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EXECUTIVE SUMMARY
Low cover and richness of aquatic plant species in Gunbower Forest wetlands, coupled with high turbidity levels,
prompted an investigation into the effect of carp on wetland flora. Green Swamp has a history of turbidity, as
well as a rich wetland flora and was hence selected as a study site.
Fire Flood & Flora were engaged to undertake vegetation sampling in Green Swamp exclusion study site by the
North Central CMA, as part of intervention monitoring funded under The Living Murray program by the Murray
Darling Basin Authority.
The exclusion experiment incorporates waterbird and carp exclusion at a small plot scale (3 x 3 m), and exclusion
of terrestrial grazers at a larger scale (25 x 25 m). The design was informed by a three-year pilot study in Reedy
and Little Reedy Lagoons.
When sampled in January 2019, water in the Green Swamp treatment plots were slightly alkaline (pH 6.0 – 6.8),
fresh (219 – 231 μS/cm) and moderately deep (58 to 93 cm). The concentration of suspended solids was high
(50 to 210 mg/L). Levels of total nitrogen (1 – 2.9 mg/L) and Chlorophyll a (51 – 98 μg/L) were also high, indicating
a eutrophic state, with high levels of algal production (ALS 2019). Dissolved oxygen readings ranged from 33.8
to 140.2%.

Very few plants were recorded in the baseline sampling at the Green Swamp exclusion study site in January
2019. Those recorded were either transient, wind-blown species or fragments of adaptive aquatic species (e.g.
respond to submergence by increasing stem and/or rhizome length to ensure foliage is above the water).

These preliminary results do not show any patterns in flora presence related to the exclusion of terrestrial
grazers, and with such low cover and diversity of flora, plot-treatment effects are also difficult to infer.
The results of this study suggest that the key factors affecting macrophyte establishment in Green Swamp
appear to be:
•

High turbidity levels occurring regularly in the wetland once inflows cease and/or with the onset of
summer.

•

High nutrient loads, possibly from wetland sediment releases but also potentially from inflow waters,
appear to be providing abundant nitrogen and phosphorus for rapid proliferation of phytoplankton on
filling.

•

Most of the wetland may be too deep to allow sufficient light to penetrate to the wetland bed once the
wetland has switched to turbid conditions.

•

The presence of carp is likely to be adding to the perturbation of the sediments; both leading to
additional resuspension and increasing the inorganic turbidity, and also promoting the release of
sediment-based nutrients into the water column, fuelling phytoplankton growth.
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•

The occurrence of both clear and turbid water conditions occurring in the wetland on a regular basis
suggest that these ‘states’ are transitory and easily switched under the right conditions.

The presence of carp inside the exclosures designed to restrict them highlights the need to revise the design.

Monitoring Recommendations
•

Prior to watering Green Swamp again, regularly assess plots to see if aquatic plants have established in
the study areas as the water level declines.

•

Prior to subsequent watering, re-survey plots during shallow conditions (e.g. < 50 cm depth) and if
allowed to draw down completely.

•

Prior to subsequent watering, re-survey the flora plots after draw-down.

•

During monitoring remove carp from exclosures aimed at excluding them, during fish sampling.

•

During monitoring release trapped Azolla from inside the treatment plots, where practical, when the
species’ cover exceeds 25%.

•

Regularly clean algal growth from floating exclosure nets (unless the exclosure is redesigned to prevent
the issue arising).

•

Extend water quality monitoring to include Total Phosphorus and Phosphate (PO 4+).

•

Continue the current water quality testing, but also analyse nutrient levels of:

•

-

Sediments at several locations within the wetland (e.g. from each exclosure site).

-

Inflow waters.

Following subsequent watering, undertake a brief flora survey (inside exclosures and outside in areas <
50 cm deep) and collect a site water sample for nutrient, Chlorophyll a and turbidity analysis. This
should be conducted shortly after flooding commences and before flow ceases. These data would not
be intended for statistical analysis, but to get an insight into the starting conditions of each flooding
event.

