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Executive Summary
Following a review of existing studies on Lake Mulwala and its catchment (Howitt
et al. 2004) five key knowledge gaps were identified: sediment quality, whether or
not the Lake undergoes thermal stratification, the distribution of algal blooms in
the lake, the condition of vegetation in the lake and surrounding riparian zones
and estimates of the loads of nutrients entering and leaving the lake. A
preliminary investigation into the first 4 of these knowledge gaps was undertaken
from November 2004 – June 2005. During the study period the lake did not
experience a large algal bloom so it was not possible to determine the factors
affecting the spatial distribution of blooms in the lake. This document reports on
outcomes of studies into the other three knowledge gaps and will be used to help
design a comprehensive monitoring program for Lake Mulwala.

Sediment Quality
An assessment of organochlorine pesticides, organophosphorus pesticides,
polychlorinated biphenyls, metal/metalloids (As, Cd, Cu, Pb, Hg, Se and Zn) and
hydrocarbon contamination in Lake Mulwala was undertaken. The purposes of
the project were firstly to determine the extent of contamination in the sediments
(gauged against Australian and international sediment quality guidelines) and
secondly, attempt to identify sources of contamination to the Lake. The levels of
organochlorine pesticides, organophosphorus pesticides, polychlorinated
biphenyls were beneath the detection limit of the analytical technique used., With
the exception of a few samples containing slightly elevated levels of As and/or
Hg, the levels of all metals in the lake were below the Australian Sediment
Quality Guidelines lower trigger level for further investigation for most
contaminants. High molecular weight hydrocarbons (up to 700 mg/kg) were
found in most sediments. Non-metric statistical analysis clearly showed that the
distribution of contaminants were different in different parts of the Lake, with
lowest concentrations generally found at the influent to the lake. While no
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definitive source of contamination could be identified, we argue that the
distribution of contaminants is consistent with most contamination coming from
upstream sources.
Thermal Stratification
A thermistor chain consisting of 10 tiny-tag thermistors was deployed at the
deepest part of the Lake for mid-January to mid-March. Thermal stratification
occurred during deployment for periods up to 10 days at a time. The implications
for thermal stratification on the biogeochemistry of the Lake, particularly the
cycling of nutrients, are discussed.
Vegetation Distribution and Condition
A program for monitoring vegetation associated with Lake Mulwala was
developed based on the methods of Baldwin et al (2004). This report presents
the fist (base line) assessment to characterise the riparian and aquatic vegetation
communities present in and around the lake in order to quantify changes in the
distribution, abundance and condition of vegetation over time. Apart for the
‘Everglades’, the distribution of native riparian vegetation surrounding the lake is
quite poor. Similarly, appreciable communities of submerged aquatic vegetation
were only recorded in the Everglades region of the Lake It was also noted that
canopy condition (based on in-situ chlorophyll fluorescence) of the riparian was
consistent with the macrophytes being stressed.
Although the quality of vegetation associated with Lake Mulwala is generally
poor, the eastern end, and in particular the extensive system of islands within the
Everglades, represents an area of high ecological value requiring conservation.
Further clearing of native vegetation in this region should be strictly controlled. It
is also important to protect the in-channel vegetation from detrimental impacts
from surrounding land-use by improving riparian vegetation in this region.
Generally revegetation of native plants within the riparian zone and lake edge of
the whole lake is required; however it would be most sensible and effective to
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focus on the Everglades and Central Lake regions. One of the major
improvements to be recommended is to increase the width of selected riparian
vegetation patches – it is preferable to progress via a series of connected blocks
of vegetation than attempt to increase the riparian width around the whole lake
(e.g. with a double row of trees).

5

1
1.1

Introduction
Identified Knowledge Gaps

Following a review of existing studies on Lake Mulwala and its catchment (Howitt
et al. 2004) five key knowledge gaps were identified:

1.1.1 Sediment quality
The importance of sediments as a sink for a range of substances including
nutrients, hydrocarbons, pesticides and heavy metals has been highlighted. This
means that the sediments are not only an important source of contaminants to
the water column, or sink of contaminants from the water column (depending on
the conditions at the time) they also potentially provide a method of assessing
the history of inputs to the lake. Analysis of sediment samples is important to
determine if heavy metals and pesticides (which have been poorly characterised
in the water column by existing monitoring programs) have been imported into
the lake over time, and whether they may have accumulated to concentrations
that may be of concern. In addition sampling sediment at increasing distances
from stormwater outputs could assist with the determination of the impact of
stormwater on the lake and the types of contaminants that are being introduced
to the lake from runoff. This would be an important tool when the management
of stormwater from Mulwala and Yarrawonga is being planned.
1.1.2 Thermal Stratification
It is particularly important to consider the possibility of stratification within Lake
Mulwala when dealing with the issue of nutrient inputs to the lake. The
biogeochemistry of sediments is quite different under anoxic conditions and, has
the potential to turn the sediments from a sink for nutrients and metals to a
source of metals and nutrients (particularly phosphorus). In addition, changes to
nutrient cycling under anoxic conditions can potentially result in the production of
chemical species like ammonia and hydrogen sulphide that are toxic to aquatic
organisms such as fish and mussels. It has generally been assumed that Lake
6

Mulwala is not subject to stratification, even in the summer period, as a result of
its shallow depth and rapid turnover of water. However, the presence of soluble
manganese (Samblebe 2003) suggests that at least part of the lake has very low
oxygen at some times. It is possible that under low flows, with little wind and
high organic loadings or, during periods of high temperature, that parts of the
lake become stratified and potentially oxygen depleted. It is important that the
question of stratification and oxygen depletion is addressed so that all potential
sources of nutrients and metals to the lake are considered in management plans.
1.1.3 Blue-Green Algae
It is clear that blue-green algae is an important issue for the management of Lake
Mulwala, especially as blooms not only interfere with the supply of drinking water
to local and downstream residents, but are also likely to coincide with peak times
for recreational use of the lake (as happened this summer) and have the
potential to impact on the tourist industry if the lake is closed to recreational
users during the summer months. An important step in dealing with the bluegreen algae problem is to reconcile the differences in the various monitoring
programs so that it can be determined if the increasing trends are real or the
result of changes to sampling or analytical techniques.
.
1.1.4 Vegetation Mapping
The existing studies of vegetation in Lake Mulwala have provided only a
snapshot of the vegetation communities over a very short period of time.
Management of the vegetation in and around the lake requires ongoing
monitoring so that annual or long-term community changes can be observed.
Processes threatening riparian and aquatic vegetation and known to occur in the
area surrounding Lake Mulwala include saline groundwater intrusion, introduction
of weedy and invasive species and increased nutrient loading and turbidity.
Given the potential threats and the lack of baseline data on vegetation at this
site, it is important to establish a monitoring program to assess any impacts of
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these threats over the coming years and also assist in future natural resource
management planning for Lake Mulwala.

1.1.5 Loads
It is not possible to calculate accurate load estimates for most chemical
parameters relevant to the lake from past water quality studies due to the low
frequency of sampling. Weekly or monthly data is simply of insufficient resolution
for accurate load assessments to be made, as nutrient concentrations in the
water can vary substantially over a period of days, or even hours.

1.2

Research Program

A research program was designed to address the first four of these issues –
sediment quality, occurrence of stratification, determining appropriate sampling
strategies for assessing the extent of algal blooms in Lake Mulwala and,
undertake a baseline assessment of vegetation in and around the Lake (see
MDFRC, 2004). Estimation of loads of will require a longer and more detailed
monitoring program (see later).
Of the four areas we were able to successfully under projects looking at sediment
quality (Section 2), extent of stratification (Section 3) and vegetation mapping
(Section 4). The proposed study of algal blooms in Lake Mulwala was predicated
on the assumption that an algal bloom would occur in Lake Mulwala during the
Spring-Summer-Autumn of 2004/5. This did not occur.
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2

