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EXECUTIVE SUMMARY
[1] This report describes the establishment of two monitoring programs, MP_1 Wetland
Floor, and MP_2 Disturbance Gradient, at Lake Mokoan, a water storage in northeastern Victoria that is currently being de-commissioned, and that is to be rehabilitated as
a series of wetlands known as Winton Wetlands. Each monitoring program targets a
particular landscape unit, wetland floor and the slopes rising above the wetlands. For the
latter, sites are at different elevations (coded A, B, C and D) equivalent to being of
different ages or time since disturbance (inundation), ranging from just over 1 to 19 years.
[2] The first task was to review the monitoring programs. These were originally
designed in 2007 when Lake Mokoan was an active storage and the majority of the
wetlands were still completely submerged. As a result of this review, the overall design
and its hypothesis-based approach were retained, but the number of sites was revised
upwards, sites were re-distributed, and the field methods were standardised across the
two monitoring programs. These revisions made the sampling more time-effective and
hence more sites could be sampled within the allocated time and for the same resources,
thereby increasing replication. Other revisions were: stratifying the Lake Mokoan basin
into three locations; and sampling at two scales, five 10x10 m quadrats within a 10 x 100
m plot.
[3] Field work was done over nine days in March 2010. A total of 23 permanent plots
were established for MP_1 Wetland Floor, and a total of 38 permanent plots were
established for MP_2. Plot location was recorded using a GPS: no permanent markers
were permitted. Variables recorded from the plots and from the quadrats were: counts
by age-stages of target species, Southern Cane Grass and River Red Gum; vegetation
structure; species present and their abundance as cover. From this, vegetation attributes
such as nativeness and longevity (annual v perennial) were derived.
[4] Data analysis is descriptive and basic as this is a compliance report, whose purpose is
to describe and record the baseline for a 5 to 20 year monitoring program. The analyses
done were one-way analysis of variance, and classification of sites based on floristics.
The data are amenable to more complex analyses and these should be done prior to
reviewing the monitoring program in five years time.
[5] The principal findings follow. Only one of the target species is recruiting in its target
wetlands (Southern Cane Grass0 whereas the other (River Red Gum) is hardly recruiting
at all. Vegetation structure is remarkably consistent, regardless of site age (time since
inundation), locality, and landscape unit: this is due largely to the lack of woody species.
Nativeness based on species number is not as high as might be expected. It was inferred
from the floristic analyses that no single factor is influencing species composition but that
different factors are or have been important at different times and at different parts of the
Lake Mokoan Basin.
[6] Management implications are given, though these are premature, given that these are
the baseline data in long-term monitoring programs, and no trend data are yet available.
Two recommendations are made, one for supplementary information on the wetlands,
and one for tracking water regime in the wetlands.
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Baseline Vegetation Monitoring at Lake Mokoan: March 2010

Section 1: Introduction
Background
The decommissioning of Lake Mokoan and its subsequent rehabilitation as a wetland
complex is a significant project under the Our Water Our Future action plan.
According to the Future Land Use Strategy (FLUS), Lake Mokoan will be rehabilitated
as the Winton Wetlands (Beca Planning 2006). This name is taken from the largest of
the wetlands that existed prior to the development of the Lake Mokoan storage, and will
include wetland areas, riparian areas and dryland zones. The FLUS states that drawing
down Lake Mokoan is to be done in a manner that promotes the establishment of littoral
plant communities, mainly through natural means, ie by passive management. It is
expected, however, that some re-vegetation by direct seeding or planting may be
required.
Monitoring the progress of vegetation re-establishment is essential as this provides
feedback to management as to the success of the rehabilitation project; and identifies
areas where active management or intervention is needed. The monitoring program
developed by Roberts and Hale (2007) considered the immediate objectives as well as the
long-term goals. It aimed to be cost-effective and time-efficient, scientifically defensible,
and compliant with OHS guidelines and legislation. Its overall objective was to
document trends and to use these trends to evaluate rehabilitation in order to improve the
rehabilitation process.
Two knowledge gaps were identified: the biology and ecology of one of the target
species, Southern Cane Grass Eragrostis infecunda because very little is known; the
behaviour of the contemporary catchment and its future hydrology.
Because of these gaps and assumptions that had to be made, as well as the near complete
lack of any contemporary landscape information, the monitoring program proposed that
after four years of monitoring (Phase 1) that there should be a substantive synthesis and
review; and that this review would shape monitoring and management activities for the
next fifteen years (Phase 2).

Designing the Monitoring Program
The monitoring program was developed to address two objectives relating to littoral
vegetation communities, and to assist in achieving the long-term goals for Winton
Wetlands (details given in Roberts and Hale 2007).
The meaning of ‘littoral’ was not specified in the brief, and was hard to envisage in mid2007 when water levels in Lake Mokoan were 161.4 m AHD or 30 cm higher than the
natural sill for Winton Swamp, and all relevant areas were still submerged. The water
surface area was still quite large, covering an area of about 3120 ha and making the three
largest wetlands in the future Winton Wetlands complex into one.
Taking a pragmatic perspective and considering what management would need to know,
the monitoring design therefore interpreted ‘littoral’ to mean [1] the vegetation
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developing on the floor of the original wetlands, ie wetland vegetation and also [2] the
vegetation developing on the slopes surrounding the original wetlands, ie terrestrial or
slopes vegetation. Both these landscapes had been totally submerged by Lake Mokoan,
for lengths of time from a few years to a few decades. Being submerged and prone to
wave action had resulting in the loss of the pre-existing wetland and slopes vegetation,
and considerable erosion in some areas.
The monitoring program was designed according to scientific principles, with a
hypothesis-based approach, stratification and replication so that results can be formally
evaluated. There are two timeframes in the monitoring program. One, the review, is at
five years. This fifth-year review is the opportunity to re-adjust the monitoring program
and refine objectives, based on findings from Phase 1. The other, achieving the target, is
at twenty years. This timeframe was set out in Section 3.6 of Roberts and Hale (2007).
The hypothesis being tested for MP_1 Wetland Floor has two parts as follows (taken
from Section 3.3 in Roberts and Hale 2007):
River Red Gum and/or Southern Cane Grass will establish across the floor of Winton Wetlands
(ie the smaller wetlands in the north-eastern Arm) and Winton Swamp (ie Winton and
Sergeant’s Swamp);
The two species will establish so effectively that they become the most abundant species.
The hypothesis being tested for MP_2 Disturbance Gradient is also in two parts (reworded from Section 3.4 in Roberts and Hale 2007) and these are as follows:
Vegetation developing at lower elevations with a more recent history of disturbance by
inundation will show higher nativeness and fewer problem species, and result in higher cover of
River Red Gum than vegetation at higher elevation bands.
Although physical disturbance (inundation) is important in structuring assemblages, its
importance will diminish through time and instead biotic and anthropogenic factors such as
contemporary land use, inter-species competition and management history of fire and/or weed
control.
This second hypothesis was based on an analysis of field data from around Lake Mokoan
recorded in 2006 (analysis given in Appendix 4 of Roberts and Hale 2007). This
empirical approach was necessary as there are so few examples of vegetation
development following prolonged drawdown in the scientific literature.
It was assumed that the original seedbanks of these two landscape units, wetlands and
slopes, had been degraded by submergence, wave action, sedimentation and lack of
replenishment, to such an extent that they were effectively non-existent. Hence the
assumption was made that vegetation establishment and development would be
determined by inward-dispersing seeds. Species composition would therefore be
dominated by species with propagules easily dispersed by wind.
In the case of the wetlands, it was expected that wetland vegetation would only begin to
establish on the wetland floor, after storage levels had been completely drawdown. This
is because the majority of wetland plant species germinate on wet muds rather than under
water. In May 2007, at the time that this monitoring program was designed, the three
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largest wetlands in the future Winton Wetlands complex (Sergeant’s, Winton and Green
Swamps) were still submerged. Water levels in May 2007 were 161.4 m AHD,
approximately equivalent to 2m deep over the lowest parts of Winton Swamp. The
water regime status of the smaller wetlands in the Eastern Arm was not known.

The Monitoring Program and its implementation
The monitoring program prepared for the GBCMA (Roberts and Hale 2007) has three
parts, as follows:
MP_1 Wetland Floor: the development of vegetation on the wetland floor.
MP_2 Disturbance Gradient: the development of vegetation on the slopes
surrounding the wetlands, between former Full Supply Level (FSL) and the wetland
edges.
MP_3 Vegetation Mapping: mapping the whole of the former Lake Mokoan area.
The first two parts, MP_1 and MP_2, target vegetation development on the two main
landscape units (wetland floor and surrounding slopes) and are to be done annually for 4
years, then reviewed in the fifth year. The third part, MP_3, is to be done at infrequent
intervals, with the first map envisaged as essential input to the review.
Implementation of the monitoring program began in 2008 with contractors engaged to do
baseline monitoring for MP_1 Wetland Floor. Work began by establishing transects at
Moodie’s Swamp, a canegrass swamp in good condition and a reference site for
Sergeant’s and Winton Swamps, in accordance with the protocol. However, transects
could not be established at Sergeant’s or Winton Swamps because water levels had not
fallen sufficiently. In particular, the wetland floor had not been exposed and hence there
had been no opportunity for wetland plants to regenerate. As well as being inappropriate
for establishing transects, conditions were slightly hazardous (water too deep,
unconsolidated sediments).
In agreement with Goulburn Broken CMA, the 2008 fieldwork program was modified as
follows. Fifteen transects were set up around Sergeant’s and Winton Swamps (eight and
seven transects respectively), describing vegetation at the wetland edge1 and following the
same protocol as at Moodie’s Swamp. This is referred to as MP_WE (Monitoring
Program for Wetland Edge) in Roberts and Hale (2008). These transects are additional
to the monitoring program as designed by Roberts and Hale (2007) but can be revisited in
the future. In addition, a targeted search was done for regeneration of the two target
species, Southern Cane Grass and River Red Gum, and for any other species on the list
of seven, by searching on foot the margins of Sergeant’s, Winton and Green Swamps.
The methods and findings are given in Roberts et al (2008).