Management Recommendations
•

Investigate solutions for trapping carp inside the exclosures designed to exclude them.

•

Investigate solutions to prevent the top exclosure from resting on the water.

•

Consider repositioning the large-scale exclosures and randomly locating the four treatment plots within
each (currently they are systematically located).

•

Consider enlarging the Total Exclusion treatment plot exclosures to 4.5 x 4.5 m to allow for fish sampling
from outside the 3 x 3 m flora plot.

•

Remove small-gauged wire from the base of the larger terrestrial grazer exclosures, to reduce the
number of fish trapped within the exclosure when water levels drop.

•

Increase the height of the Side Exclusion plots and, also in the Total Exclusion plots, consider using a
smaller mesh in the Total Exclosures to reduce the likelihood of carp entering.

Fire Flood & Flora
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•

As reported by DELWP (2017) - monitor and define an acceptable carp density based on their impact
threshold (e.g. 88 kg/ha).

•

Investigate strategies for improving water quality in Green Swamp, so that it meets acceptable
thresholds, as outlined in ‘Guidelines for south-eastern Australian lowland rivers’ (ANZECC and
ARMCANZ, 2000).

Fire Flood & Flora
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Definitions of terms and acronyms referenced in the current report
Term/Acronym

Definition in this report

CMA

Catchment Management Authority.

Component

An ecological attribute monitored to report on condition (e.g. threatened flora
species richness).

DO

Dissolved oxygen.

Environmental flows

The quantities, quality, and patterns of water flows delivered to support freshwater
ecosystems.

(eFlow)
Extent

Short for ‘spatial extent’, the distribution of the organism in the environment.

Green Swamp (GS)

A wetland monitoring site, comprises one transect.

Maintain

Retain similar conditions to that sampled in the first year of the vegetation condition
monitoring program (2005), e.g. PFG species richness and cover, presence of rare
or threatened, absence of high threat weeds and canopy condition over time.

MDBA

Murray Darling Basin Authority.

Plant Functional Groups

Plants grouped based on common ecological, morphological and functional
responses to inundation based on a system adapted from Brock and Casanova
(1997), (see Appendix 1 in the current report).

(PFGs)
Promote

Undertake actions that facilitate vegetation processes important for ecosystem
function (e.g. nutrient cycling, energy flow, interactions).

Receding (R)

Receding Wetland Phase Class.

Recently Inundated (RI)

Recently Inundated Wetland Phase Class.

Water Regime Class

WRCs are a classification system that describes broad vegetation communities in
Gunbower Forest based on forest stand-class and hydrological mapping (Crome
2004a).

(WRC)
Wetland Phase Classes

Fire Flood & Flora

Classes of wetlands based on the stage of the hydrological regime at time of sampling
(i.e. receding, dry, recently inundated).
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1

INTRODUCTION

Generally low cover and richness of aquatic plant species in Gunbower Forest wetlands, coupled with high
turbidity levels, prompted an investigation into the effect of carp (Cyprinus carpio) on wetland flora. There was
also evidence generated by the subsequent pilot study at Reedy and Little Reedy Lagoons (2014 - 2017) to
suggest that the presence of fencing, designed to limit access to carp, was positively associated with the cover
and richness of aquatic flora (Bennetts et.al. 2018a). A key assumption of the study was that the exclusion of
carp had been an important factor in the response of the flora. There were, however, undoubtedly other factors
also influencing the floristic response, including seasonal conditions, water depth and water quality (including
turbidity), and the presence of other fauna such as large terrestrial grazers and waterbirds.