Contaminant Levels in the Sediments of Lake Mulwala

2.1

Methods

Sediments were collected using a stratified random sampling design. The lake
was arbitrarily divided into three regions (Figure 1):
1. The Main Basin which is bounded on the west by Yarrawonga Weir wall
and the eastern boundary was the first line of dead trees. This is the
deepest part of the lake as well as the most urbanised- it is boarded to the
south by Yarrawonga and to the north by Mulwala.
2. The Central Region of the Lake which stretches from the start of the dead
trees to the west to the first island to the east. This section of the lake is
dominated by large stands of dead trees. This part of the lake is 3-4 m in
depth – deeper in the old river channel.
3. The Everglades is at the eastern end of the lake. This is the shallowest
part of the lake, consists of many small islands that are colonised with
macrophytes. The small town of Bundalong, which is a popular site for
water skiing, is to the south.
A total of 48 sediments were taken from the lake - 17 samples were taken from
both the Main Basin and the Central Section of the Lake and 14 sediment
samples were taken from the Everglades (Figure 1). Sediments were sampled
using an Eckman grab. Samples were placed in clean plastic bags, stored on
ice, returned to the lab and frozen. The frozen samples were sent to
Environmental Analysis Laboratory, Southern Cross University, Lismore, where
they were analysed for a suite of contaminants including petroleum
hydrocarbons, organochlorine pesticides, organophosphorus pesticides,
polychlorinated biphenyls, and, metals and metalloids. Carbon content
(measured as loss on ignition) was also determined. All concentrations are
quoted as mg/kg on a dry weight (dw) basis.
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Figure 1 – Map of Lake Mulwala Showing location of sediment sampling points in the Main Basin (yellow squares),
Central Region (white circles) and Everglades (red rectangles).
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Petroleum Hydrocarbons: 8 to 10 g of dried sediment was extracted with 20mL of
an 8:2 mixture of dichloromethane and the extract analysed by gas
chromatography with flame ionization detection. Petroleum hydrocarbons were
grouped into 3 fractions: C10 – C14, C15 – C28 and C29 – C36.
Organochlorine Pesticides and Polycylic Biphenyls: 8 -10 g of dry sediment was
extracted with 20 mL of a 1:1 mixture of hexane to acetone and analysed by gas
chromatography using dual electron capture detection. A list of organochlorine
pesticides and PCBs assayed for is presented in Table 1.
Organophosphorus Pesticides: 8 -10 g of soil was extracted with 20 mL of a 1:1
mixture of hexane to acetone and analysed by gas chromatography using
FPD/MS detection. A list of organophosphorus pesticides assayed for is
presented in Table 1.
Heavy Metals and Metalloids: Dried sediment was digested in 1:1 concentrated
nitric acid: concentrated hydrochloric acid in a microwave and metal and
metalloid concentrations determined by Inductively Coupled Plasma Mass
Spectrometry. Metals and metalloids assayed for were arsenic, cadmium,
copper, lead, mercury, selenium and zinc (APHA, 1992).
Statistical Analysis: Differences between the 3 sites based on single analyte
were assed using a t-test; where data was below the detection limit (as was the
case for some sediments for total petroleum hydrocarbons and selenium), the
data was assigned a value of zero. Differences between the three sites using all
the analytes combined were determined using the non-metric statistical
techniques Multi-Dimensional Scaling (MDS), ANOSIM and SIMPER using the
commercially available statistical package Primer (Clarke and Warick, 1994; see
also Baldwin et al. 1998 for application of non-metric statistics to sediment
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analyses) based on Bray-Curtis similarities on normalised data. The
concentration for each contaminant in each sample was normalised to the
concentration of that analyte in a selected sediment (Site 36- Figure 1) and then
combined before analysis. Normalisation was required to give equal weighting to
each analyte; site 36 was used as the concentration of each of contaminants at
this site was closest to the mean of all samples.

Organochlorine
pesticides
α- BHC
β- BHC
δ- BHC
HCB
Lindane
Heptachlor
Heptachlor epoxide
Aldrin
cis-chlordane
trans-chlordane
Endosulfun I
Endosulfun II
Endosulfun sulfate
Dieldrin
Endrin
4,4-DDT
4,4-DDD
4,4-DDE
Methoxychlor

Organophosphorus
Pesticides
Dichlorovos
Mevinphos
demeton
Ethoprop
Monocrotophos
Phorate
Dimethoate
Diazinon
Disulfoton
Methyl parathion
Ronnel
Fenitrothion
Malathion
Fenthion
Chloropyrifos
Parathion
Prothiofos
Azinophos methyl
Coumaphos

Polycyclic Biphenyls
Arochlor 1016
Arochlor 1232
Arochlor 1242
Arochlor 1248
Arochlor 1254
Arochlor 1260

Table 1 – List of organic contaminants assayed.

2.2

Results

2.2.1 Individual Analytes
Loss on Ignition: Loss on Ignition (LOI) is a surrogate measure for organic carbon
content of the sediments. LOI varied between about 2% to 25% for sediments
12

from Lake Mulwala with an average content of about 7%. There was a
statistically significant difference between the sediments found in the Everglades
compared to the Central Region or Main Basin (p< 0.05), but not between the
Central Region and the Main Basin – See also Figure 2. When LOI is plotted
against longitude it can be seen that there is an increase in LOI in the sediments
going from the east of the lake to the west. (Figure 3), although longitude only
explained a small amount of the variance in the LOI data (r2 = 0.14).
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Figure 2. Box and Whisper Plot showing the distribution of carbon (as measured
as Loss on Ignition) in the three regions of the Lake. The Box borders the 25th
and 75th percentiles, the median is represented by the solid line within the box,
the mean by the dotted line; the whisker caps encompass the 10th and 90th
percentiles, outliers are marked as symbols.
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Figure 3. Loss on ignition plotted as a function of Longitude (r2 = 0.14)

Total Petroleum Hydrocarbon: Petroleum hydrocarbons were detected in 41 of
the 48 sediment samples taken in the Lake (detection limit = 100mg/kg dw).
Almost all the hydrocarbons detected were from the heaviest petroleum fraction
(C29-C36); only two samples had detectable hydrocarbons from the intermediate
fraction (C15 – C28) and none of the samples contained hydrocarbons in the C10 –
C14 fraction. Although there was no statistically significant difference between
the total petroleum hydrocarbon (TPH) content for sediments from the Main
Basin and sediments from either the Central Region or the Everglades (p = 0.07),
of the 10 sediments with the highest TPH content, 7 were taken in the Main
Basin; the highest (700 mg/Kg dw) was immediately adjacent to a storm water
drain – outlier, Figure 4. There was a small increase in TPH concentration going
from the east of the lake to the west (Figure 5) but longitude only explained a
small amount of the variance in the TPH data (r2 = 0.13)

14

Total Petroleum
Hydrocarbon (mg/kg DW)

800
600
400
200
0

Main Basin Central Lake Everglades

Figure 4 - Box and Whisper Plot of Total Petroleum Hydrocarbons in the three
regions of the Lake
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Figure 5 – Total Petroleum Hydrocarbons in Lake Mulwala plotted against
longitude.
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Organophosphorus and Organochlorine Pesticides and Polychlorinated
Biphenyls: No organochlorine pesticides (detection limit = 0.05 mg/kg dw),
organophosphorus pesticides (detection limit = 0.5 mg/kg) or PCB’s were
detected in any of the sediments sampled.
Arsenic (As): Arsenic concentration in the Lake Mulwala sediments varied from 3
to 22 mg/kg dry weight (average 8.8 mg/kg). The sediments from the Main Basin
contained more arsenic than sediments from the Everglades (p = 0.05), but there
were no statistical difference between sediments from the Main Basin with those
of the Central Region of the Lake (p = 0.6) nor between the Central Region of the
Lake and the Everglades (p = 0.12), but there was a difference in As levels in
sediments from the Main Basin and those from the Everglades (p = 0.05 - Figure
6). There was only a weak correlation between As and longitude - r2=0.08; data
not shown.
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Figure 6. Box and Whisper Plot of Arsenic distribution in the three regions of the
Lake.
________________________________________________________________
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Cadmium (Cd): The cadmium concentration in the sediments from Lake Mulwala
ranged between 0.09 – 0.37 mg/kg; mean = 0.17. Significantly more Cd was
found in the sediments from the Main Basin and Central Regions of the lake than
in the Everglades (p=0.04); but there was no difference between sediments from
the Main Basin and the Central Lake (Figure 7).
Copper (Cu). The Cu concentration in the sediments ranged from 5 – 24 mg/kg;
mean = 18mg/kg. Significantly more Cu was found in the Main Basin (p=0.02)
and the Central Region of the Lake (p= 0.003) than the everglades; there was no
significant difference between the Cu concentration in the Main Basin and the
Central Region of the lake - also see Figure 8. There was an increase in Cu
concentration in the sediments going from east to west of the lake, but again
longitude only explained a small amount of variance in sediment Cu
concentration (r2 = 0.16; data not shown).
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Figure 7. Box and Whisper Plot of cadmium distribution in the three regions of
the Lake.
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Figure 8. Box and Whisper Plot of copper distribution in the three regions of the
Lake.
Lead (Pb): The lead concentration in the sediments from Lake Mulwala varied
from 8 to 30 mg/kg dw; average 20 mg/kg. Figure 9 clearly shows that there is
significantly more lead in the sediments from the Main Basin and the Central
Region of the Lake than present in the Everglades (p < 0.001). Thirty six percent
of the variance in Pb concentration can be explained by longitude (Figure 10);
with 8 of the 10 sediments containing the highest concentrations of Pb coming
from the Main Basin. There was also a strong correlation between the
concentration of Pb found in the sediments and the concentration of both Cu (r2 =
0.83) and Zn (r2 = 0.78).
Mercury (Hg). The mercury concentration in the sediments from Lake Mulwala
varied from 0.03 to 0.22 mg/kg; mean = 0.11 mg/kg. The sediments in the
Central Region of the lake contained significantly more mercury than sediments
from either the Main Basin (p < 0.001) or the Everglades (p = 0.005) - Figure 11.
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Figure 9. Box and Whisper Plot of lead distribution in the three regions of the
Lake.
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Figure 10 – Lead in Lake Mulwala plotted against Longitude (r2 = 0.36).
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Figure 11. Box and Whisper Plot of mercury distribution in the three regions of
the Lake.
Selenium (Se). The selenium concentration in the sediments from Lake Mulwala
varied from below detection (<0.1 mg/kg dw) to 1.1 mg/kg; mean = 0.45 mg/kg.
The sediments in the Central Region of the lake contained significantly more
selenium than sediments from either the Main Basin (p = 0.01) or the Everglades
(p = 0.05) - Figure 12. Selenium concentrations were highly correlated with loss
on ignition (r2 = 0.80).
Zinc (Zn). The zinc concentration in the sediments from Lake Mulwala varied
from 31to 140 mg/kg; mean = 98 mg/kg. The sediments in the Main Basin (p =
0.02) and the Central Region of the Lake (p= 0.04) contained significantly more
zinc than sediments from the Everglades - Figure 14. There was an increase in
Zn concentration in the sediments going from east to west of the lake, but again
longitude only explained a small amount of variance in sediment Zn
concentration (r2 = 0.11; data not shown).
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Figure 12. Box and Whisper Plot of selenium distribution in the three regions of
the Lake
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Figure 13. Box and Whisper Plot of zinc distribution in the three regions of the
Lake
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Stress = 0.09

Figure 14 – MDS of contaminant distribution in Lake Mulwala – yellow triangles
represent samples from the Main Basin, white Circles represents samples from
the Central Region and red squares the Everglades. Note the two outliers from
the Main Basin to the extreme right of the graph.