1
Wetland edge: this refers to the sloping edges around a wetland that typically alternate between wet and
dry in wetlands with a seasonal water regime.
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‘Lake Mokoan’ in March 2010
Circumstances at Lake Mokoan in March 2010 were quite different from circumstances
in March 2008.
First, and most importantly, there has been at least one and probably two opportunities
for regeneration of wetland vegetation. The first was sometime in autumn-winter-spring
of 2009. Water levels had been receding since 2008 and reached an official ‘zero’ in
February 2009 when they fell below the storage capacity table2. An aerial inspection in
April 2009 showed that the two main wetlands we completely dry (Figure 1). This is the
first time that the lake floor sediments have been completely dry since the drought of
1983-84 (Roberts and Hale 2007, refer to Figure 5). The wetlands then partly re-flooded
and had shallow water presumably through spring and into summer, and by early March
2010 they were expected to completely dry out again (Simon Casanelia, pers. comm., 3rd
March 2010). The presence and persistence of water in the wetlands over this period can
be attributed to rainfall, which was higher in 2009-2010 than in previous years.

Figure 1: Dried wetland floor, April 2009
Aerial view of Sergeant’s Swamp (foreground) and Winton Swamp background. There is a
moist area on the southern side of Winton Swamp, evident as a small green patch on the
extreme right of the image, possibly creek inflows. Photograph provided by David
Pasztaleniec, DSE.

The second opportunity was in autumn 2010. There was heavy rainfall throughout the
region in early March 2010, and 104.8 mm was recorded at Benalla airport over 4 days,
6th-9th March 2010. This rain event reversed the drying trend and triggered some
ecological responses.

2

Monitoring water levels or inundation extent: Once water levels fall below the official zero there is
currently no means of routinely recording changes in water depth or inundation extent.
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On 11th March 2010, during the preliminary field inspection, it was noted that the
wetland floor was extensively covered by shallow clear water, that frog breeding had
been stimulated with abundant egg masses present (Figure 2) and that waterbirds were
abundant on Sergeant’s Swamp. The extensive beds of Red Milfoil Myriophyllum
verrucosum across Winton Swamp (see Front Cover) were probably from the first
regeneration opportunity.

Figure 2: Abundant egg masses, Winton Swamp
Abundant egg masses in one of several open water pools amongst vegetation observed on
north shore of Winton Swamp, 11th March 2010. Photograph by Dylan Osler.

Second, the process of formally de-commissioning Lake Mokoan was now well
underway3. The dam wall was being de-constructed, alternate water sources have been
provided for irrigators, and Goulburn-Murray Water has ceased recording the kind of
information relevant to reservoir management such as evaporation and rainfall.
Third, a fire which started and was contained on 4th January 2010 (Dave Pasztaleniec,
pers. comm..) burned approximately 700 ha of Green Swamp (Figure 3). In March 2010,
it was clear that the burn had been variable in impact and rarely intense. Stands of large
herbs on the northern shore of Green Swamp such as Aster subulatus and Persicaria
lapathifolia were scorched and dead but still standing, whereas long-dead fallen logs south
of the ‘island’ on the eastern side of Green Swamp which had been left to burn were
reduced to ash.

3
De-commissioning Lake Mokoan: According to the FLUS, de-commissioning Lake Mokoan was to be
completed in 2009, and the schedules given in the FLUS are based on this.
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Figure 3: Fire extent across Green Swamp
Burnt area is plotted onto an image of Lake Mokoan from a few years earlier when water
levels were much higher. Image provided by Simon Casanelia, GBCMA.

Purpose
The overall purpose of this project is to establish baseline data for two vegetation
monitoring programs, MP_1 Wetland Floor and MP_2 Disturbance Gradient, to
document the work and to make a basic interpretation of the data. Effectively this is a
compliance report.
The methods recommended for this project, subject to the review in Task [i] below, are
those given in “Lake Mokoan: Littoral Vegetation Monitoring Program” (Roberts and
Hale 2007).
The interpretation describes the composition and characteristics of the vegetation as
recorded in March 2010. The data are also considered in relation to the hypotheses being
tested. However, full testing of the hypothesis for MP_2 was not feasible within the time
allocated for data analysis and reporting.
Guiding Principles: The brief provided three guiding principles for the project, as
follows:
[i] use the provisional vegetation targets outlined in “Lake Mokoan: Littoral
Vegetation Monitoring Program”;
[ii] where appropriate, reduce the number of replicates and transects recommended so
as to meet budget constraints;
[iii] where appropriate, modify the monitoring method recommended to
accommodate where wetland plants are developing and any access constraints.
Tasks: The proposal that was accepted identified four tasks:
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[i] Preliminary Survey and Scoping Study: This incorporates a review of the
monitoring method, a consideration of the monitoring done in 2008 and re-selection
of sampling sites for MP_1 and MP_2, and a field inspection to determine access and
to select sites.
[ii] Field Assessment.
[iii] Data Analysis.
[iv] Reporting.

Approach
The methods for monitoring programs, MP_1 and MP_2, were reviewed in March 2010
as a precursor to the field inspection. A revised field method was designed and tested in
the field during the preliminary field inspection. This review and the revised method
with rationale are presented in Section 2 of this report.
The Guiding Principle to consider modifying the recommended monitoring method was
interpreted as a requirement to modify the method so as to fit the funds allocated for this
project. In practice, the revised field method proved quite time-efficient. It uses the same
field method for both monitoring programs and hence it was possible to slightly increase
(rather than reduce) the number of sites, and thus maintain good coverage and
replication within the stratified design for MP_2.
The preliminary field inspection on 11th March 2010 found that, despite heavy rain in the
preceding week, road and track conditions were generally good, and that access was
unlikely to be an issue. Most roads were open, and for the few that were locked, a key
was arranged. The field inspection was an opportunity for an informal inception meeting
with staff from GB CMA and DSE. The project team was inducted on site by Goulburn
Murray Water.
Vegetation sampling was done by staff from Australian Ecosystems on 17-22nd March,
and 29-31st March 2010.
Copies of the data in Excel spreadsheets are being submitted to Goulburn Broken CMA.
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Section 2: Methods
Review of MP_1: Wetland Floor
The purpose of this monitoring program is to determine if regeneration is occurring
following drawdown of Lake Mokoan; and if it is, then what species and whether the
target species, Southern Cane Grass Eragrostis infecunda and River Red Gum Eucalyptus
camaldulensis, are establishing. This information is needed because if there is no evidence
of regeneration in the target species or, conversely, if the only species regenerating are
undesirable or noxious species, then management intervention will be required.
This part of the review considers the scope, method and sampling strategy of MP_1
Wetland Floor.
SCOPE
The MP_1 monitoring program was initially designed (Roberts and Hale 2007) to target
the eight wetlands identified in the FLUS: Winton Swamp (now divided into Sergeant’s
and Winton Swamp so making nine wetlands), Green Swamp and Ashmeads, Black,
Taminick, Lindsay, Saddlers and Humphreys Swamp (Figure 4).

Figure 4: Wetlands to be rehabilitated following decommissioning of Lake Mokoan
Diagram showing the nine wetlands and their names as identified in the FLUS. Provided by
Simon Casanelia, GB CMA.

It became apparent that the FLUS had underestimated the number of wetlands in the
Eastern Arm and that more than nine wetlands are present. Historical imagery dating
from 1941 and recent imagery (Appendix 2) show at least another seven small natural but
unnamed wetlands in the eastern section of former Lake Mokoan (henceforward referred
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to as the Eastern Arm) and at least one anthropogenic wetland (a ponded area) giving a
total of about 16 wetlands.
A cluster of 16 wetlands is potentially a biologically rich wetland complex, especially
given that these wetlands range considerably in size and are potentially diverse in
vegetation (Table 1, for historical diversity). Such a level of diversity could be a valuable
asset in achieving the vision of a wetland of international significance (Beca Planning
2006). All these wetlands have, to varying degrees, been submerged by Lake Mokoan
while it was an active storage.
Increasing the number of wetlands for inclusion in the Wetland Floor monitoring
program by including some of the smaller unnamed wetlands in the Eastern Arm would
increase the range and diversity of wetlands; and, if these smaller ones are distinctive,
then this information on wetland diversity can be properly accommodated in the future
Winton Wetlands.
METHOD
The sampling program recommended for MP_1 and used in the wetland edge monitoring
(Roberts and Hale 2008) was designed to be fairly rapid so as to increase replication so as
to better sample within-wetland variability. It was also designed to record zonation
patterns and to record changes to these. A different approach was needed in order to
acheive a greater spread of sites across the future Winton Wetlands complex, whilst
working within budget and time constraints.
Accordingly, the entire area was stratified into three locations: the Main Basin,
comprising Sergeant’s Swamp and Winton Swamp; Green Swamp, which includes the
area immediately east of the Spit and Ashmeads Swamp; and the Eastern Arm which
includes wetlands east of the road beside Green Swamp (Figure 1). These three locations
are expected to have a distinctive array of ecological characteristics, as shown by the
tabulation below (Table 1).
Specific examples of these ecological differences include: pre-Mokoan vegetation;
wetland size, morphology, catchment area; soil types; number of wetlands. In addition,
the wetlands are at different elevations, with the ‘highest ones’ in the Eastern Arm and
the lowest ones in the Main Basin, so will have had different recent drawdown histories.
Differences in shape, catchment area and in-flowing streams mean wetlands may differ in
water regime, notably depth and duration of flooding. Where present, in-flowing streams
may be a source of propagules.
Table 1: Broad characteristics of three locations
Size is relative to other wetlands in the future Winton Wetlands complex, only. Elevations for
wetlands in the Eastern Arm are taken from the FLUS (Beca Planning 2006).
Size and Number
of wetlands