A desire to refine the understanding of key factors influencing wetland flora, and to improve the understanding
of the role of carp led to a redesign of the exclusion experiment. This was undertaken following a project
workshop with the North Central Catchment Management Authority (CMA), together with other relevant
floodplain, fish and vegetation ecologists and land managers (see North Central CMA 2017a). The updated
design incorporates waterbird and carp exclusion at a small plot scale, and exclusion of terrestrial grazers at a
larger scale (see Sim et.al. 2018). NB: For the purposes of this study, the exclosures are referred to as excluding
‘grazing’, however it is acknowledged that the impact of carp on submerged vegetation may not be via grazing,
but other forms of physical disturbance1.

The rationale for including terrestrial grazers, as well as the aquatic disturbances, was the assumption that they
influence wetland flora in both the dry and subsequent wet phases. Further, there were anecdotal increases in
kangaroo and deer density within floodplain forests and large-scale experimental studies of grazing and
disturbance on wetland plant communities are rare.

Hypotheses tested in the current study are listed below.

Hypotheses
(i)

Grazing by terrestrial animals, during the dry phase, decreases the cover and richness of wetland
plants during the wet phase,

(ii)

Disturbance by introduced fish and by foraging birds decreases the cover and richness of wetland
plants during the wet phase, and

(iii)

A wetland plant community that is species rich and abundant provides habitat for small native fish.

1

Carp rarely graze directly on aquatic plants, and instead tend to consume detritus and invertebrates (Roberts et al. 1995,
Weber and Brown 2009). Carp tend to have a negative impact on aquatic plants through uprooting or damage of structures
(García-Berthou 2001).

Fire Flood & Flora
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In addition, the sampling regime was extended to include a greater suite of physico-chemical variables, to build
a more complete picture of the reasons for high wetland turbidity levels, and understand whether these factors
might be affecting water plant establishment and abundance.

Fire Flood & Flora were engaged to undertake vegetation sampling in Green Swamp by the North Central CMA,
as part of intervention monitoring funded by the Murray Darling Basin Authority (MDBA) under The Living
Murray program. Concurrent fish sampling was undertaken by Ecology Australia and is reported independently.
It is anticipated that the revised exclusion design will also be implemented in Koondrook – Perricoota Forest and
Barmah Forest.

Study Area Water Regime
Green Swamp is a large, relatively deep (200 cm to top of bank) lagoon positioned in the lower Gunbower Forest
landscape (Figure 1). Water pools in the lagoon once inflow into the forest ceases. The lagoon has only dried out
(completely) three times during the 15-year monitoring period, due to a combination of natural flooding and
environmental water delivery (Green Swamp Photographic Addendum 2019).

Water quality in Green Swamp was generally clear and/or tannin coloured when sampled in spring and early
summer (e.g. November), before turning turbid in mid - late summer (Figure 2). This shift from clear to turbid
water has been observed by the author and wetland managers on multiple occasions. In 2018, the shift from
clear-tannin water to turbid water was observed to occur within a relatively short timeframe - water in Green
Swamp was clear when inflows though Hipwell Road ceased in late October, and by mid-November it was turbid
(Piscitelli, S., North Central CMA, pers. comm. June 2019). Green Swamp was turbid by autumn in eight of the
ten years flooded between 2005 and 2019 (Green Swamp Photographic Addendum 2019). The swamp was clear
when sampled in spring (only three times in fifteen years). Turbidity was also low in autumn 2011 and 2012,
following and during deep natural flooding.
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Figure 2 Green Swamp November 2015 (inundated with eFlow in 2014 and 2015) and, four months later, February 2016

The swamp has been monitored regularly since 2005, however significant anthropogenic change occurred within
the Murray-Darling Basin and the Gunbower Forest for decades prior to the commencement of monitoring. A
study by Gell et.al. 2018, provides some insight into the palaeoecological history of the site. The project aimed
to identify and enumerate fossilised remains of pollen, charcoal, diatomaceous algae and crustaceans
(cladocera) archived in the sediments of the swamp and two other wetlands in Gunbower Forest. The
researchers made the following conclusions based on the known ecology and taphonomy (study of events and
processes after death) of the specimens recorded:

1.