2.2.2 All Analytes Combined
Clarke (1993) described a comprehensive strategy for analysing biotic
community structure using a suite of non-parametric multivariate techniques. The
first step in this analysis is the display of community pattern using multidimensional scaling - MDS. MDS is in essence a pictorial way of representing a
point described in n–dimensional space in 2 (or 3) dimensions based on the
degree of similarity between that point and all other points The MDS analysis is
complimented by a non-parametric technique (“Analysis of Similarity” - ANOSIM)
which allows for testing of the null hypothesis that there is no difference between
previously defined sites. “Similarity percentages” - SIMPER is used to determine
the species responsible for the observed sample groupings. A similar approach
can be used for sediments where similarities between sediment compositions at
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various localities can be used to differentiate between localities (Baldwin 1996).
An MDS plot of sediment composition across all sites using all analytes
determined in the current study (loss on ignition, TPH, metals and metalloids,
normalised to the sediments from Site 36) is presented in Figure 13. From the
plot it can be seen that the sediments from the three regions show little overlap –
suggesting differences in contaminant loading between the three sites. In general
there is also relatively tight grouping of sediments within location, with only a few
outliers – in particular two sediment samples from the Main Basin and one from
the Central Region. The results of the pair-wise ANOSIM analysis of the
sediments are presented in Table 2. Based on our a priori groupings (Main
Basin, Central Region and Everglades), an ANOSIM analysis calculated a sample
statistic (global R) of 0.149 for the sediment data. From 999 permutations no
permutated statistics were greater than the global R; therefore statistically
significant differences exist between the three sites based on normalized
contamination loads.

SIMPER

analysis shows that there is some degree of variability within sites; with

sites from the Main Basin having an average similarity of 76%, the Central
Region 79% and the Everglades 78%. The degree of dissimilarity between the 3
regions of the Lake is presented in Table 3. In addition the Table contains a list
of the contaminants (in order of importance) that account for at least 50% of the
dissimilarity between pairs of sites.
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Compared Sites

Statistical Value

Significant

Significance

Statistics

Level (p = )

Main Basin to Central Region

0.115

3

0.004

Main Basin to Everglades

0.185

5

0.006

Central Region to Everglades

0.161

7

0.008

Table 2 – ANOSIM results for comparison of sediment contaminants in the 3
regions of the Lake
________________________________________________________________
SIMPER

analysis shows that there is some degree of variability within sites; with

sites from the Main Basin having an average similarity of 76%, the Central
Region 79% and the Everglades 78%. The degree of dissimilarity between the 3
regions of the Lake are presented in Table 3, In addition the Table contains a
list of the contaminants (in order of importance) that account for at least 50% of
the dissimilarity between pairs of sites.

Main Basin

Central Region

Everglades

23.7% (TPH, Se, As LOI)

26.5% (TPH, Pb, Se, Cd)

Central Region

24.5% (Se, TPH, As, LOI)

Table 3 – SIMPER analysis showing degrees of dissimilarity between sediment
compositions in the three regions of the Lake. The elements in Brackets caused
the greatest dissimilarity between sites.

2.3

Discussion
2.3.1 Lake Mulwala Sediment Quality Compared against Australian and
International Standards
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The Australian Water Quality Guidelines for Fresh and Marine Waters (ANZECC
2000) offers a framework for assessing sediment quality. For many metals and
organic compounds the guidelines contain two values – Interim Sediment Quality
Guideline - Low (ISQG-low; also called the ‘trigger value’) and the Interim
Sediment Quality Guideline- High (ISQG-High). Sediments with concentrations
below the ISQG-Low are thought to pose little, if any, risk to the environment. If
the sediment concentration is above the ISQG – High value, the sediments may
pose a risk to the environment and a series of investigations need to be
undertaken including assessment of bioavailability of the contaminant in question
and, acute and chronic toxicity testing of the sediment.

Table 4 lists the ISQG levels for analytes relative to the current assessment. The
current guidelines do not contain values for Se or TPH, two of the contaminants
that simper analysis identified as responsible for differentiating between
sediments. The guidelines do contain ISQG values for a few of the organic
contaminants measured, but as they weren’t detected in the sediments they have
been omitted (although it must be noted that some of the ISQG values for these
compounds are lower than the method detection limit of the technique used in
the current study). Table 4 shows that at least some of the sediments contained
levels of As and Hg higher than the ISQG – low (the trigger level for further
investigation).
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Arsenic: The ISQG - low value quoted in the Australian Guidelines is high relative
to other international standards. For example The Ontario Ministry of
Environment Screening Levels Guidelines (Persaud et al. 1990), set a ‘low’ value
(i.e. a level below which an adverse effect is small- equivalent to ISQG-low) at 6
mg/Kg and ‘Severe’ level (where adverse effects are expected) at 33 mg/kg. The
Canadian Environmental Quality Guidelines quote values for ISQG in freshwater
sediments at 5.9 mg/kg and a Probable
Analyte

ISQG-

ISQG –

Mean

Low

High

Concentration

(mg/kg)

(mg/kg)

(mg/kg)

Range

Number of
samples

(mg/kg))

exceeding
ISQG-Low

TPH

n/a

n/a

150

ND - 700

n/a

As

20

70

8.8

3-22

1

Pb

50

220

20

8-30

0

Cd

1.5

10

0.17

0.09 - 0.37

0

Cu

65

270

18

5 - 24

0

Se

n/a

n/a

0.45

ND- 1.1

n/a

Zn

200

410

98

31 - 140

0

Hg

0.15

1

0.11

0.03 – 0.22

12

Table 4 – Australian Sediment Quality Standards for selected contaminants
compared to levels found in Lake Mulwala. Levels below ISQG-low are thought
to have little, if any, negative impacts on the environment, levels above ISQG –
High are thought to have a probable effect.

Effects Level (i.e. the ‘lower limit of the range of contaminant concentrations that
are usually associated with adverse biological effects) at 17mg/kg. More than ¾
of the sediment samples examined had As levels higher than the Canadian
trigger levels, and while none of the sediments had As levels that would be
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considered ‘Severe’ under the Ontario Ministry of Environment Screening Level
Guidelines (Persaud et al. 1990), one sediment sample exceeds the Probable
Effect Level outlined in the Canadian Environmental Quality Guidelines
(Environment Canada, 2003).

Where sediment data fall between the ISQG-low and – high levels, the Australian
Guidelines recommends an assessment of the sediments against background
concentrations – as the levels may be naturally high and not represent human
interference. However, there is very little peer reviewed literature on arsenic
distribution and dynamics in inland Australian waterways (Smith et al, 2003).
Arsenic has been detected in the sediments of the Murray River near Albury –
but at substantially lower levels than found in Lake Mulwala (up to about 0.3mg
As /kg dw – Baldwin unpublished data). However, the sediments in the Murray
River at Albury are mostly sand and only contain a small percentage of silt and
clay – the fraction where most of the As should be bound.

Mercury. 25% of the sediment samples in Lake Mulwala had Hg concentrations
that exceeded the ISQG – low for Hg. While this is of some concern, the
mercury level never approached the ISQG – high level. Interestingly, under the
Ontario Ministry of the Environment Guidelines (Low = 0.2 mg/kg; Severe = 2.0
mg/kg) only one sample would have exceeded the Trigger Value. Like As, there
is little published data on Hg levels in inland Australian water, so it is difficult to
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determine whether the observed levels represent natural levels or indeed are a
result of contamination.

Selenium: There are no ISQG levels for selenium reported in the Australian (or
indeed either of the Canadian) guidelines. A Literature search has revealed that
there isn’t a consensus value for selenium concentrations in freshwater
sediments, although selenium is toxic to aquatic organisms. As an example, the
San Francisco Estuary regional Monitoring Program
(http://www.sfei.org/rmp/1998/c03.html) has recommended a low trigger level of
1.5 mg/kg; which is above the highest concentration of Se found in the Lake
Mulwala sediments.