Main Basin

Green Swamp

Few (two) but
very large
wetlands
Sergeant’s and

Few (three) but
medium-sized
wetlands
Green, Ashmead
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Eastern Arm
Several (twelve) small and
very small wetlands
Lindsay, Black, Taminick,
Saddlers and Humphries,
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Main Basin
Winton

Green Swamp
and one unnamed

Eastern Arm
also seven unnamed
wetlands

Elevation m AHD
(floor to sill
where known)

<159.8 m AHD

<159.8 m AHD
Ashmead 162 m
AHD

Lindsay 162 m AHD, Black
161.5 m AHD, Taminick
161.5 m AHD, Saddlers
164.5 m AHD, Humphries
164 m AHD

Soil types

Heavy clay, gilgai
and sandy
patches

Heavy clay and
gilgai

Heavy clay and gilgai

Vegetation prior
to Lake Mokoan

Cane Grass
swamp

River Red Gum
woodland

River Red Gum woodland,
also River Red Gum fringe
around short herbland or
grassland.

SAMPLING STRATEGY
The sampling protocol for wetland floors is the same as for MP_2 Disturbance Gradient.
Sampling strategy was retained but modified to take a landscape perspective that
considers the future Winton Wetlands complex as an entity, that can be stratified into
three distinct ecological areas, referred to as locations (Table 1).
Sites for the MP_1 Wetland floor (M sites) are distributed so as to be roughly
proportional to area and density of wetlands; and to sample the range of environmental
conditions likely in each of the three locations. This was a subjective interpretation based
on previous field knowledge (Roberts and Hale 2008, Roberts et al 2008), combined with
scientific knowledge of factors known to affect the distribution and abundance of plant
species around lakes and wetlands notably aspect, fetch, substrate and slope (Table 1).
This also considered whether individual wetlands were directly connected to in-flowing
streams or hydrologically isolated.

Review of MP_2: Disturbance Gradient
The purpose of this monitoring program is to document the development of vegetation at
different elevations on the landscape that was submerged by the former Lake Mokoan.
The landscape of interest (the slopes) thus lies between from Full Supply Level (FSL) and
the edge of Winton and Sergeant’s Swamps. This was referred to as a ‘disturbance
gradient’ because drawdown was interpreted as an ecological disturbance, and the
gradient was time since disturbance. This type of design is known as a chronosequence,
or ‘space-for-time substitution’ where sites of different ‘ages’ are used to infer processes.
The original sampling design was based on four elevations, each sampled nine times to
achieve spatial coverage, giving a total of 36 sites. A distribution of sampling sites was
suggested (see Figure 14 in Roberts and Hale 2007). The field protocol was three random
sub-samples from within a permanent quadrat 200 x 20 m, with sub-samples using 5 x 5
m quadrats. At the time, it was recognised that the distribution of sampling sites was
indicative.

10

Baseline Vegetation Monitoring at Lake Mokoan: March 2010
This review was a welcome opportunity to revisit certain aspects of this approach,
notably the definition and application of elevation bands, and distribution of potential
field sites.
ELEVATIONS
The recommended approach was four elevation bands, ranging in width from 1 m to 0.5
m, as follows: 163.5 to 162.5 m AHD; 162.5 to 161.5 m AHD; 161.5 to 161.0 m AHD;
and 161.0 to 160.5 m AHD (see Table 5 in Roberts and Hale 2007). Broad band widths
were chosen to facilitate positioning permanent quadrats. However it was subsequently
realised that having a broad band width made it difficult to get a clear interpretation of
the drawdown history for each site. Accordingly, the target elevations were re-defined,
as follows.
Using a discrete elevation (not a band), the emergence/submergence history was
determined for a series of elevations (not bands) from 165.5 m AHD to 160.5 m AHD.
The aim was to find four elevations each with a submergence/emergence history that is
unambiguous, and that cover a reasonable time-frame. The critical date to be established
is when that elevation ‘emerges’ from being under water, as this is the date at which
colonisation would have begun. This requires interpreting intermittent periods of
submergence as either ‘irrigation’, and so likely to favour plant growth, or ‘re-setting’
because of having lasted long enough to have shocked or killed off the existing
vegetation.
This interpretation is reported in detail in Appendix 3.
The four elevations selected (Table 2) give a wide temporal spread and, coincidentally,
approximate a geometric progression: 19 years, 8 years, 4 years and 2 years. Elevations
coded A, B, C and D are part of MP_2 monitoring program, and letter code M is for
MP_1.
Table 2: Target elevations for Disturbance Gradient
Letter Code

Elevation
(m AHD)
Vegetation has
probably
developed since

A
slope

B
slope

C
slope

D
Wetland edge,
amongst dead
trees

M
Wetland
floor

165.5

164

163.5

Just lower than
161

Lower than
160.5

Feb 1991
19 years

22 Mar 2002
8 years

14 Mar
2006
4 years

6 Mar 2008
2 years

29 Dec
2008
1.25 yr

DISTRIBUTION OF POTENTIAL FIELD SITES
Re-defining the elevation bands made it necessary to re-locate the field sites. This was
therefore also an opportunity to organise the field site locations so as to achieve coverage
around the wetlands and to minimise time spent travelling between sites, some of which
would be accessed by walking.
11
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A, B and C sites (as per Table 1) are arranged as a group but also in a line, approximating
a transect, sometimes condensed and sometimes extended. Transects are stratified by
location (ie Main Basin, Green Swamp, Eastern Arm) but constrained by the availability
of gentle slopes: for example, topography around Green Swamp limits the number of
places where a transect can be located. The northern shoreline of former Lake Mokoan
was deliberately avoided for the following reasons:



it is open to the public, it includes plantings, and it is more disturbed than other
areas, and this could cloud interpretation of vegetation responses



it is comparatively steep, therefore distances between elevations are short: and



it is unlikely that a large plot would have had a uniform water regime history.

D sites are not part of the A, B, C transects but are located on the lower side of the 160 m
AHD contour and distributed around the wetlands so as to sample within-wetland
variability due to aspect, fetch, or substrate. There are no D sites in the Eastern Arm as it
is at a higher elevation than 160 m AHD.
Potential positions for A, B, C and D sites, shown below (Figure 5), are more than
required. The sites used to set up baseline for MP_2 (Section 3 and Section 4) are a
subset of these, based on priorities and options set following the field inspection of 11th
March 2010, taking into account what was expected to be achievable during field work:
for example, some sites were inaccessible due to the presence of stock.

Figure 5: Scoping possible field sites
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Vegetation Sampling in 2010: MP-1 and MP_2
VEGETATION ATTRIBUTES
Requirements of the vegetation sampling include that it should be time efficient at a site
so that relatively more sites can be sampled. The data needs to be recorded from at least
two spatial scales: fine scale, to record species diversity expected from grasslands (these
appear to dominate around the surrounds of former Lake Mokoan) and not so fine so as
to improve the reliability of recording sparse information, notably the occurrence of
regeneration of the two target species Southern Cane Grass and River Red Gum.
Finally, structural characteristics need to be recorded as well as floristic composition.
The approach to three vegetation attributes (structural characteristics, regeneration,
species abundance) is given below, as well as scale.
STRUCTURAL CHARACTERISTICS
This records vegetation cover as a series of horizontal height bands, and includes Bare
ground ie unvegetated, as well as Cryptograms (mosses and lichens). This treats
vegetation as a series of overlapping layers and hence, if summed, these may be more
than 100%. The reason for including structural characteristics as a separate set of data is
to be able to objectively distinguish sites with newly-established vegetation populated by
seedlings or immature plants from sites with similar species but which are mature and
well-established. These structural characteristics are expected to develop with time ie to
show a progression along the Disturbance Gradient. They are recorded at the fine-scale,
ie in each quadrat.
Structural features such as Dead Trees, Logs, and Stumps, are also counted. These are
important habitat elements for small animals and birds. Their presence is potentially
important in a regeneration study as these could be used by birds for perches and hence
encourage inward seed-dispersal. These structural features are fixed and are not expected
to change within the timeframe of the rehabilitation program. They are included under
Structural Characteristics on the datasheet for convenience only.
REGENERATION
Regeneration of the two target species is recorded by counting the number of individuals
per age-stage at the not-so-fine scale, in the single plot per site.
For Southern Cane Grass, the age-stages are Seedling, Young Plant, Established Plant
and Established Patch where a patch is defined as an area greater than 1 x 5 m.
Definitions for these are taken from observations of Southern Cane Grass in March 2008
(Roberts et al 2008) and are summarised on the data sheet (Appendix 5).
For River Red Gum, the age stages are height classes. Due to an oversight, these were
not included on the data sheet but should be included in future.
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SPECIES ABUNDANCE
The abundance measure used for each species is percent cover. This is recorded at the
fine scale, ie in each quadrat.
SCALE
In order to accommodate the two spatial scales of fine and not so fine, a two tiered
approach is used with a large plot (100 m x 10 m wide) which is permanent, within
which a series of small quadrats (10 m x 10 m) randomly sub-sample the larger plot.

