

Alkalinity:

Sand
(0.06-2mm) ………..[ ……………… ]
mg/l)
Clay/Silt
(<0.06mm) ……….. [ ……………… ]
mg/l)
Total ……..100%…….

DO (mg/L):

Low (Drops

Percentage of sampled area covered by:
<1%
1. Leaf packs/CPOM
0a
2. Roots
0a
3. Bare edge
0a
4. Logs (wood >10cm)
0a
5. Trailing bank vegetation (including grasses) 0a
6. Filamentous algae
0a

1-10%
0b
0b
0b
0b
0b
0b

Gravel

(2-16mm)…………..[……………..…]

pH:

x5=

High (Drops

x20=

TURB (ntu):
10-35%
1
1
1
1
1
1

35-65%
2
2
2
2
2
2

65-90%
3
3
3
3
3
3

>90%
4
4
4
4
4
4

7. Macrophyte
0a
0b
1
2
3
4
8. Loose silt lying on substrate (organic & inorganic)
0a
0b
1
2
3
4
9. Other……………………………………………….
0a
0b
1
2
3
4
Coarse Particulate Organic Material (leaves and wood < 10cm diameter) 1. = <5% 2. = 5 – 20% 3. =
>20% [
]
Snags/Large Organic Material (wood >10cm diameter)
1. = <5% 2. = 5 – 20% 3. = >20% [
]
DEPTH 1………cm 2 ………cm
3…………cm 4…………cm
5………cm
Take 5 representative measurements from the sweep habitat over the range of depths in the sample.
ESTIMATED WAVE HEIGHT in sampled area.
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SEDIMENT ODOURS:
1. normal 2. sewage
……………………..[
]

3. petroleum

4. chemical

5. anaerobic

6. Other

DIATOM FIELD SAMPLING NOTES
MUD/DETRITUS SAMPLE
Habitat type:
]

1. pool (preferred)

Approximate depth of substrate:

2. backwater
5cm (preferred)
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[

LAKE …………………………………………………………… DATE………………………
WATER OILS:
]
TURBIDITY:

1. none

1. clear

2. slick

2. slight

3. sheen

3. turbid

4. globs

5. flecks

[

4.opaque/liquid silt (clay like)

[

LAKE LEVEL: (relative to "water mark", i.e. normal inundation level shown by limit of terrestrial grasses,
eroded areas, or boundary in bank sediment types)
1. Low
2. Moderate
3. Normal
4. High
[
]
(dry / isolated pools)
(<water mark)
(around water mark)
(>water mark)
IS THERE EVIDENCE OF HEAVY RAINS OR SPATES IN THE LAST WEEK? 1.yes
[
]
3. not sure

IS THERE ANY ADDITIONAL INFORMATION YOU WOULD LIKE TO ADD?
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2. no

]

LAKE …………………………………………………………… DATE………………………

LAKE HABITAT SURVEY AND SITE OBSERVATIONS
Record eastings and northings for each habplot
Hab-plots
E
N
E
E
N
E

N
N

2. PHYSICAL ATTRIBUTES
2.1 RIPARIAN ZONE (30m long x 15m wide plots – from bank top backwards)
Estimate aerial cover over plot 0=(0-1%) 1=(>1-10%) 2=(>10-40%) 3=(>40-75%) 4=(>75%)

Hab-Plot
ID
CANOPY COVER

Trees

UNDERSTOREY
(0.5-5m)

Small trees and large woody shrubs
Evidence of canopy damage/disease

(>5m)

Tall grasses, ferns, blackberries
GROUND COVER
(<0.5m)

Small Shrubs, and small ferns
Grasses/ground cover

OTHER

Standing water or inundated vegetation
Leaf litter
Bare Ground
Artificial

Length of lakeside zone (m) (when woody veg. changes in land
use)
Gaps in over or understorey longitudinally
Dominant Land Cover within the Riparian Zone (BA, RR, DS, WS, CT, PP,
EP, SH, FB, GL, WL, HE, GR, CR, IL, PG, AW, OW, RS, UR, RE)

Notable Nuisance Plant Species (NO = None, SN = Stinging Nettle, BL = Blackberries,
WI = Willows OT = Other)

Percentage cover of exotics tree layer
Percentage cover of exotics shrub layer
Percentage cover of exotics ground layer
Slope from the waterline to the top of the crater (º)
Enter description of nuisance species here……………..