Total Petroleum Hydrocarbons: Like selenium there is no consensus value for
Total Petroleum Hydrocarbon levels in aquatic sediments. Because they are
invariably a complex mixture of different types of hydrocarbons, the toxicity of
TPH’s can vary widely depending on the composition of the mixture (Irwin et al
1998). Without any numerical guidelines, it is difficult to ascertain how significant
the observed levels of hydrocarbons in the sediments of Lake Mulwala actually
are. Irwin et al. (1998) suggests that background concentrations of 30-40 mg/kg
are not atypical, while the US EPA (1977) defines sediments containing more
than 2000 mg/kg oil and grease (similar to the high molecular weight fraction
found in Lake Mulwala) as contaminated. As most of the sediments only
contained relatively low levels of hydrocarbons (<200 mg/kg), it could be
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suggested that the levels of hydrocarbon residues don’t present an immediate
threat to the ecology of Lake Mulwala, but their levels should be monitored over
time.
2.3.2 Distribution of contaminants in Lake Mulwala
Overall: The data clearly show that the distribution of contaminants in Lake
Mulwala is not uniform. When all analytes are combined, there is a statistically
significant difference between the sediments in the Main Basin, the Central
Region of the Lake and the Everglades. However, from the data is not possible to
assign the drivers of this difference, or indeed the source of contamination.
Metals: For the metals and metaloids, the levels of most contaminants were
lower in the Everglades than the Central Region of the Lake or the Main Basin.
Apart from Hg and Se, there was no statistically significant difference in the
distribution of contaminants between the Main Basin and the Central Region of
the Lake. However, this result was strongly influenced by two samples taken
from the Main Basin that had anomaly low levels of contaminants (the two points
to the right of Figure 14). If these two samples are removed from the analysis,
the Main Basin would have statistically more Pb and Zn than the Central Region,
but there still would be no difference with As, Cd or Cu. For As, Pb, Cd, Cu and
Zn there was a linear correlation between longitudinal position in the lake and
contaminant concentration – with concentrations increasing from east to west;
however only a small amount of the variance in contaminant concentration could
be explained by longitude (r2 ranging from 0.08 – 0.36); Although again the low
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correlation was driven in part by the inclusion of two samples from the Main
Basin that had anomaly low levels of contaminants.
From the distribution of metals and metaloids it is impossible to unequivocally
assign sources to the pollutants. For example, while the concentration Pb were
highest in the Main Basin compared to other two sites, there was a gradual
increase in concentration along the length of the Lake rather than a clear
indication of a point source or contaminant ‘hot spot’ - which would show up as a
‘break point’ on a distribution diagram like Figure 4. Furthermore, of, the 12
samples that exceed the ISQG- low value for mercury, 11 came from the Central
Region of the Lake – the area with the lowest level of urbanization. The
observation that individual metal levels are similar in the Central Region (with
little urbanization) and the Main Basin suggests that development in the latter
region is not contributing a significant amount of metals to the Lake sediments.
One possible explanation for the observed distribution of metals in the Lake is
that the metals are derived from upstream sources, but, because most of the flow
follows along the old river channel, sediment deposition does not occur in the
Everglades as would be expected, but further along the Lake (in the Central
Region).

Hydrocarbons: There is a low but detectable level of high molecular-weigh (oillike) petroleum hydrocarbons in the sediments of Lake Mulwala. However, like
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the metals, it is impossible to unequivocally assign sources for these
hydrocarbons. A priori, because of the large amount of recreational boating on
the Lake, then one might consider powerboats, primarily those using two-stroke
motors, as a possible source of the contamination. While boats are probably
source of the contamination, the data doesn’t support the notion that they are the
main cause. For example, the levels of TPH in sediments near Bundalong,
where there is a considerable water-skiing activity, is the same as other areas of
the Everglades where boating is more difficult. Similarly for storm water impacts
- while the sample with the highest concentration of TPH was adjacent to a
Yarrawonga storm-water drain, the TPH levels in a similar sediment sample
taken from near a storm water drain on the Mulwala side of the Lake was no
different than sediments from the Central Region of the Lake.

2.4

Conclusion

Analysis of contaminant levels in sediments is a useful way to measure adverse
effects on the environment over time. The current data set provides a useful
baseline for the long-term monitoring of human impacts on Lake Mulwala.
Currently the levels of contaminants (with the exception of Hg and As) fall below
levels that Australian and International Standards would recommend further
investigation. Twelve sediment samples (mostly from the Central Region of the
Lake) had Hg levels, and one sediment sample (again from the Central Region of
the Lake) had As levels greater than the Australian Sediment Guidelines trigger
levels for further investigation. While this is of some concern, the levels are still
well below levels where harmful environmental effects would be expected.

31

32

3

3.1

Thermal Stratification in Lake Mulwala.

Methods

Ten TinyTag™ thermistors (with an accuracy of ± 0.15 oC) were attached at
intervals (from 0.5 m from the bottom to 13.0 m from the bottom) along a plastic
rope that was weighted at one end and fitted with a float at the other. The
thermistor chain was deployed in the deepest part of the Lake (14.5 m at the time
of deployment) immediately to the west of the railway bridge. The thermistors
were programmed to take temperature measurements every 30 minutes from
11.00 am 18th January 2005 (Day 0) until 11.00 am 18th March 2005 (Day 57).

3.2

Results

The data clearly shows that there were periods of temperature differentials
between surface and bottom waters in lake Mulwala (Figure 15); with differences
in temperature between the deepest thermistor (0.5 m above the sediment
surface) and the shallowest thermistor (nominally 1.5 m below the water surface)
of up to 6 oC (Figure 15). Temperature differentials existed between the surface
and bottom waters for periods of up to 10 days at a time (Figures 15 and 16). An
animation showing the temperature at all depths at noon each day during the
deployment period is presented in the supplementary material (noon temp.pps).
The animation shows the development of thermal stratification on a number of
occasions during the deployment. A clear thermocline developed between days
5 and 14 following deployment, but was subsequently broken down by a severe
storm – shown by the significant loss of water temperature over the following
days. Weaker but persistent stratification occurred from days 30 – 40, and a
stronger stratification period had formed by the end of the deployment period
(Days 51 onwards).
Figure 17 shows the thermal profile in the Lake on Day 8 (27th of January 2005).
The surface waters respond to changes in the overlying air temperature; heating
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Figure 15 – Temperature Measured at 30 minute intervals at nominally 1.5 m
below the water Surface (Surface) and 0.5 m above the bottom sediments
(Bottom) in Lake Mulwala
________________________________________________________________
up during the course of the day. However, a distinct and persistent thermocline
is evident at between 6 and 8 metres below the Lake’s surface. An animation of
changes in temperature over the profile from Day 5 to Day 15 at 2 hourly
intervals is presented as an in the supplementary material
(day5day14@2hrs.pps). At the start of the animation (midnight on Day 5) the
Lake is well mixed. The animation shows the start of the formation of thermal
stratification on day 5 after sun rise as the surface waters begin to heat up. They
cool down after nightfall, but not to the same temperature as the lower waters. A
distinct thermal gradient is then formed over the proceeding days; and although
the temperature differential between surface and bottom waters changes over
the period, the data clearly shows that the water at the bottom two stations
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consistently remains colder than the surface water, suggesting only minimal
mixing at best. As noted above, the thermal differential between surface and

Temperature Difference Between
Surface and Bottom Waters (oC)

bottom waters was finally destroyed by a strong storm.

0
1
2
3
4
5
6
18 Jan

28 Jan

8 Feb

18 Feb

28 Feb

10 Mar

20 Mar

Date
Figure 16 – temperature differential between surface and Bottom Water in Lake
Mulwala at 30 minute intervals

3.3

Discussion

Thermal stratification influences the biogeochemistry of water bodies. Therefore,
in order to understand how Lake Mulwala functions it is important to have some
understanding of the thermal conditions in the Lake. To achieve this objective 10
thermistors were deployed in the deepest part of the Lake. The deepest
thermistor was 0.5 M above the sediment bottom and the shallowest nominally
1.5 m below the water surface. Although the water level in the Lake can be
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variable, the top most thermistor was deployed at a depth so that it should
remain immersed through out the deployment period.
Choice of site of the thermistor chain was also important. We needed to deploy
the thermistor chain in an area where it would be as inaccessible as possible to
limit the opportunity for vandalism. We also needed to deploy the chain as near
as possible to the deepest part of the Lake. Therefore, the chain was deployed
in the no-boating area to the west of the railway bridge. However, this area is
also more prone to water movement; it is adjacent to the off take for the
Yarrawonga Main Channel and the Yarrawonga Weir’s gates. Therefore, there
was a risk that, if stratification was occurring in other parts of the Lake, we may
not have observed it because of mixing. However, the data clearly show
evidence for thermal stratification in Lake Mulwala.
The Lake can exhibit temperature differentials between bottom and surface
waters during summer – although, as would be expected for a shallow water
body, the differential doesn’t persist. During the period of deployment,
measurable temperature differences between the surface water and bottom
waters existed for periods of up to 10 days before breaking down. Breakdown of
thermal stratification was certainly as a consequence of climatic conditions.
Probably the most notable case was on Day 15 (3rd of February) when there was
a rapid decrease in the temperature of both the surface and bottom waters – with
surface water temperature dropping nearly 10 oC within the space of about a day.
This coincided with large storm and cold front that hit Yarrawonga on Wednesday
2nd February. Rainfalls of up to 100 mm caused minor flooding in the Ovens
River and Thursday 3rd February was the coldest recorded February day in
Albury’s history (Border Mail 5/2/05 pp 4-7).
Although not measured, it is probable that thermal stratification has led to anoxia
in bottom waters. The depth and strength of the thermocline vary over time in
the Lake; but a thermocline at about 6 meters would mean the potential for the
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formation of anoxic bottom waters in an area covering most of the Main Basin in
the Lake.