FIELD METHODS: SITE LOCATION & PLOT LAY-OUT
At each pre-determined site, a plot (100 m x 10 m wide) is established with the long axis
parallel to the contour, as best can be determined (not relevant to Wetland Floor sites).
A centre line is set out using a 100-metre tape. Five quadrats, each 10 m x 10 m, are
located along this central line, starting on one side then on the other. Quadrat positions
and whether to start on right or left are determined prior to field work using a random
number table. Random numbers should not be closer than 7 m in order to achieve
coverage over the plot, and should be in the range 0 to 90 in order to fit into the plot.
The plot layout is shown below (Figure 6).
For the 2010 field work, a series of random numbers was generated and applied to all A
sites, another series was applied to B sites etc. Random numbers will need to be regenerated for each repeat sampling.

Figure 6: Plot lay-out showing the distribution of quadrats
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SITE AND PLOT LOCATION
Geo-references for each site were determined from the DEM prior to field work, in order
to ensure sites were located as close to the selected elevation (ie to modelled contour line
in the DEM) as possible. In a few instances, the pre-determined locations could not be
used and a starting position was chosen as close as possible: for example, one site landed
on a former road.
The geo-reference for each site refers to the ‘first’ end of the 100 m tape. From here, the
bearing is recorded along the tape, and the geo-reference is recorded at the end of the
tape, as a cross-check. For site maps (eg Figures 5, 7 and 9), it is the first end of the tape
that is plotted as the site location.

DATA PROCESSING
Data processing and analysis followed similar processes and procedures for MP_1 and
for MP_2 sites. Plants were identified to species or sub-species level where appropriate,
except for very immature seedlings which were recorded as Monocot germinant and
Dicot germinants. Nomenclature follows DSE (2009) and Walsh and Stajsic (2007).
For this preliminary analysis, descriptive statistics (ie mean and standard error of the
mean SEM) were calculated for groups of sites for Structural Characteristics, for
Richness and Nativeness, and for Regeneration.
For MP_1 wetland floor, the site groups were the three general locations of Main Basin
(n=10), Green Swamp (n=4) and Eastern Arm (n=9).
For MP_2, the site groups were the four elevations, ie 165.5, 164.0, 163.5 m AHD and
below 161 m AHD, considered to be equivalent to 19, 8, 4 and 2 years of vegetation
development respectively, and are referred to throughout as A, B, C and D respectively.
Differences between groups of sites were investigated as follows. One-way analysis of
variance was used to test if sites were significantly different in Structural Characteristics
and in Richness and Nativeness, with Fisher’s Least Significant Difference.
The following symbols are used:
NS = Not Significant
*** significant, p= < 0.001
** significant, p = <0.01
* significant, p=<0.05
(*) marginal, p = <0.1, possibly indicating a trend.
Hierarchical classification of species abundance (percent cover) was done using
Euclidean distance and Ward’s distance measure was used to determine if species groups
corresponded to site groups. Composition of groups was determined by scanning the
data. Data calculations and analyses were done using Excel and SYSTAT 9.
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Section 3: Results for MP_1 Wetland Floor
Field Work
A total of 23 sites were set up and sampled in March 2010 (Figure 7), using the sampling
protocol described above (Section 2). The geo-reference for each site is in Appendix 4.
The datum is: WGS84 UTM Zone 55H.

Figure 7: MP_1 sites set up and sampled in March 2010

The sites were distributed amongst the three locations as follows:
Main Basin (n=10):



Sergeant’s Swamp (4 sites). M1, M2, M3 and M4.



Winton Swamp (6 sites): M5, M6, M7, M27, M28 and M29.

Green Swamp (n=5):



Green Swamp (3 sites): M24, M25, M26



Other wetlands (2 sites): Ashmeads Swamp (M9), unnamed wetland east of The
Spit (M30).
Eastern Arm (n=8):



named swamps (5 sites): Humphrey (M12), Saddler (M13), Lindsay (M18),
Taminick (M17), Black (M20)
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unnamed swamps (3 sites): ponded area (M21 and M23), unnamed wetland near
Green Swamp (M10).

General Characteristics
A total of 67 taxa were recorded from the 23 sites sampled in March 2010 (Appendix 6),
and 97% of these were identified to the level of species. The 67 taxa were in 22 families
of which the most species rich were Asteraceae with 19 species (29% of taxa identified to
species), Poaceae with 12 species (18%), Cyperaceae with 5 species, and Polygonaceae
with 6 species. The remaining families were represented by just one or two species.
Plants recorded were almost all forbs, grasses or sedges: no tree species were recorded
and only one shrub (Cassinia arcuata) was noted.
Of the 61 species with complete information on longevity and origin, 34 (56%) were
native and 27 (44%) were introduced (Table 3). The proportion of native species is lower
for annuals (50%) and higher for perennials (71%)
Table 3: Longevity and Nativeness of species recorded on the wetland floor
Longevity

Native

Introduced

Total

Annual

8

8

16

Annual/biennial

1

7

8

Biennial

0

0

0

Annual/perennial

3

3

6

Perennial

22

9

31

TOTAL

34

27

Structural Characteristics
In terms of its structure, the vegetation that has developed on the floor of the wetlands
was generally fairly short, being nearly all 1 m tall or less in March 2010. It was
sometimes quite sparse, as indicated by the cover data for Bare (Table 4). No cover was
recorded in the tallest height class (Upper = taller than 5 m) showing no live trees
present, and very little in the next tallest height class (Mid layer = 1 to 5 m) indicating the
occasional presence of tall herbs, rushes, grasses or possibly shrubs (Table 4). Counts for
features such as Dead Trees, Stumps and Logs were generally low.
No significant differences between locations were detected for 10 of the 11 structural
characteristics and features showing that, with one exception, these were remarkably
uniform – or equally variable - throughout the three locations. The locations differed
significantly from each other in the average amount of Bare ground. There was more
Bare Ground in plots in Green Swamp (55.8%), possibly on account of the fire earlier in
2010, and less in the Eastern Arm (6.6 %). Wetland floors in the Eastern Arm generally
appeared more established than in the other locations, with higher ground cover, higher
cryptogram cover, higher litter cover and higher cover of standing dead material than in
the other two locations; however these were not significant when tested (Table 4).
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Table 4: Wetland Floor: Structural characteristics of vegetation
Mean (and standard error of the mean) for 11 characteristics of vegetation structure at 23 sites,
at three locations. Results of 1-way anova testing for differences in location are shown under
Outcome (see Methods for explanation of symbols). Locations are significantly different from
other locations if they have a different letter code within a row.
Main Basins
(n=10)

Green Swamp
(n=5)

Eastern Arm
(n=8)

Outcome

COVER
Upper layer (cover %)

0

0

0

Mid layer (cover %)

1.54 (0.99)

0.1 (0.08)

1.25 (0.56)

NS

Lower layer (cover %)

30.5 (3.96)

19.1 (11.20)

29.9 (5.75)

NS

Ground layer (cover %)

10.4 (3.80)

8.9 (4.55)

13.4 (3.74)

NS

Bare (cover %)

30.1 (5.35) a

55.8 (15.86) b

6.6 (0.91) c

**

Cryptograms (cover %)

0.06 (0.06)

1.48 (0.73)

15.7 (10.23)

NS

Litter (cover %)

25.6 (6.96)

11.8 (4.12)

38.6 (7.6)

(*)

Standing Dead (cover %)

5.9 (2.19)

8.16 (1.80)

9.20 (1.58)

NS

Logs (counts)

0.44 (0.28)

1.80 (0.34)

1.00 (0.48)

(*)

Dead Trees (counts)

0.06 (0.06)

0.16 (0.10)

0.28 (0.19)

NS

Stumps (counts)

0.04 (0.04)

0.12 (0.12)

0

NS

COUNTS

Regeneration
SOUTHERN CANE GRASS
Regeneration of Southern Cane Grass was noted, but was strongly localised, occurring
only in the Main Basin (Table 5). Seedlings, young plants, established plants and
established patches were recorded at seven of the 23 wetland floor sites (sites M1, M5,
M6, M7, M27, M28 and M29), and these seven accounted for 70% of sites in the Main
Basin. No Cane Grass regeneration was recorded in Main Basin sites M2, M3 and M4,
which were around Sergeant’s Swamp.
Table 5: Wetland Floor Regeneration of Southern Cane Grass and Trees
Number of sites where regeneration of target species Southern Cane Grass Eragrostis infecunda
and eucalypt Trees was recorded in March 2010.
Main Basins
(n=10)

Green Swamp
(n=5)

Eastern Arm
(n=8)

Southern Cane Grass
Seedlings

2

0

0

Young

5

0

0

Established

4

0

0

Patch

1

0

0

0

0

Trees
Recruits

0
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Despite being M sites, and therefore only relatively recently emerged from being
submerged, some sites had established patches of Southern Cane Grass. The most recent
regeneration was at three sites in the north and east (Figure 7), at M1 (7 seedlings and 16
young plants), M28 (9 seedlings and 17 young plants) and M29 (11 young plants). The
most advanced regeneration (and also the most abundant) was at M27 (62 established
plants and 13 patches) (see Section 6).
TREES
No eucalypt tree recruits were recorded in any of the wetland floor sites (Table 5).