Enter descriptions of each hab-plot here
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LAKE …………………………………………………………… DATE………………………
2.2 SHORE ZONE (15m wide plot of variable length between the actual waterline and the high
waterline)
Hab-Plot
ID
SHORE/BEACH (if present) Beach present (NO = No, YE =
Yes)
Shore Width (m) (estimate to nearest metre)
Slope (HO = near horizontal, GE = Gentle (5-30º) SL = Sloped (.30-75º), VE = near vertical (.75)
Shore Material (write yes or no depending on whether the substrate type is present or absent)
Boulder
Cobble
Gravel
Pebble
Sand
Silt
Clay
Concrete
Other
Shore Modification(s) (YE = Yes or NO = No)
Shore vegetation cover [0=(0-1%) 1=(>1-10%) 2=(>10-40%) 3=(>40-75%) 4=(>75%)]
Shore vegetation structure (NO=No, CL=Canopy Layer, US=Understorey, GC=Groundcover,
MI=Mixed)

Evidence of shore geomorphological activity (NO=No, ER = Eroding, DS =
Depositional)

Presence of shore organic debris/trash-lines (NO=No, YE=Yes)

LAKE …………………………………………………………… DATE………………………
2.3 LITTORAL ZONE (15m x 10m plot extending from waterline to the middle of the lake)
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Hab-Plot ID
Depth (m) @ 10m or maximum wading point

Distance (m) from waterline to the maximum wading point if
present
Substrate ≥ 10%
Boulder
Cobble
Gravel
Pebble
Sand
Silt
Clay
Concrete
Other
Sedimentation over natural substrate [0=(0-1%) 1=(>1-10%) 2=(>10-40%) 3=(>40-75%)
4=(>75%)]

Odour (NO=No, AN=Anaerobic, SW=Sewerage, OI=Oil, CH=Chemical, OT=Other)
Surface film (NO=No, SC=Scum, AM=Algal Mat, OI=Oily, OT=Other)
MACROPHYTES
Estimate aerial cover 0=(0-1%) 1=(>1-10%) 2=(>10-40%) 3=(>40-75%) 4=(>75%)
Liverworts/mosses/lichens

Submerged feather like
Submerged broad strap like
Submerged grass like
Submerged branched
Floating leaved rooted
Free floating
Emergent reed like
Emergent grass like
Emergent rush like
Emergent branched
Emergent unbranched
Filamentous algae
Cover of inundated terrestrial vegetation
Total macrophyte percent cover (See above for categories)
Do macrophytes extend lakewards? (NO=No, YE=Yes)
If so, in (m) estimate their extent lakewards
Notable nuisance plant species (NO=None, OT=Other)
LITTORAL HABITAT FEATURES
Estimate aerial cover 0=(0-1%) 1=(>1-10%) 2=(>10-40%) 3=(>40-75%) 4=(>75%)
Underwater tree roots
Woody debris (>0.3 m diameter)
Inundated live trees (>0.3 m diameter)
Overhanging vegetation close to water surface (<1m above)
Rock ledges or sharp drop offs
Boulders
Enter description of nuisance species here……………..
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LAKE …………………………………………………………… DATE………………………
2.4 HUMAN PRESSURES (assessed over entire plot) 9if present, B= behind or adjacent to plot (within 50m radius)
Hab-Plot
ID
Commercial activities
Residential areas
Roads, railways or gravel tracks
Parks and gardens
Docks, marinas, jetties or boats
Walls, dykes or revetments
Recreational beaches
Educational recreation
Litter, dump or landfill
Quarrying or mining
Plantation (pine or eucalyptus)
Grazing
Cropping
Orchard
Pipes, outfalls
Dredging
Riparian vegetation control
Macrophyte cutting
Other please specify ………………………………………………….
Have you taken photos of all of the Hab-plots?

X
X

X
X
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LAKE …………………………………………………………… DATE………………………
3. WHOLE LAKE ASSESSMENT
3.1 SHORELINE CHARACTERISTICS
Complete table from a boat-based survey or if visible from the bank. Divide the lake into quarters and observe
50m back from the shoreline. If the shoreline can be observed from one location, do so; this will minimise
uncertainty in estimations of overall percent for the entire shoreline.
EXTENT OF SHORELINE SECTION AFFECTED BY (OR COMPRISED OF) EACH PRESSURE OR LAND-COVER TYPE
Estimate extent 0=(0%) 1=(<20%) 2=(20-50%) 3=(50-80%) 4=(>80%)

Other natural
habitats

Wetland
habitats

Pressures and non-natural land use

Bank
constructi
on

Characteristics

SE Quarter

SW Quarter

NE Quarter

NW
Quarter

Water control structures

Hard engineering
Soft engineering
Docks and marinas
STP
Commercial/industrial activities
Residential areas
Roads or railways
Parks and gardens
Recreational beaches
Litter, dump, landfill
Quarrying or mining
Pine plantation
Gum Plantation
Evidence of recent logging
Cropping
Grazing
Irrigation
Erosion
Fringing reed beds
Fens, marshes
Bogs
Wet grassland and floodplain
Wet woodland
Dry Sclerophyll forest
Wet Sclerophyll forest
Scrub and shrubs
Grassland
Heath land
Natural open water
Rock, scree or sand dunes

3.2 LAKE SITE PRESSURES/ACTIVITIES
9 box (P) if known to be present, and ring if actually observed. If possible to estimate, 9 boxes (E) and/or (I) if
the pressure appears to be Extensive or Intensive where specified
P E I
P E I
P E
Motorboat sporting activities
Non-motor boat activities
Angling from boat

Barriers
Bridges

Military activities
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Angling from shore
Swimming/wading
Stock access
Other
……………………..