3.4

Implications:

Thermal stratification of Lake Mulwala should result in periods of low oxygen
concentrations (anoxia). These periods of anoxia play an import role in the
biogeochemical cycling of nutrients and some metals.
Phosphorus - It has been long recognized that significant release of P from the
sediments can occur under anoxic conditions (Einselle, 1936; Mortimer, 1941).
The P release was often accompanied by the co-release of dissolved Fe. There
is still some conjecture about the mechanisms responsible for P release from the
anaerobic part of the sediments, however, it is becoming increasingly obvious
that anaerobic microbiota are responsible for a significant proportion of this
release (e.g., Roden and Edmonds, 1997, Mitchell and Baldwin, 1998). The net
result of anaerobic bacterial activity is a flux of reduced Fe (and Mn), sulfide and
P from the sediments to the overlying water column. If the overlying water is well
oxygenated (as occurs in well mixed systems), the reduced iron is rapidly
oxidised back to Fe3+, re-binds with the phosphorus and precipitates from
solution. However, if the overlying water is anoxic, as occurs following
stratification, there can be a build-up of dissolved P in the bottom water
(hypolimnion). On turnover, this P is mixed with surface water where it can be
assimilated into biomass (including blue-green algae). Because the stratification
is breaking down a number of times during the summer, this results in pulses of
P to the overlying water column. We have not measured the rate of release of P
from the sediments, but a study of Lake Nagambie, which would be expected to
behave similarly to Lake Mulwala, showed that up to 9 mg P m-2 day-1 can be
released from the sediments under anoxic conditions (Hart et al. 2000).
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Arsenic: As noted elsewhere in this report, the sediments in Lake Mulwala
contain detectable levels of arsenic. Like phosphorus, arsenic is released from
sediments under anoxic conditions. As associated with iron minerals can be
released when Fe is reduced (in an analogous manner to P). Also, like iron,
while the oxidised form of arsenic –As (V) - is insoluble, the reduced form – As
(III) - is soluble.
Nitrogen: the cycling of N in aquatic systems also relies on anoxic conditions. In
particular, nitrogen fixation and the reduction of nitrate to ammonia both occur
under anoxic conditions. Under conditions of stratification, ammonia1 can build
up in the hypolimnion and again, following breakdown of thermal gradients, pulse
into surface waters. Ammonia fluxes were not measured in the current project
but fluxes of up to 30 mg N m-2 day-1 have been measured for Lake Nagambie
(Hart et al. 2000).

3.5

Recommendations:

The results clearly show that stratification can occur with the lake, with the
assumption that this leads to anoxia in the hypolimnion which in turn can result in
the mobilisation of P, As and NH4+ to the overlying water column. It is
recommended that:
1. A study of flow paths in Lake Mulwala be undertaken to document the
major flow paths in the Lake and also to identify any areas of low/no
mixing.
2. This study be expanded to include the deployment of a number of
thermistor chains through out the Lake (a minimum of one at the railway
1

It is of note that both ammonia and sulfides (two species that build-up in the
hypolimnion during stratification) are potentially toxic to aquatic organisms.

bridge, one in the Main Basin and one in the Everglades and in any areas
of low/low flow or exchange) for an extended period of time to measure
the temporal and spatial extent of stratification.
3. That routine dissolved oxygen profiles are taken at a number of sites
within the Lake to measure the extent of anoxia.
4. A small pilot study be undertaken to determine the flux of materials from
Lake Mulwala sediments under anoxic conditions.
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4

Vegetation Assessment.

A program for monitoring vegetation associated with Lake Mulwala was
developed based on Baldwin et al. (2004), and the initial, baseline assessment
was performed. The program has been designed to characterise the riparian and
aquatic vegetation communities present, and quantify changes in distribution,
abundance and condition over time. Repeat assessment is recommended every
five years.

4.1

Methods

Vegetation assessment involved a combination of GIS analyses and on-ground
point, quadrat and transects sampling techniques. Parameters assessed
included vegetation community structure (species composition, distribution and
abundance) and condition (vegetation cover, canopy condition and standing
litter) and are detailed below. Where possible, comparisons were made to EVC
benchmarks (Department of Sustainability and Environment, VIC). Vegetation
parameters were assessed based on the regional groupings described previously
(Section 2 - Main Basin, Central Lake and Everglades).
4.1.1 Distribution mapping
High-resolution geo-referenced colour photography of the lake and surrounds
was obtained from the MDBC. As efforts to source recent imagery were
unsuccessful, images obtained in 2001 were used for GIS analyses. The
distribution of dominant riparian vegetation species and some macrophytes were
determined from this imagery by supervised classification of spectral reflectance.
Species distribution data obtained from GIS analyses were ground-truthed on
28/01/05 at 20 locations around the lake edge (Figure 18). A subset of these
sites were visited on 24th and 29th August, 2005, to obtain canopy cover, tree
density, litter cover and tree condition data. On these latter field trips,
submerged macrophyte distribution was assessed at 10 – 20 points along single
transect through each lake region (Figure 18). Water depth was determined at
each sampling site within the lake, and used to create cross-sectional profiles of
the transects showing plant distribution. A sub-set of field sampling and ground41

truthing sites were selected as photo-points (Table 5). Datasets were collated
into a GIS, with vegetation distribution data recorded as overlays of the digital
imagery. The GIS has the capacity to include future monitoring data, thus
facilitating analyses of vegetation changes over time. As well as the distribution
maps and cross-sectional sketches developed, a range of distribution parameters
were calculated from the GIS:
 areas and ratios of area to perimeter of vegetation patches occurring in the
riparian zone and on islands within the lake,
 lengths and widths of riparian veg patches and vegetated lake edge as a
proportion of total,
 lengths and numbers of significant discontinuities in riparian vegetation
(gaps greater than 3 x canopy width).
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Figure 18. Map of Lake Mulwala showing locations of sites used to validate GIS
vegetation analyses or for field measurements (numbered) and positions of
sampling transects (black hatched lines). Grey dashed lines divide the lake into
the three study regions (Main Basin, Central Lake and Everglades).
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Table 5. Site summary data. Site co-ordinates are based on GDA 94 zone 55.
Site Name
1
Leahy's
Reserve

5b

Kyffin's
Reserve

Central

414682.7

6018070

5c

Kyffin's
Reserve

Central

414178.9

6018733

6

public
reserve

Central

412363.2

6018531

Central

411885.2

6018035

Main

411106.7

6017358

Field Notes
Opposite Drain Lane. Weeping willow, RRG,
Phrag, Typha, Box, Ludwigia, Pers, Azolla, J.
usit, dead gums; Rip trees mostly adults, min
DBH of ~20 cm. Handful of saplings.
Fewer macrophytes, denser gums
Heaps of Peppercorn trees and Robinia
Sparse veg - RRG, pepper, willows
Very sparse veg (cleared camping area) RRG, Will, Pep, Ph, J. acutus; dead trees in
water, no apparent floating or em veg
Veg adjacent to lake sparse, but denser further
back; Rip = RRG, will, pep, box; more ph on
edges; open water with dead trees and no
floating or em veg
Near western park entrance. Rip = RRG, will,
robinia, box; ty, J. usit, pers, Cyp; fragments of
Elodea or Egeria washed up; open water with
no em or fl veg; denser rip veg some regen
very little rip veg (box, pep, will, RRG, pop,
Rob), Ty, J. usit, J. ingens
Public boat ramp. Mature box, RRG, will,
irrigated lawn; Ty; open water with dead trees;
little rip veg
very little veg

Main

410719.0

6017157

rip = will, planted gums, RRG

Main

410946.5
411423.6
411703.1

6014853
6014795
6015368

public boat ramp, introduced veg (park)
planted with introduced spp – will, lawn, etc
will and lawn

414242.3

6015273

Central

415247.9

6013601

Pub boat ramp & jetty. Very little veg: will,
grass, Ty
veg as above

2
3
4
5a

Kyffin's
Reserve

7
8a
8b
9a
9b
10
11
12

Mulwala
Canal
J. W. Purtle
Park

Region
Everglades

Easting
422449.8

Northing
6015860

Everglades
Everglades
Central
Central

421615.5
420628.6
419916.0
415065.6

6015798
6015739
6015833
6017689

Yarrawonga Main
Yacht Club
Central

Everglades

420455.5

6013700

RRG (single row), will; Ty; dead trees and veg
covered islands

14

Buchanan's
Rd Boat
Ramp
Majors
Creek Boat
Ramp
Gough's Ln

Everglades

424831.5

6012581

15

Bundalong

Everglades

425311.8

6012348

16

Bundalong
Boat Ramp

Everglades

425795.6

6012025

Remnant RRG where houses are, otherwise v.
nice and dense RRG, A. dealbata, Ty, will.
Islands covered with dense native veg
Edge veg cleared for grazing/development =
mostly RRG, some Rob, pep, A. dealb; Ph,
Eleocharis, Azolla, J. usit, Carex, Ludwidgea,
Vall no regen. Again, islands covered with
dense native veg.
public boat ramp

13
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Table 6. Sites selected for photo points. Site reference numbers are as per
Figure 18 and Table 5.
Site
1

Region

Location

Direction

Everglades

on track ½ way from road to lake;
10 m from lake edge

2
4
5b

6

Everglades
Central
Central

Central

west;
SE

Notes

Figure

riparian zone;