Richness and Nativeness
The average number of taxa per quadrat (ie species and plants identified to genus only) at
a site was very similar for sites in the Main Basin and in the Eastern Arm, with 14.8 and
14.1 respectively (Table 6), and this was significantly more than what was recorded in
Green Swamp sites, mean = 9.2. The number of introduced taxa per site was
significantly higher at sites in the Eastern Arm (Table 6) which also had the highest
percentage of introduced taxa.
Numbers may have been lower in Green Swamp sites because these were all burnt in the
fire of January 2010 (Figure 1).
Table 6: Wetland Floor Richness and Nativeness
Average (and standard error of the mean) number of taxa per site for three locations at Lake
Mokoan.

Number of taxa

Main Basins
(n=10)

Green Swamp
(n=5)

Eastern Arm
(n=8)

Outcome

14.8 (0.87) a

9.2 (2.76) b

14.1 (0.83) a

*

Number introduced

3.8 (0.39) a

3.8 (1.43) a

7.0 (0.27) b

**

Introduced as %

25.5 (1.89) a

35.8 (10.25) a

50.7 (3.42) b

*

Classification of Sites
Hierarchical classification of sites by species abundance as cover resulted in three clear
groups (Figure 8). Locations and sites contributing to these groups were:



Group 1 (n=5): all from the Main Basin (M1, M3, M5 from Sergeant’s, and M27
and M29 from Winton Swamp):



Group 2 (n=13): four from the Main Basin (M4, M6, M7 and M28), four from
Green Swamp (M24, M25, M26 and M10) and five from the Eastern Arm (M9, M17,
M18, M20 and M23):



Group 3 (n=5): one from the Main Basin (M2), one from Green Swamp (M30) and
three from the Eastern Arm (M12, M13 and M21).

19

Baseline Vegetation Monitoring at Lake Mokoan: March 2010
Only Group 1 is strongly associated with a location (Main Basin). Groups 2 and 3 are a
mixture of sites from all locations. Species characteristic of these groups (determined by
inspecting group statistics) are:



Group 1: High abundance of native herb Chenopodium pumilio and abundant native
annual grass Lachnagrostis filiformis var 1, with sedges Cyperus eragrostis and Eleocharis acuta,
the perennial grass Eragrostis infecunda and recession herbs Alternanthera denticulata, Aster
subulatus and Centipeda cunninghamii:



Group 2: abundance of the perennial rush Juncus semisolidus with the annual native
grass Lachnagrostis filiformis var 1, and recession herbs Alternanthera denticulata and Aster
subulatus, also Lactuca serriola:



Group 3: high abundance of the rush Juncus semisolidus and native perennial grass
Amphibromus nervosus, with the sedge Eleocharis acuta, native herbs Persicaria prostrata and
Rumex tenax, and introduced annuals Cirsium vulgare and Hypochaeris radicata.

1

2

3

Figure 8: Wetland floor classification of sites
Dendrogram resulting from numerical classification of sites using species abundance data.
“Case” refers to sites in the database and is not the wetland number shown in Figure 7. The
sites contributing to each group are given in the text above.
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Section 4: Results for MP_2 Disturbance gradient
Field Work
A total of 38 sites were set up and sampled in March 2010, using the sampling protocol
described above (Section 2). These were distributed across the four elevations as follows:



Coded A (19 years of vegetation development): 8 sites



Coded B (8 years of vegetation development): 8 sites



Coded C (4 years of vegetation development): 8 sites



Coded D (2 years of vegetation development): 14 sites.

Sites A, B and C are clustered along the equivalent of a transect (Figure 9). As explained
in the Methods, there are no A, B, or C sites on the northern side of Lake Mokoan. D
sites are not spatially-linked to the A, B C series and are distributed around the three
largest wetlands so as to capture environmental variations in aspect, fetch and exposure,
and substrate, including the northern shore of the Main Basin. There are no D sites in
the Eastern Arm because it is higher than the target elevation of 161 m AHD for D sites.

Figure 9: Sites for MP_2 in March 2010
A, B and C sites are grouped and can be considered separately or as transects. D sites are
distributed around the larger wetlands of Sergeant’s Swamp, Winton Swamp and Green
Swamp to cover a range of possible environmental conditions.
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General Characteristics
A total of 106 taxa were recorded (Appendix 6) of which 94 were identified to species
level: taxa identified to genus were usually seedlings. The 106 taxa comprised 28
families of which the most species-rich were Asteraceae with 29 species (27% of all
species) and Poaceae with 27 species (25%). Most of the other families were represented
by one or two species only, except for Cyperaceae with 5 species, Juncaceae with 5
species, and Polygonaceae with 7 species.
The types of plants were nearly all forbs, grasses, sedges and ferns. Just one tree species
was recorded (Eucalyptus camaldulensis) and two shrubs (Cassinia aculeata, Cassinia arcuata).
Overall, for the 96 species with complete information on longevity and origin, the
numbers of native and introduced species was not very different, with 58% native and
42% introduced. However, as for the wetland floor species, the percentage that was
native increases with longevity, from 41% for annuals to 71% for perennials (Table 7).
Table 7: Longevity and Nativeness
Native

Introduced

Total

Annual

Longevity

7

10

17

Annual/biennial

1

8

9

Biennial

0

2

2

Annual/perennial

6

3

9

Perennial

42

17

59

TOTAL

56

40

96

Structural Characteristics
Vegetation was generally short, as indicated by the low cover values for Upper layer and
Mid layer (Table 8). Cover was moderate to dense, with bare ground ranging from 12.5
to 37.7%. Counts for Features such as Logs, Stumps and Dead Trees were generally low.
The older well-established sites ie A, B and C sites, were very similar with no significant
differences between them for any of the 11 structural characteristics tested (Table 8). Not
surprisingly, the much younger D sites had significantly less Lower Layer cover (15 cm
to 1 m) and less Ground cover (to 15 cm).
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Table 8: Structural characteristics of vegetation on disturbance gradient
Mean (and standard error of the mean) of 11 characteristics of vegetation structure for 38 sites,
sorted into four locations (coded A, B, C and D sites). Results of 1-way anova testing for
differences in location are shown under See Methods for explanation of symbols. Locations
with the same letter code are not significantly different from each other.
A sites
(n=8)

B sites
(n=8)

C sites
(n=8)

D sites
(n=14)

Outcome

0

0

NS

COVER
Upper layer (cover %)
Mid layer (cover %)

0.5 (0.5)

0

1.25 (1.00)

0.85 (0.62)

0.22 (0.22)

2.4 (1.29)

NS

Lower layer (cover %)

31.3 (3.59) a

34.3 (2.52) a

30.8 (3.91) a

14.5 (3.0) b

**

Ground layer (cover %)

29.3 (3.77) a

20.9 (3.68) b

18.4 (3.71) b

4.7 (0.81) c

**

20.7 (2.59)

37.7 (10.7)

(*)

Bare (cover %)

12.5 (3.56)

12.6 (2.71)

Cryptograms (cover %)

5.9 (2.94)

4.92 (2.10)

5.9 (1.94)

7.3 (5.26)

NS

Litter (cover %)

20.5 (1.28)

22.1 (2.22)

19.9 (2.57)

38.0 (8.82)

NS

Standing Dead (cover %)

4.5 (0.74)

8.9 (1.8)

8.4 (1.35)

9.1 (2.39)

NS

COUNTS
Dead Trees (counts)
Stumps (counts)
Logs (counts)

0a

0a

0.05 (0.05) a

0.26 (1.10) b

*

0

0

0

0.11 (0.07)

NS

0.17 (0.13)

2.25 (2.25)

0

0.73 (0.26)

NS

Regeneration
SOUTHERN CANE GRASS
Recent (ie seedlings and young plants) and established (ie established plants and patches)
regeneration of Southern Cane Grass was recorded at 17 of the 38 sites (approx 45%),
and across all four ages. The occurrence of Southern Cane Grass at A, B and C sites
which are all on slopes surrounding the original Cane Grass wetlands shows Southern
Cane Grass is not restricted to wetland soils.
When Southern Cane Grass regeneration is considered against site age (Table 9), there is
a slight suggestion of a temporal gradient in that the oldest sites (19 years old, A sites)
have only established plants and patches but no seedlings or young plants; conversely,
the youngest sites (D sites, 2 years old) have no established patches and have only
seedlings, young and established plants. Regeneration is most prolific in the B sites
(Table 9).
Thirteen of these 17 sites are around the Main Basin (A1, A2, A4, A5: B4, B2, B1 and
B5; C2, C4 and C5; and D10 and D15). The four sites where Southern Cane Grass was
recorded but which were not in the Main Basin were A8, A11 and B11 and B9 (Figure 9),
all in the Eastern Arm.
TREES
Five tree recruits were recorded from just four sites (A4, A11, B4 and D10).
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Table 9: Regeneration of Southern Cane Grass and Tree recruits
Number of sites where regeneration of target species Southern Cane Grass Eragrostis infecunda
and eucalypt Tree recruits were recorded in March 2010.
A sites