Macrophyte control
Surface films
Algal blooms

Water odour
Powerlines

LAKE …………………………………………………………… DATE………………………
ANIMALS (Tick if observed and specify in the right hand column)
e.g. Pelicans
Piscivores
e.g. Swans
Macrophyte dependent species
e.g. Osprey
Species of conservation interest

4. HYDROLOGY
(to be assessed over the entire lake)
Principle use(s) (circle)
Water body type (circle)

None/ Hydro-power/ Water supply/ Flood control/ Navigation/ Amenity/ Other (specify)
Natural (unmodified)/ Natural (raised)/ Natural (lowered)/ Impoundment/ Flooded pit
If raised or lowered, state height difference of water level relative to natural condition (m) (if
known)
If raised or lowered, state when this occurred (if known)

Estimate max. height from lake bed of principle retaining structure (m)
Number of significant influent streams (stream catchment >10% total catchment)

Are there any upstream impoundments? (circle)
Evidence of significant flow diversion (i.e. may affect residence time) into/out of catchement?
(circle)

No/ Yes/ Unsure
No/ Into/ Out of/
Unsure

Vertical range of water level fluctuation (m) 9 tick appropriate box
Daily max
Annual max

<0.5
<0.5

>0.5 – 2
>0.5 – 2

>2-5
>2-5

>5-20
>5-20

>20
>20

Unsure
Unsure
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LAKE …………………………………………………………… DATE………………………
MACROPHYTES IN LAKE
Indicate which macrophyte structural types are present in the reach with the following abundances:
I = isolated, S = scattered, B = in beds, C = choking the lake:
Submerged

Floating

Em ergent

Feather like
Eg: Myriophyllum,
Ce ratophyllum,
Chara

Attached lily like

Reed like
Eg: Typha,
Phragmites

Broad strap like
Eg : Va llisneria,
Triglochin

Free floating, small plant
Eg: Azolla,
Duckweed

Grass like
Eg: Paspalum

Grass like

Free floating, large plant
Eg: Sa lvinia,
Water hyac inth

Tussoc k/ rush like
Eg: Juncus,
Cyperus, Carex

Branched form
Eg: Elodea ,
Potam ogeton

Unbranched,
broad leaf form
Eg: Curled doc k,
Water plantain,
Arrowhead

Branched form
Eg: Ranunc ulus,
Polygonum

LAKE …………………………………………………………… DATE………………………
COMMENTS and/or MAP(S) and/or SITE SKETCHES (Please draw a sketch of the break up of the lake
into the 4 quarters):

ARE ALL SPACES FILLED IN ON ALL SHEETS? Yes [

] No [

] Checked

by…………….
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LAKE …………………………………………………………… DATE………………
LOCATION………..…………
WATER QUALITY MEASUREMENTS: Round to one decimal place.

Instrument(s) make, model and number
……………………………………………………..…………………………..
LAKE SITE
DATE:………………………………………
AUSTRALIAN MAP GRID REFERENCES
…………………………………………………………………………….
DESCRIPTION…………………………………………………………………………………………………
Depth

m

m

m

m

m

m

m

m

m

Time
Temperature
Dissolved oxygen %
Dissolved oxygen mg/L
Conductivity (ambient)
Conductivity @ 25 C
Salinity ppt
Alkalinity
pH
Ox-Redox
Light / PAR
Turbidity
Total depth (m)

Halocline depth (m)

LAKE SITE
DATE:………………………………………
AUSTRALIAN MAP GRID REFERENCES …………………………………………………………………
DESCRIPTION…………………………………………………………………………………………………
Depth

m

m

m

m

m

m

m

m

m

m

m

Time
Temperature
Dissolved oxygen %
Dissolved oxygen mg/L
Conductivity (ambient)
Conductivity @ 25 C
Salinity ppt
Alkalinity
pH
Ox-Redox
Light / PAR
Turbidity
Total depth (m)

Halocline depth (m)

LIGHT PROFILE
AMG’s

SITE
m

m

DATE
m

m

m

m

m

TIME
m

PAR @ Surface
PAR @ Depth
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