20.n

lake

20.o

on track ½ way from road to lake;

east;

riparian zone;

20.p

from lake edge

south

lake

20.q

on track ½ way from road to lake;

west;

riparian zone;

20.e

at lake edge

SSE

lake

20.f

on track;

south;

riparian zone;

20.g

5m from lake edge;

north;

lake edge;

20.h

5m from lake edge

south

lake edge

20.i

centre of clearing;

north;

riparian zone;

20.j

broken jetty;

south;

lake edge;

20.k

centre of clearing

east

lake

20.l

east

lake

20.a

8a

Main

lake edge near dead stump

8b

Main

centre of car park;

south;

riparian zone;

20.b

north edge of boat ramp

north

lake edge

20.c

lake

20.d

riparian zone

20.m

lake

20.r

10

Main

centre of car park

north

12

Central

centre of car park

NE

16

Everglades

10 m from lake edge

north

4.1.2 Species composition
The composition of species within the upper riparian canopy was determined
from remotely-sensed imagery as outlined above. On-ground assessment was
required for other species, with identification limited to aquatic and riparian
species. This involved the collection and identification of plant samples from the
sites and transects presented in Figure 18. Within the lake section of each
transect, submerged macrophytes were assessed using grab samplers. A
sampling effort limit of 10 minutes was applied to the riparian sites. Plants were
identified to species level using appropriate taxonomic keys and a species list
was constructed. Voucher specimens were not lodged with a herbarium for
confirmation of identification as the field officer had a high level of taxonomic
expertise.
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4.1.3 Vegetation Abundance
Density of trees in the upper canopy was determined from aerial photography for
each of the study sites presented in Figure 18. While regeneration was not
explicitly quantified in this study, the presence of different demographic groups
(Baldwin et al., 2004) was noted at each field site. Macrophyte density was not
assessed in this study.
4.1.4 Vegetation Cover
The percent cover of the upper canopy of riparian vegetation and the litter layer
was assessed in the field using quadrats in comparison to percent cover charts
(Baldwin et al., 2004).
4.1.5 Canopy Condition
The physiological condition of plant foliage was determined from in-situ
measurements of chlorophyll fluorescence of the dominant native tree species
occurring at each site, using a Hansatech HandyPEA. Assessment of River Red
Gum in the Main Basin region was not possible due to a lack of replicate trees at
the Main Basin sites.
4.1.6 Standing Litter
In addition to the percent cover of litter assessed as described above, the mass
of standing litter at each site was determined from litter collections. Litter was
collected from replicate 1 m2 quadrats in riparian vegetation patches within the
three regions of the lake on 24th and 29th August, 2005. Sample masses were
determined after drying for at least 48 hours at 60 oC.

4.2

Results

The distribution of vegetation within and around Lake Mulwala observed during
this study is shown in Figure 19. In general, the lake’s riparian vegetation
consisted of a narrow strip (median canopy width of 26 m) of remnant mature
River Red Gums (Eucalyptus camaldulensis), replaced by exotic tree species
(e.g. Weeping Willows – Salix babylonica) towards the western end of the lake.
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A list of aquatic and riparian species observed during the study is presented in
Table 7, and the areas occupied by dominant species are shown in Table 8.
Overall, 62% of the lake’s edge was vegetated, with 33 aquatic and riparian
species observed. While not observed in-situ in this study, the introduced weeds
Egeria densa and Sagittaria montevidensis have been reported in the Central
Lake and Everglades regions, respectively (Lewin and Putt, 1999). Partially
decomposed fragments of either Elodea sp. or Egeria densa were observed
washed up at site 5c; however the samples were in too poor a condition to allow
identification. The total area of vegetation within and around the lake was 402
ha, with native species comprising 95% of this area (Table 9).
Substantial differences were observed in the vegetation characteristics of the
three lake regions. Very little riparian vegetation occurred in the Main Basin
region (4 ha), most of which was comprised of a single row of introduced species
(median canopy width of 14 m) (Figure 19; Table 9). In-channel vegetation was
also very scarce in this region, with no submerged species observed along the
study transect (Figure 20.a), and effectively no emergent macrophytes (Table 8).
Riparian vegetation in the Central Lake region was characterised by cleared
farming land, some of which was under development for residential purposes.
While the total area vegetated in this region was quite high (106 ha riparian and 3
ha in-channel, Table 9), the vast majority of this occurred in a single large patch
(72 ha) of remnant River Red Gum at Kyffin’s Reserve (sites 5a, 5b, 5c on Figure
18). The median canopy width of riparian vegetation in the Central Lake region
was 17 m (Table 9). Mature River Red Gums dominated the riparian vegetation
in this region, although exotic species such as Willows were common along the
southern lake edge (Figure 19, Table 8). Other species observed in this region
included Eucalyptus largiflorens, Acacia dealbata, Phragmites australis, Typha
domigensis, Juncus spp., Cyperus spp., Carex spp. and Azolla spp. Submerged
macrophytes (Potamogeton spp and Elodea sp.) were observed along the
Central Lake transect, occurring in some of the shallower areas (Figure20.b).
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Table 7. List of riparian and aquatic species observed throughout Lake Mulwala.
** N = native; I = introduced.
Occurrence in Lake Regions
Common name

Scientific name

**

Main

Central

Everglades

River Red Gum

Eucalyptus camaldulenses

N

Black Box

Eucalyptus largiflorens

N

Weeping Willow

Salix babylonica

I

Crack Willow

Salix fragilis

I

9
9
9
9

Silver Wattle

Acacia dealbata

N

9
9
9
9
9

Silver Poplar

Populus alba

I

Peppercorn Tree

Schinus molle

I

Robinia

Robinia pseudoacacia

I

Date Palms

Phoenix sp. (dactylifera?)

I

Common Reed

Phragmites australis

N

Broad-leaf Cumbungi

Typha orientalis

N

Narrow-leaf Cumbungi

Typha domigensis

N

Pacific Azolla

Azolla filiculoides

N

Ferny Azolla

Azolla pinnata

N

9
9
9
9
9
9
9
9
9
9
9
9
9
9

Water Primrose

Ludwigia peploides

N

Water Pepper

Persicaria hydropiper

N

Slender Knotweed

Persicaria decipiens

N

Spiny Rush

Juncus acutus

I

Giant Rush

Juncus ingens

N

Common Rush

Juncus usitatus

N

Marsh Clubrush

Bolboschoenus fluviatilis

N

Common Spike Sedge

Eleocharis acuta

N

Tall Spikerush

Eleocharis sphacelata

N

Sedge

Cyperus exaltatus

N

Tussock Sedge

Carex appressa

N

Hollow Sedge

Carex tereticaulis

N

Elodea

Elodea sp.

N

Common Water Milfoil

Myriophyllum papillosum

N

Ribbonweed

Vallisneria gigantea

N

Waterwort

Elatine gratioloides

N

Curly Pondweed

Potamogeton crispus

N

Floating Pondweed

Potamogeton tricarinatus

N

9
9

Dense Waterweed

Egeria densa

I

possible
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9

9

9
9
9
9

9
9
9
9
reported

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

Partly decomposed fragments of a submerged plant which may have been either
Elodea sp or Egeria densa were observed washed up on shore at site 5c,
however accurate identification of the samples was not possible. Some natural
regeneration of native species was observed at Central Lake sites.
In comparison to the other lake regions, the Everglades were heavily vegetated –
72% of the lake’s total vegetation area occurred in this region (Table 8). Species
diversity was higher in the Everglades (30 species) compared to the Main Basin
(6 species) or Central Lake (26 species) regions (Table 9). A total of 279 ha of
the Everglades were covered in River Red Gum, Silver Wattle, Black Box,
Common Reed, Cumbungi, Juncus spp., Eleocharis spp., Cyperus spp. and
Carex spp., while 5 ha of introduced plants (Willows, Pepper Trees, Robinia)
were also observed (Figure 19, Table 8). The transect across the lake was not
straight in this region because of the extensive system of islands occurring here.
Because of past clearing on the mainland for agricultural purposes, and more
recently for residential development, much of the vegetation in the Everglades
occurred associated with these in-channel islands (67%) (Table 9). The lake
transect revealed a far more diverse (11 species) and abundant (5 ha) flora of
submerged and floating-leaved macrophytes (Ludwigia peploides, Vallisneria
gigantea , Azolla spp., Myriophyllum sp., Persicaria spp., Elodea sp., Elatine
gratioloides and Potamogeton spp.) than observed in the other lake regions
(Figure 20.c). The median riparian vegetation canopy width in the Everglades
was 48 m (Table 9), which was significantly higher than in the other lake regions
when the outliers associated with Kyffin’s Reserve are excluded from analysis (p
< 0.06, F = 3.89, n = 30).
In the Main Basin and Central Lake regions, much of the vegetated lake edge
(33% and 53%, respectively – Figure 24 a) was comprised of a single row of
trees (Figure 23 b), leading to vegetation patches with low area to edge ratios (an
indicator of habitat quality for native fauna) (Table 9, Figure 22a). In contrast, a
range of riparian patch sizes occurred in the Everglades, with a significantly
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Table 8. Areas of dominant species and their distribution throughout Lake
Mulwala.
Species
River Red Gum
Box
Willow and other exotics
Typha
Phragmites
Juncus
Vallisneria
Other submerged and low-growing
annual native macrophytes
TOTAL