B sites

C sites

D sites

Southern Cane Grass
Seedlings

0

2

0

1

Young

0

3

1

2

Established

5

3

3

1

Patch

3

5

3

0

0

1

Recruits
Tree Recruits

3

1

Richness and Nativeness
The mean number of taxa per quadrat per site and the mean number of introduced taxa
per site was significantly higher at A, B and C sites than at D sites which had
approximately half (Table 10). However, when expressed as a percentage, there was no
difference between the sites, the range being 33.5% to 43.3 % (Table 10).
Table 10: Richness and Nativeness
Average (and Standard error of the mean) number of taxa per site for three areas around Lake
Mokoan.
A sites
(n=8)

B sites
(n=8)

C sites
(n=8)

D sites
(n=14)

Outcome

Number of taxa

26.9 (1.88) a

31.5 (1.88) a

27.8 (1.88) a

13.6 (1.42) b

**

Number introduced

9.6 (1.03) a

10.6 (1.03) a

12.0 (1.03) a

5.4 (0.78) b

**

Introduced as %

35.8 (3.67)

33.5 (3.67)

43.3 (3.67)

36.8 (2.77)

NS

Classification of Sites
Hierarchical classification of sites based on their species abundance was done using
Euclidean distance and Ward’s distance measure. Five groups can be distinguished,
quite uneven in size (Figure 10) as follows.



Group 1 (n=3): all A sites (Sites A11, A5 and A6)



Group 2 (n=12): four A sites (A1, A2, A4 and A9), three B sites (B1, B2 and B4)
and five C sites (C1, C2, C4, C5 and C6)



Group 3 (n=9): five B sites (B5, B6, B8, B9 and B11), three C sites (C8, C9 and C11)
and one D site (D10)



Group 4 (n=11): ten D sites (D1, D2, D3, D6, D7, D8, D9, D13, D14 and D15) and
one A site (A8)



Group 5 (n=3): all D sites (D5, D12 and D11).
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1
2

3

4

5

Figure 10: Hierarchical classification of MP_2 sites
Dendrogram resulting from hierarchical classification of sites (listed as ‘cases’ on left-side), using
species abundance data from MP-2 sites. Orange lines indicate the five groups referred to in
the text.

Only two groups, groups 1 and 5, comprise sites of a single age (A and D respectively);
group 4 is nearly homogeneous (nearly all being D sites) but groups 2 and 3 are a mix of
B and C sites. Group 2 is distinctive in that it includes three ‘transects’ from southern
part of Lake Mokoan: A1, B1, C1 and A2, B2 and C2, and A4, B4, and C4 (Figure 9
map of sites).
This mixed composition in the groups is interpreted as showing that some of the species
assemblages are controlled by time since being exposed (Group 1 being older and Groups
4 and 5 being relatively young) and others are not (Groups 2 and 3), so presumably are
controlled by other factors.
Distinctive features of these groups, based on a qualitative analysis, are:
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Group 1: abundance of grasses, both native perennials such as Austrodanthonia
caespitosa, Austrodanthonia fulva, Chloris truncata, and Walwhalleya proluta, also
introduced grasses such as Avena barbata, Cyndon dactylon and Paspalum dilatatum:



Group 2: occurrence and sometimes abundance of Eragrostis infecunda also other
grasses such as the native Amphibromus nervosus, Chloris truncata and introduced perennial
grasses such as Cynodon dactylon and Paspalum distichum; also several native herbs such as
Alternanthera denticulata, Persicaria prostrata, Senecio quadridentatus, Wahlenbergia
?multicaulis and introduced herbs such as Conyza bonariensis, Hypochaeris radicata, Trifolium
angustifolium and Lactuca saligna:



Group 3: abundance of the rush Juncus semisolidus, the native perennial grass
Walwhalleya proluta, and native herbs Euchiton sphaericus, Senecio quadrdtentatus,
Wahlenbergia ?multicaulis and Persicaria prostrata, as well as introduced herbs such as
Sonchus asper and Hypochaeris radicata:



Group 4: abundance of the rush Juncus semi-solidus and the native annual grass
Lachnagrostis filiformis var 1, and introduced herb Hypochaeris radicata:



Group 5: high abundance of the rush Juncus semisolidus and the native annual grass
Lachnagrostis filiformis var 1, as well as the native herb Persicaria lapathifolia and the
introduced herbs Lactuca saligna and Hypochaeris radicata.

26

Baseline Vegetation Monitoring at Lake Mokoan: March 2010

Section 5: Findings & Recommendations
The purpose of this project was to establish the baseline data for two monitoring
programs. The purpose of this report was to document that process transparently, and to
provide a basic description and interpretation of the data, and to offer comment based on
insights gained. The data are suitable for more complex analyses, and this is
recommended for the review in the fifth year.

General Trends
STRUCTURAL CHARACTERISTICS
Vegetation structure was very similar within the two landscape units (wetland floor,
surrounding hillsides). That is, there was very little difference between the three
locations (Main Basin, Green Swamp and Eastern Arm: Table 4) and between elevations
(A, B, C and D: Table 8).
If elevations are considered as time frames (2 to 19 years) over which vegetation has
developed, then the time does not show up as being very important in terms of vegetation
structure, The principal difference between 19-year old sites and 4 year old sites is that
the Ground cover and Lower layer cover (Table 8) is consistently more in the older sites.
Despite differences in age, the older sites are not significantly taller, however they are the
only ones with trees present.
Wetland floors that have been exposed for different lengths of time can also be
considered as having different length of time to develop, with Main Basin and Green
Swamp sites probably having had less time to develop than vegetation on wetland floors
in the Eastern Arm (Table 1), although the actual time is not known. The fact that the
vegetation structure at these sites is broadly similar (Table 4) shows that development
time has not been an important influence on species composition. Another interpretation
is that the type of species dispersing inwards has not changed much through time.

SPECIES, RICHNESS AND NATIVENESS
Despite sampling different landscape units (wetland floors and slopes above the
wetlands) with differing inundation histories and developmental times, the two
monitoring programs produced very similar findings, in terms of species richness,
nativeness and longevity. Two families, both known as having wind-dispersed,
opportunistic and weedy species, dominate the species lists for both landscape units, with
Asteraceae and Poaceae accounting for 29-27% and 18-25% of species respectively.
Similarly, the percentage of native versus introduced species was also very similar in the
two landscape units, with 56-44% in one and 58-42% in the other (Tables 3, 6, 7 and 9).
The dominance of Poaceae and Asteraceae is common in disturbed habitats, but the
proportion of introduced species is higher here than in other studies where water regime
may be considered a disturbance (Table 3 in Roberts 2001). One of the assumptions of
this project was that the seedbank in both landscape units had been effectively destroyed
through years of being submerged. If this assumption is valid, then it is a clear indication
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that approximately half of all species arriving on site and establishing is largely
introduced.
Current species composition is not a reliable predictor of future composition. But it is an
early warning to management that passive regeneration strategy has limitations.

Hypotheses
MP_1: WETLAND FLOOR & REGENERATION OF TARGET SPECIES
The hypothesis underpinning the Wetland Floor monitoring program was that the two
target species would establish on wetland floors, and that they would establish so
effectively that they would become the most abundant species. River Red Gum is the
target species for wetland floors in two of the locations, Green Swamp and Eastern Arm,
and Southern Cane Grass is the target species for wetland floor sites in the Main Basin.
The evidence from this baseline monitoring is that only one of these targets, Southern
Cane Grass, is likely to be met, and then only in part.
Southern Cane Grass is indeed recruiting and establishing on the wetland floor of the
Main Basin, where it was recorded at seven out ten possible sites (Table 5), but never in
much abundance. Regeneration was more abundant on the north-east of the Main Basin,
and M27 (refer Figure 7) was the site where regeneration of Southern Cane Grass was
most abundant, and most advanced, with 62 established plants and 13 patches in one 100
x 10 m plot. The three sites with no regeneration of Southern Cane Grass were all on
Sergeant’s Swamp (M2, M3 and M4: Figure 7). In contrast to these findings, the
walking search for Southern Cane Grass noted several instances of live Southern Cane
Grass around Sergeant’s Swamp in March 2008 (Figures 8 and 9 in Roberts et al 2008).
Future monitoring of these plots will reveal whether Southern Cane Grass, once detected
around the Main Basin, persists or is dynamic. The occurrence of Southern Cane Grass
at A, B and C sites (Table 9), on slopes and well away from wetlands and from
depressions where water may pond shows it is not restricted to wetland soils and is quite
drought hardy. Plants at A sites have survived on rainfall, even through a drought, for an
estimated 19 years.
In contrast, River Red Gum is recruiting only rarely in the plots and no seedlings,
saplings or juveniles were detected (Table 5) in the thirteen plots in the two target
localities, Green Swamp and Eastern Arm. The walking survey did record seedlings and
immature River Red Gums in March 2008 (Roberts et al 2008). These were clustered
around the northern shoreline of the Main Basin and on the slopes of a rocky knoll on
the eastern side of Green Swamp (Figure 14 in Roberts et al 2008). In hindsight, it is
noteworthy that both these clusters were close to vigorous mature River Red Gums. A
possible interpretation of the baseline data for March 2010 is that regeneration of River
Red Gums on wetland floors in Green Swamp and the Eastern Arm is constrained by the
lack of inward-dispersing seed. This could be formally tested in a simple experiment and
appropriate management action taken in Phase 2.
This interpretation is tentative, and will be strengthened by continued monitoring of the
plots in the following years. It would be even further strengthened if some means of
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tracking water regime history could be implemented and if distance and orientation to
closest seed source (ie mature and healthy River Red Gums) were documented.

MP_2: DISTURBANCE GRADIENT & VEGETATION DEVELOPMENT
The hypothesis being tested in this monitoring program is that disturbance (in this case
inundation) affects regeneration by selecting for native species; and that in the absence of
disturbance, the proportion of native species will gradually decrease whilst the proportion
of problematic species (ie weedy, noxious and non-native plants) will increase. At the
same time, as the importance of physical disturbance decreases, biotic processes are
expected to become more important, and this is likely to be evident as increasing species
richness and structural complexity at higher elevations.

STRUCTURE
The vegetation characteristics recorded (Tables 8 and 10) generally support this. Species
richness was much lower in the youngest site (2 years old) and nativeness was higher
(Table 10). The vegetation was generally shorter, with more bare ground (and more litter
though not significantly more).

VEGETATION DEVELOPMENT
Because the two monitoring programs use the same plot lay-out and field methods, their
results can be integrated to form a single picture of vegetation characteristics along a
disturbance gradient ranging from 1.25 years to 19 years. The trends shown are
indicative only (Figure 11) and should be treated with caution: hillslopes (A B and C
sites) will be of different soil types from wetland and floor sites (D and M) as well as
different age. More analyses are required.

Recommendations
[1] TRACKING INUNDATION EXTENT AND DURATION
Water regime is a principal driver of aquatic ecosystems and this need to be recorded
regularly and reliably, so that a water regime history can be constructed if needed for
each and all of the 61 plots that have been established. Given the number of plots and
the wide area over which these are distributed, it is likely that some kind of remote
sensing will be appropriate.
A monitoring dedicated to this kind of monitoring could be expensive, especially if done
monthly (the suggested time frame). However, it may be possible to cut costs by joining
with other routine monitoring programs.

[2] BASIC DATA ON WETLANDS
The monitoring program is designed, as requested, to track changes in vegetation. It is
not designed to infer causality. However, interpretation of the vegetation attributes being
monitored would be greatly improved if basic information on all wetlands were
compiled. This data would also assist in forward planning and an appreciation of the
diversity of the Winton Wetlands. The basic information to be compiled is: estimates of
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wetland area, max depth, and catchment area; whether the wetland receives
supplementary water from an in-flowing stream; categorise wetland floor and its
condition, focusing on soil type, evidence of erosion and sedimentation; quantify the
extent and width of fringing trees, what species, and whether these are live or dead.
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Figure 11: Vegetation Characteristics on Disturbance Gradient
Top: Structural characteristics (mean for all sites in each site category) previously identified as
significantly-different amongst wetland types. Bottom: species characteristics (mean for all
sites in each category) identified as significantly different amongst wetland types.
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Section 6: Photo Essay

Figure 12: Development of wetland floor vegetation in two years
Top: Extent of water remaining in Winton Swamp, looking north-west from the Lookout on
the Spit in March 2008 (Photograph Jane Roberts). Bottom: extensive development of Red
milfoil, herbs and grass on the floor of Winton Swamp, looking north from the island near
Green Look, in March 2010 (Photograph: Dylan Osler).
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Figure 13: Cane Grass regeneration at Winton Swamp
Top: Extensive area of Cane Grass at site M27 being surveyed in March 2010. Bottom:
Young Cane Grass on elevated part of gilgai on northern side of Winton Swamp, March 2010.
Photographs: Dylan Osler.
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Figure 14: Plants of Ecological Interest
Top: Carex appressa and Lobelia concolor at eastern end, March 2010. Bottom: seedlings of
Baumea, probably Baumea arthrophylla on floor of Winton Swamp, in March 2010.
Photographs by Dylan Osler.
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Figure 15: Plants of ecological interest: Typha
Top: Seedlings of Typha, probably Typha domingensis, growing in shallow water in northern
part of Winton Swamp, March 2010. Bottom: Typha seedlings of different heights showing
the rapid development of the rhizome, even in very young plants. Photographs: Jane
Roberts.
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Figure 16: Oblique aerial view of Lake Mokoan in April 2009
Top: Dam wall prior to being de-constructed, showing borrow pits used in construction, and
farm dams, both in bed of Sergeant’s Swamp and on hillside just above Sergeant’s Swamp.
Bottom: Close up of residual pools in Winton Swamp, showing dead and dying carp,
mumbling effects by carp; the cracking nature of the wetland floor is evident in the
foreground, as are the undulations and slight mounds in the background. Photographs
provided by Dave Pasztaleniec, DSE.
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Appendix 1: Recent Water Level history

Lake Mokoan water levels: 1 Jan 2000 to 31 Dec 2009
166
165

m AHD

164
163
162
161
160
01/01/00 31/12/00 31/12/01 31/12/02 31/12/03 30/12/04 30/12/05 30/12/06 30/12/07 29/12/08 29/12/09

Figure A1: Water levels at Lake Mokoan 2000-2009

Data provided by Simon Casanelia, GB CMA.
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Appendix 2: Winton Wetlands in 1941 and 2010
Four mosaics have been found in the archives of GBCMA, covering the area now known
as Lake Mokoan and its surrounds. These mosaics were compiled in 1949 using blackwhite photography dated 1941. One of the four is shown below (Figure A1).
This photograph is selected for inclusion because it is the clearest to see at this scale. It
shows Winton Swamp, now known as Sergeant’s and Winton Swamps; most of Green
Swamp, to north-east of Winton Swamp; Ashmead Swamp to the east of Green Swamp
at the top right-hand part of the picture, and a large unnamed wetland east of the spit.
Other mosaics give more detail on the area east of Green Swamp, including the
occurrence of several wetlands that are not named in the FLUS.

Figure A2: Winton Swamp and Sergeant’s’s Swamp in 1941
Also evident are: evidence of littoral vegetation along the northern shore of Sergeant’s’s
Swamp and the south-eastern shore; a large wooded wetland to the east of The Spit; and part
of Ashmead’s Swamp in the top right part of the photograph. Image made available by Simon
Casanelia, GB CMA.

IN 2010
The drawdown of Lake Mokoan throughout 2009 and 2010 showed that the Eastern
Arm comprised a number of wetlands and an area retaining water, presumably due to
ponding by the road running south-east/northwest (Figure A2). These wetlands are at
different elevations (some are above and some are below 163 m contour), are different
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sizes, some have in-flowing or through-flowing creeks, some are in clusters and some are
isolated, and some are wooded and some are not.

Figure A3: Wetland Complex in the Eastern Arm
Interpretation of imagery showing 7 wetlands that have been named (Green, Black, Taminick,
Lindsay, Saddlers, Humphrey and Ashmead Swamps), 6 wetlands that are not named and are
generally smaller (coded B, C, D, E, F, and G), another unnamed wetland separated from the
rest beside The Spit (coded A), and a ponded area to the north-east of Green Swamp. Map
prepared as a background document as part of planning field schedule in March 2010.
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Appendix 3: Deriving target elevations from water level history
Table A1: Time Exposed relative to 1 March 2010
Interpretation of exposure history from Date of emergence onwards for elevations between 160.5 and 165.5 m AHD, at 0.5 m increments, based on water
levels as plotted in Appendix 1. Date of emergence means date when elevation first merged from being submerged following the 1983-84 drought, ie after a
period of at least seven years. The interpretation is seeking to determine in qualitative terms the date when the current vegetation would have started to
develop. Dates in bold are significant, when terrestrial colonisation probably began. Time exposed is relative to 1 March 2010.
m
AHD

Date of
emergence

Since date of emergence

Time
exposed

165.5

5 Feb 1991

Three inundation events, mostly relatively short and shallow and in spring, may have shaped assemblage
selectively by irrigating, but these probably did not result in ecological re-setting: 5 Sept 1992 to 10 Dec
1992 under 35 cm max; 12 Sept 1992 to 6 Dec 1993, under 50 cm max; 4 Sept 2000 to 17 Nov 2000,
under 18 cm max.

19 y

165

29 Nov 1991

Inundated and exposed five times following Date of emergence, and at least three of these lasted long
enough and were deep enough to have been re-setting events: 17 Aug 1992 to 29 Dec 1992 under 95
cm; 14 Aug 1993 to 17 Sept 1994 under 100cm; 4 Sept 2000 to 3 Feb 2002 under 60 cm.

???

Flushed 3 Oct 2001 to 7 Dec 2001 under 18 cm
Interpretation difficult.
164.5

12 Feb 1992

Inundated and exposed 20 Oct 1994, again 21 Jan 1996, again 5 Jan 1997; then exposed for 2+ years.
Inundation from 17 Aug 2000 to 8 Jan 2002 is considered a re-setting event, with max depth of 1.05 m,
hence this date is taken as Date of emergence.

8y

Minor flushing 5-20 mar 2005
Exposed 8 Jan 2002
164

1 Jan 1995

Inundated and exposed, with two or more re-setting inundation events. The most recent was from 14
July 2000 to 22 Mar 2002 with max depth of 1.5 m, so is taken as the beginning of vegetation
development .