Total area
(ha)
314.4
1.2
18.7
28.0
23.4
10.1
4.7
1.7
402.2

Distribution throughout lake regions (%)
Main Basin Central Lake Everglades
<1
27
72
<1
98
<1
24
50
26
0
0
85
0
24
76
0
8
92
0
0
100
0
1

88
27

12
72

Table 9. Summary of vegetation parameters for the whole of Lake Mulwala and
the three study regions.
Vegetation Parameter
Riparian vegetation area (ha)
In-channel vegetation area (ha)
Total area vegetated (ha)
% veg area native
% lake edge vegetated
Total no. of riparian/aquatic spp.
No. native riparian/aquatic spp.
Median riparian canopy width (m)
Median riparian area:edge ratio
Median in-channel area:edge ratio
Median length of sig. disc. (m)

Whole
Lake
206
196
402
95%
62%
33
25
26
6.0
7.5
271

Main Basin
4
1
5
<1%
33%
6
2
14
5.4
5.6
469

Lake Regions
Central Lake
106
3
109
92%
53%
26
18
17
5.4
14.8
250

Everglades
96
193
289
98%
86%
30
25
48
9.2
7.4
169

____________________________________________________________
higher patch area:edge ratio (excluding Kyffin’s Reserve data) (ANOVA: p <
0.0001, F = 13.19, n = 134) (Figure 22 a). Generally, the area:edge ratio was
higher for in-channel vegetation patches than riparian vegetation patches (ANOVA
(excluding Kyffin’s Reserve): p < 0.005 F= 10.44, n = 468) , with greater diversity
of patch sizes again present in the Everglades (Figure 23 b). Connectivity
between vegetation patches was assessed from lengths of significant
discontinuities between patches. Connectivity decreased substantially from the
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Everglades to the Main Basin regions, with larger gaps between patches towards
the western end of the lake (Figure 24 b, Table 9), however these differences
were not statistically significant due to high variability in all three regions.
The EVC Benchmark appropriate for Lake Mulwala riparian vegetation has been
determined by the DSE to be a mosaic of the Riverine Grassy Woodland, Sedgy
Riverine Forest and Wetland Formation categories. The first two of these
benchmarks are summarised in Table 8, for comparison with current conditions
in the three lake regions (Wetland Formation Benchmark was not available at
time of writing). In comparison to the benchmark, there was a trend of
decreasing vegetation quality towards the western end of the lake. Tree density
and regeneration throughout the lake was generally lower than the EVC
benchmark, with the best situation occurring on the islands in the Everglades.
Upper canopy cover of native species decreased significantly from 34% in the
Everglades (above the EVC benchmark) to less than 1% in the Main Basin
region (ANOVA: p < 0.05, F = 5.33, n = 15). Litter cover changed in a similar way
(although differences were not statistically significant), and was often
substantially higher than the EVC benchmark. The mass of standing litter was
also assessed for each region and compared to a reference range obtained from
the literature (Table 10). In this comparison the three lake regions performed
quite poorly, although there was a progressive improvement in litter cover
towards the eastern end of the lake (ANOVA: p < 0.05, F = 5.53, n = 21).
Canopy condition, as assessed by chlorophyll fluorescence in the field, showed
marked differences between the regions able to be assessed (Central Lake and
Everglades) (Figure 25). River Red Gums in the Everglades had significantly
higher Fv/Fm ratios, a measure of the photosynthetic efficiency of the vegetation
(ANOVA: p < 0.05, F = 5.12, n = 37). The photosynthetic response times (TFm) of
trees in the Everglades were also significantly faster than those in the Central
Lake region (ANOVA: p < 0.005, F = 9.20, n = 37).
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Species
River Red Gum
Box
Willow
Other exotic trees/shrubs
Typha
Phragmites
Juncus
Submerged spp (e.g. Vallisneria)

▲

´

N
0

1

2

3

km
4

Figure 19. Distribution of dominant riparian and aquatic species throughout Lake Mulwala.
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Figure 20. Cross-sectional profiles through Lake Mulwala along the transects
shown in Figure 18 – a) Main Basin, b) Central Lake, c) Everglades.
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Figure 21. Area of riparian and in-channel vegetation patches grouped by lake
region (all species).
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Figure 22. Ratio of area to perimeter for riparian and in-channel vegetation
patches grouped by lake region (all species).
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Figure 23. Lengths (L) and widths (R) of riparian vegetation patches grouped by
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Figure 24. Summary vegetation statistics for riparian vegetation grouped by lake
region (all species). L-R: Percentage of lake edge vegetated; number of
significant discontinuities; total area of riparian vegetation.
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Table 10. Dominant riparian vegetation characteristics of the three regions of
Lake Mulwala in comparison to the lake’s EVC benchmark.
Parameter

Benchmark

Main

Central

Everglades

Dominant
Species

Eucalyptus spp.
(especially E.
camaldulensis)

Willows and other
exotics

E. camaldulensis

E. camaldulensis

DBH (cm)

80 – 90

the very few River
Red Gums
observed were
mature remnants
(> 60 cm DBH)

remnant mature
gums (> 60 cm
DBH)

remnant mature
gums on lake edges
(> 60 cm DBH)

5% of total
canopy cover

none

isolated pockets of
regenerated
saplings (generally
< 5% cover)

riparian zone as for
Central Lake;
extensive
regeneration on
islands

15 – 20

Natives: << 1
Exotics: Max of 2

Max of 10
Mostly 1-2

Edge: Max of 10
Islands: Up to 25

Upper canopy
cover (%)

30

<1

18

34

Litter cover (%)

10

7

15

36

300 – 1000

5

33

95

Regeneration

Density
(trees/ha)

Standing litter
2

mass (g/m )

**

** Briggs and Maher, 1983; Glazebrook and Robertson, 1999; Robertson et al., 1999; Williams and Bowen,
unpublished data; Robertson ad Heagney , unpuslished data
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Figure 25. Fluorescence parameters for River Red Gum in the lake regions with
sufficient vegetation to assess.

a) Main Basin Region, Site 8a – view east across lake (#1312)
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b) Main Basin Region, Site 8b – from centre of car park facing south (#016)

c) Main Basin Region, Site 8b – from north edge of boat ramp facing north (#017)
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d) Main Basin Region, Site 10 – view north across lake (#1315)

e) Central Lake Region, Site 4 – view west of riparian zone (#012)
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f) Central Lake Region, Site 4 – at lake edge facing SSE (#013)

g) Central Lake Region, Site 5b – on track facing south (#009)
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h) Central Lake Region, Site 5b – 5m from lake edge facing north (#010)

i) Central Lake Region, Site 5b – 5m from lake edge facing south (#011)
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j) Central Lake Region, Site 6 – from centre of clearing facing north (#014)

k) Central Lake Region, Site 6 – from broken jetty facing South (#015)
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l) Central Lake Region, Site 6 – view east across lake (#1310)

m) Central Lake Region, Site 12 – from car park looking north-east (#1317)
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n) Everglades Region, Site 1 – view west of riparian zone (#006)

o) Everglades Region, Site 1 – view south-east across lake (#1302)
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p) Everglades Region, Site 2 – view east of riparian zone (#007)

q) Everglades region, Site 2 – view south across lake (#008)
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r) Everglades Region, Site 16 – view north across lake (#1321)
Figure 26. Photo-points.