8y

Exposed 22 March 2002
163.5

8 Jan 1998

4y
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18 Nov 2002

Inundated and exposed over two summers: 31-Aug 2003 to 22 Jan 2004 with max depth of 60 cm, and 1
Sept 2005 to 14 Mar 2006 with max depth of 95 cm. Second inundation event likely to be an ecological
re-setting.
Exposed 14 March 2006

163

12 March 1998

3.5 to 4 y
Intermittently inundated and exposed.

18 Jan 2003

Water level stable (163.02 to 163.1) for 5 months, from 22 April to 22 September 2006.
Exposed 22 September 2006

162.5

15 Mar 2003

Intermittently inundated and exposed.

3.5 y

Re-exposed 27 November 2006
162

16 Jan 2007

3y

161.5

24 Mar 2007

Flushed 7 July 2007 to 17 November 2007

3y

161

6 Mar 2008

Flushed briefly 4-19 Sept 2008

2y

160.5

29 Dec 2008

Record not complete for 2009

1.25 y

Flushed 21 Oct to 10 Nov 2009
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Appendix 4: Site locations for MP_1 and MP_2
Datum : WGS84 UTM Zone 55H

MP_1: Wetland Floor
M1
414822 5964875
M10
422266 5966939
M12
423461 5966674
M13
424698 5967473
M17
423638 5969500
M18
424235 5969500
M2
413437 5964495
M20
423278 5968476
M21
422452 5969518
M23
421746 5968782
M24
420046 5967986
M25
420445 5967018
M26
419647 5965975
M27
418583 5965982
M28
417287 5967292
M29
415583 5965244
M3
413769 5963562
M30
419543 5961515
M4
415198 5963742
M5
416123 5964215
M6
416628 5963684
M7
417616 5963068
M9
422052 5964010

MP_2: Disturbance Gradient
A1
414183.1 5960648
A11
424463 5970774
A2
415034.1 5961141
A4
416852.1 5960606
A5
418233.8 5960733
A6
420425.3 5962391
A8
423077.4 5966514
A9
424545.9 5967011
B1
413903.5 5961339
B11
424446.4 5970489
B2
414929.9 5961677
B4
417021.6 5961262
B5
418385 5961039
B6
420467.1 5963052
B8
422766 5966854
B9
423937.1 5967879
C1
413798.4 5961436
C11
424336.3 5970424
C2
414762.9 5962021
C4
417084.1 5961538
C5
418413.7 5961166
C6
420481.9 5963258
C8
422664.6 5966929
C9
423776.1 5968076
D1
413920.1 5963370
D10
418733.6 5967530
D11
417517.7 5968187
D12
414339.4 5965089
D13
412956 5964228
D14
420781.2 5966992
D15
418901.4 5965678
D16
416993.6 5967481
D2
415471.5 5963552
D3
416392.6 5963531
D5
418831.5 5962671
D6
420354.9 5964434
D7
420858.1 5965433
D8
420299 5968226
D9
419136 5968184
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Appendix 5: Data sheets for vegetation
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Appendix 6: Species Lists for MP_1 and MP_2
MP_1 WETLAND FLOOR

Amaranthaceae

Chenopodium pumilio

Alternanthera denticulata

Dysphania glomulifera ssp. glomulifera

Asteraceae

Cucurbitaceae

(*) Aster subulatus

(*) Cucumis myriocarpus

Cassinia arcuata
Centipeda cunninghamii

Cyperaceae

(*) Cirsium vulgare

Baumea arthrophylla

(*) Conyza bonariensis

Carex tereticaulis

(*) Dittrichia graveolens

(*) Cyperus eragrostis

Euchiton sphaericus

Cyperus exaltatus

Helichrysum luteoalbum

Eleocharis acuta

Helminthotheca echicoides
(*) Hypochaeris radicata

Elatinaceae

(*) Lactuca saligna

Elatine gratioloides

(*) Lactuca serriola
(*) Lactuca sp.

Gentianaceae

(*) Leontodon taraxacoides subsp. taraxacoides

Centaurium erythraea

Senecio campylocarpus

Erodium crinitum

Senecio quadridentatus
Senecio runcinifolius

Haloragaceae

(*) Sonchus asper

Myriophyllum crispatum

(*) Sonchus oleraceus

Myriophyllum verrucosum

(*) Sonchus sp.
Juncaceae
Brassicaceae

Juncus holoschoenus

(*) Lepidium africanum

Juncus semisolidus

(*) Rorippa palustris
Molluginaceae
Campanulaceae

Glinus lotoides

Wahlenbergia ?multicaulis

Glinus oppositifolius

Chenopodiaceae

Onagraceae
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Epilobium billardierianum subsp. cinereum
Epilobium hirtigerum

Polygonaceae
Persicaria lapathifolia

Oxalidaceae

Persicaria prostrata

Oxalis perennans

(*) Polygonum aviculare
Polygonum plebeium

Plantaginaceae

(*) Rumex crispus

(*) Plantago lanceolata

Rumex tenax

Poaceae

Potamogetonaceae

Amphibromus nervosus

Potamogeton cheesemanii

(*) Bromus diandrus
Chloris truncata

Scrophulariaceae

(*) Cynodan dactylon var. dactylon

Glossostigma elatinoides

(*) Digitaria sanguinalis
Eragrostis infecunda

Solanaceae

Eragrostis parviflora

(*) Solanum nigrum

Lachnagrostis var. 1
(*) Lolium rigidum

Typhaceae

(*) Paspalum distichum

Typha domingensis

(*) Phalaris aquatica
Walwhalleya proluta

---------------------------------------------------------------------------------------------------------MP_2 DISTURBANCE GRADIENT

Adiantaceae

Cassinia arcuata

Cheilanthes austrotenuifolia

Centipeda cunninghamii

Cheilanthes sp.

(*) Chondrilla juncea
(*) Cirsium vulgare

Amaranthaceae

(*) Conyza bonariensis

Alternanthera denticulata

(*) Dittrichia graveolens
Euchiton collinus s.s.

Asteraceae

Euchiton sphaericus

(*) Arctotheca calendula

Gamochaeta americana

(*) Aster subulatus

(*) Gamochaeta calviceps

Cassinia aculeata

Helichrysum luteoalbum
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Convolvulus sp.

(*) Helminthotheca echioides
(*) Hypochaeris radicata
(*) Lactuca saligna

Cucurbitaceae

(*) Lactuca serriola

(*) Cucumis myriocarpus

(*) Leontodon taraxacoides subsp. taraxacoides
(*) Scorzonera laciniata var. laciniata

Cyperaceae

Senecio biserratus

Carex inversa

Senecio campylocarpus

(*) Cyperus eagrostis

Senecio cunninghamii var. cunninghamii

Cyperus exaltatus

Senecio quadridentatus

Eleocharis acuta

Senecio runcifolius

Schoenus apogon

(*) Sonchus asper
(*) Sonchus oleraceus

Fabaceae

(*) Tragopogon porrifolius

Lotus sp.

Vittadinia gracilis

Swainsona procumbens
(*) Trifolium angustifolium var. angustifolium
(*) Trifolium sp.

Boraginaceae
(*) Echium platagineum

Gentianaceae
Brassicaceae

(*) Centaurium erythraea

(*) Rorippa palustris

Erodium crinitum
Erodium sp.

Campanulaceae
Lobelia pratoides

Geraniaceae

Wahlenbergia ?multicaulis

Geranium sp.

Caryophyllaceae

Goodeniaceae

Stellaria caespitosa

Goodenia gracilis

Chenopodiaceae

Juncaceae

Chenopodium pumilio

Juncus flavidus
Juncus gregiflorus

Clusiaceae

Juncus holoschoenus

Hypericum gramineum

Juncus semisolidus

(*) Hypericum perforatum

Juncus subsecundus

Convolvulaceae

Lamiaceae

Convolvulus erubescens spp. agg.

Mentha satureoides
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Microlaena stipoides var. stipoides
Lythraceae

(*) Paspalum dilatatum

Lythrum hyssopifolia

(*) Paspalum distichum
(*) Phalaris aquatica

Myrtaceae

Pseudoraphis spinescens

Eucalyptus camaldulensis

Setaria gracilis subsp. pauciseta
Walwhalleya proluta

Onagraceae
Epilobium billardierianum subsp. cinereum

Polygonaceae

Epilobium hirtigerum

(*) Acetosella vulgaris
Persicaria lapathifolia

Oxalidaceae

Persicaria prostrata

Oxalis perennans

(*) Polygonum aviculare
Polygonum plebeium

Plantaginaceae

(*) Rumex crispus

(*) Plantago lanceolata

Rumex tenax

Poaceae

Rubiaceae

Amphibromus nervosus

Sherardia arbensis

Austrodanthonia caespitosa
Autrodanthonia duttoniana

Solanaceae

Austraodanthonia fulva

(*) Solanum nigrum

Austrodanthoniia setaceae
Austrodanthonia sp.

Typhaceae

Austrostipa scabra

Typha domingensis

(*) Avena barbata
Chloris truncata
(*) Cortaderia selloana
(*) Cynodon dactylon var. dactylon
Digitaria divaricatissima
(*) Digitaria sanguinalis
(*) Echinochloa crus-galli
Enteropogon acicularis
Eragrostis brownii
Eragrostis elongata
Eragrostis infecunda
Eragrostis parviflora
Lachnagrostis filiformis var. 1
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