4.3

Discussion

This study characterised the riparian and aquatic vegetation communities of Lake
Mulwala, to provide a baseline for comparison with future monitoring data.
Vegetation composition, abundance, distribution and condition were assessed.
Vegetation abundance and distribution, incorporating assessments of
regeneration, are mainstays of vegetation monitoring, and are particularly useful
for monitoring changes to populations of weed species. Assessments of
condition relate to the vegetation’s overall “health” as well as its capacity to
perform ecosystem functions such as nutrient and water cycling, which are
relevant to the threatening processes occurring in the region.
The vast majority of riparian vegetation associated with Lake Mulwala formed a
narrow strip (generally a single row of trees) immediately adjacent to the lake
edge. Riparian widths this narrow are inadequate for the performance of
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ecosystem functions such as filtering of sediments and nutrients from runoff,
lowering the water table and stabilising sediments. The narrowness of riparian
vegetation leads to vegetation patches which have large edges for a given area.
Habitat patches of this type are known to favour a few aggressive, common
faunal species (native and introduced) at the expense of more reclusive native
species. In combination with the poor connectivity between patches, the
generally small riparian vegetation patch sizes of Lake Mulwala represent poor
habitat for native fauna. Over a third of the lake’s edge had no riparian
vegetation, and so is incapable of reducing nutrient and sediment loads and is
vulnerable to erosion. While 95% of the vegetated lake area was comprised of
native species, most of this was remnant mature River Red Gum with little
evidence of regeneration. Thus, there are no younger cohorts of vegetation to
replace older trees as they die, and the low diversity of canopy structure reduces
the vegetation’s capacity to provide habitat for native fauna and absorb solar
radiation (leading to higher ground temperatures). Some efforts at replanting or
fencing off to allow natural regeneration were observed (especially on the
northern part of the Central Lake region), however these measures need to be
increased given the size of the lake.
There was a general trend from east to west of declining ecological value of the
vegetation associated with Lake Mulwala. The Main Basin region had
particularly poor quality vegetation – only one third of the lake edge was
vegetated and this was mostly (99%) exotic species (generally Weeping
Willows). The vegetation in this region was highly linearised (generally a single
row of trees), representing poor habitat for native fauna and having a very limited
capacity to perform ecosystem functions. Slightly better conditions occurred in
the Central Lake region – while the vegetation was still generally comprised of a
single row of trees, these were, for the most part, native species. The exception
to this was along the southern lake edge towards the western end of the region,
where willows have been planted in association with residential development
along the foreshore. The most intact native vegetation occurred in the
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Everglades region, and in particular, on the extensive system of in-channel
islands found here. The islands and shallow water areas act as a refuge for
native vegetation in a setting of on-going residential and agricultural
development. The high diversity and abundance, good condition and on-going
regeneration of in-channel vegetation in the Everglades represents high quality
habitat for native fauna, and has good capacity to perform ecosystem functions.
The diversity of vegetation patch sizes and shapes in the Everglades would
accommodate a higher diversity of faunal species than in the other lake regions.
The River Red Gum population on the Everglades’ islands was comprised mostly
of younger trees – presumably this land was cleared prior to construction of
Yarrawonga weir and regeneration has occurred on the isolated islands
unimpeded since that time. Middle and lower canopy riparian species were
present, as were abundant and diverse stands of mudflat annuals and floating,
emergent and submerged macrophytes. Given the large water depths in the
Main Basin region and the turbidity of the whole lake, it is not surprising that no
submerged vegetation was observed in the most westerly region of the lake.
However, water depths and turbidity were similar in the Central Lake region and
Everglades but submerged species were much more diverse and abundant in the
latter region. Therefore, other factors besides water depth and turbidity must be
affecting submerged plant distribution in the lake. These could be:
 contaminated runoff (nutrients, herbicides) from poorly vegetated riparian
zones in the western regions
 varying degrees of thermal stratification (with associated nutrient and gas
exchange properties) in different lake regions
 variable current speeds in different lake regions
 diversity of physical form in the Everglades related to in-channel islands
 boat traffic, wave action and other disturbances in the western regions
The abundant macrophytes in the Everglades may be responsible for the large
differences in bird communities observed informally during field work. Swans
were observed eating submerged vegetation, while there was evidence of
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nesting in Juncus ingens patches by Purple swamp-hens, Eurasian coots and
Sacred ibis. Ducks, pelicans, cormorants and darters were common in the
Everglades, and the only sightings of raptors (Whistling and other kites) were in
this region. Ducks and pelicans were also observed in the other lake regions,
however in far fewer numbers. Cockatoos were common in all three lake
regions, using the dead standing trees within the lake to roost and as drinking
platforms.
The canopy condition of native riparian vegetation in the largest lake region
(Central Lake) demonstrated sub-standard performance of physiological
processes, indicating that much of Lake Mulwala’s riparian vegetation is
stressed. Other measures of vegetation condition performed poorly in
comparison to EVC benchmarks in the eastern lake regions, and only marginally
better in the Everglades riparian zones. So, as well as there being inadequate
vegetation abundance, and often inappropriate species composition associated
with Lake Mulwala, the vegetation present (except for on the islands in the
Everglades) is in a poor physiological state, probably due to human-induced
impacts occurring in the surrounding areas.
Threatening processes known to occur in areas surrounding Lake Mulwala and
which may impact on its vegetation include saline groundwater intrusion, spread
of invasive species and increased nutrient and sediment loading. Suspicion of
saline groundwater intrusion has been based on anecdotal evidence of the
occurrence of Juncus acutus around the lake. During this study, one small patch
of Juncus acutus was observed in Kyffin’s Reserve (site 5a). While this species
is often used as an indicator of saline ground water intrusion, it is as much an
indicator of the presence of ground water as it is of salt. While the River Red
Gums around the lake do appear to be stressed, and more so in the Central Lake
region than in the Everglades, this may be due to a number of factors other than
saline groundwater (e.g. lack of flooding, high nutrient loading, “single tree
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syndrome”). Groundwater sampling should be conducted at a number of points
around the lake to determine if salinity is a problem.
The spread of introduced plants and their impacts on the natural system is also a
concern in Lake Mulwala. In particular, Willows, Dense Waterweed and
Arrowhead have been highlighted as potential threats. These species are known
to out-compete and displace native plants, while generally providing less suitable
habitat for native fauna and altering ecosystem processes (e.g. willows contribute
vast quantities of soft organic matter to waterways in autumn compared to native
riparian trees which drop coarser leaf litter primarily in summer). Most of the
willows in the Main Basin region are Weeping Willows (Salix babylonica), which
are not considered to have a high potential for invasiveness. While Weeping
Willows do displace native plants, the lack of native veg in the Main Basin, the
small area in relation to the rest of the lake, and the low likelihood of reveg of this
area with native trees (due to concerns regarding dropped limbs, fire and for
public amenity reasons) means that there is no urgency to replace the willows in
this region. In contrast, many Crack Willows (Salix fragilis), which present a high
risk of spreading, were observed in the Central Lake region and Everglades. The
brittle branches of this species snap off easily when disturbed, and each small
fragment can then re-shoot and form a new tree. While these plants may be
stabilising sediments and thus helping to prevent erosion in the Central Lake and
Everglades regions, it would be preferable to replace them with native riparian
and emergent macrophyte species, which would stabilise sediments as well as
providing habitat for native fauna. Control of re-introduction of all willow species
is to be recommended for the Central Lake and Everglades regions (ie.
education of public of negative impacts of willows and incentives provided for
planting natives).
The presence of Arrowhead (Sagittaria montevidensis) has been reported by
other workers, however this species was not observed in the current study.
Dense Waterweed is also reportedly abundant in patches in the Central Lake
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region, but again was not observed along lake transects in the current study.
However fragments of what was probably this plant were observed washed up at
site 5c, and it is likely that targeted investigation would reveal its distribution in
the lake. Egeria densa is an indicator of high nutrient concentrations, and its
continuing presence in the lake is likely due to runoff from cleared riparian zones.
Increased nutrient and sediment loading forms a complex interaction with the
lake’s vegetation and the occurrence of blue-green algal blooms. The reduction
in riparian and lake-edge vegetation, and development of these areas for
residential, recreational and agricultural uses has caused an increase in loading
to the lake. As well as impeding the growth of some sensitive aquatic plant
species, these inputs tend to enhance the growth of less desirable species (such
as Egeria and cyanobacteria). Revegetation of riparian and lake-edge vegetation
would reduce nutrient and sediment loading, and hence mitigate blue-green algal
blooms and the spread of Egeria.
There has been some resistance to re-vegetation of lake-edge vegetation
because of concerns regarding possible changes to the lake’s water-holding
capacity due to sedimentation by emergent macrophytes. This process is
actually far more likely under current conditions (and in fact, is known to be an
on-going phenomenon) because of erosion from the unprotected shoreline due to
wave action. This sediment settles throughout the lake, raising the bed level and
hence reducing water depths. In contrast, if vegetation protected the lake edges,
sedimentation would only involve particles already in the water column, and this
would tend to occur within macrophyte beds (where plant structures slow water
movement) and not impact on the majority of the lake bed. Under this scenario,
emergent macrophyte beds could well expand, however their spread can be
controlled by water level variation, burning off, careful use of selective herbicides
or cutting below the water line.
Water level variation and herbicides are possible additional control measures for
Egeria. Mechanical removal is to be avoided as are any kind of soil/sediment
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works during low water periods which disrupt the sediment profile. The current
practice of recreational lake users of disturbing and breaking off Egeria stems is
to be discouraged, possibly by restricting access to the most heavily infested
areas of the lake until the plant’s population can be reduced. It should be noted
that Egeria beds have been reported as one of the few habitats for juvenile native
fish in Lake Mulwala (Alison King, pers. comm.), so any management
interventions to reduce its abundance should also allow for the provision of
alternative juvenile fish habitat (e.g. replanting with submerged native species).
In comparison to the baseline vegetation condition assessment produced by this
study, ongoing monitoring will indicate changes over time, assisting in the
adaptive management of the lake’s vegetation.

4.4

Recommendations

The quality of vegetation associated with Lake Mulwala is generally poor,
although the eastern end, and in particular the extensive system of islands within
the Everglades, represents an area of high ecological value requiring
conservation. Further clearing of native vegetation in this region should be
strictly controlled. It is also important to protect the in-channel vegetation from
detrimental impacts from surrounding land-use by improving riparian vegetation
in this region. Generally revegetation of native plants within the riparian zone
and lake edge of the whole lake is required, however it would be most sensible
and effective to focus on the Everglades and Central Lake regions. One of the
major improvements to be recommended is to increase the width of selected
riparian vegetation patches – it is preferable to progress via a series of
connected blocks of vegetation than attempt to increase the riparian width
around the whole lake (e.g. with a double row of trees).
Revegetation of riparian zones and the lake edge would also act in decreasing
nutrient and sediment loading to the lake, which may reduce populations of
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undesirable submerged plants (such as Egeria) and cyanobacterial blooms.
Other measures recommended to control Egeria include educating the public
about detrimental effects of disturbing this weed and introduction of a draw-down
phase to dry the beds out. It is also recommended that future monitoring target
the reported locations of Egeria to determine effects of management intervention.
An education program regarding the lake’s vegetation could also explain the
detrimental effects of willows on the natural environment and the benefits and
aesthetics of native macrophytes and riparian vegetation.
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