Net sediment accumulation in Green Swamp appeared to commence at the same time as river
regulation (c 1940 CE) and continue at a relatively slow rate (3-5 mm/yr).

2.

After river regulation the swamp became a shallow, mudflat-based system.

3.

Prior to c. 1960 CE Green Swamp was a clearwater system with some submerged aquatic plants, after
which it transitioned into turbid system dominated by phytoplankton and floating plants.

4.

At this time, water quality in the swamp also transitioned from clear, fresh, oligotrophic and slightly
acidic to circum-neutral, to turbid, fresh, eutrophic and neutral to alkaline.

These findings suggest that significant changes to the hydrology, water chemistry and biota of Green Swamp
had already occurred prior to 2005.

Recent Flooding
Gunbower Forest, including Green Swamp, was delivered eFlow in 2018 (Figure 3) under a dry scenario plan,
aimed at prolonging recent gains in vegetation condition and providing drought relief for fauna (North Central
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CMA 2017). A total of 51.7 GL was delivered between 12th June and 11th November 2018 via the Hipwell
Regulator (North Central CMA 2019).

Figure 3 River Murray flow at Torrumbarry Weir, environmental water delivered and wetland vegetation monitoring,
Gunbower Forest, 2004 – 2019

This water delivery provided an opportunity to test the new exclusion design, and determine whether any effects
of the exclosures on wetland vegetation could be detected.

Carp observations
Carp have been observed in high numbers in Green Swamp several times in the previous decade (Sharpe, C.
pers. comm. June 2017 and Bloink, C. Ecology Australia, pers. comm. June 2019). They were also seen swimming
in a tight group at the exclusion study site in January 2019, possibly feeding on smelt (Stuart, I. Arthur Rylah
Institute, pers. comm. January 2019) or (possibly, but less likely) spawning.

Figure 4 Carp on mass at the Green Swamp exclusion study site, Gunbower Forest, January 2019
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Page 12

Green Swamp Exclusion Study, Gunbower Forest 2019

This observational data suggested that carp were present and abundant in the wetland, and that the exclusion
plots might release wetland plant communities from the effects of disturbance by this species.

In complement to the current flora investigation, Ecology Australia (2019) surveyed fish in Green Swamp the
week after flora sampling. The focus of the fish investigation was to assess the:
-

fish species diversity and relative abundance at the treatment plot scale,

-

fish species diversity and relative abundance at the whole of wetland scale,

-

abundance of carp and size classes present at the grazing exclusion zone scale, and

-

the abundance of carp and population structure at the whole of wetland scale.

The findings suggest:

“Carp exclusion plots (fully enclosed or side mesh) have a statistically significant effect on the smallbodied fish community, irrespective of the vegetation. This was the case for eastern gambusia
(significantly less in carp exclusion plots) and unspecked hardyhead (significantly more within carp
exclusion plots).”

“There were essentially just as many carp detected from within the carp exclusion plots (i.e. plots with
side mesh and fully enclosed plots) as from the plots where carp were not excluded (i.e. top mesh and
no mesh), however all carp detected from plots were juveniles: 66–139 mm LCF within exclusion plots
and 58–124 mm LCF within non-exclusion plots.”

“small size of larval (6.4–12.1 mm LCF) and juvenile carp (>12.1 mm) would enable free movement in
and out of the exclusion plots until they reach a size where their body depth exceeds the diagonal
stretched size of the exclusion plot mesh.”

Other grazing fauna
No formal monitoring has been undertaken of waterbirds or terrestrial grazers at Green Swamp, but it’s possible
that these may have an impact on establishing and established macrophyte communities.

2

METHODOLOGY

The design of and sampling for the current study follows Sim et.al. (2018), as summarised in the following
section. The design includes large-scale exclosures that incorporate small-scale treatment plots (Figure 5).
Location details for the total 48 treatment plots are included in Appendix 1.

Fire Flood & Flora
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Experimental Design
Large-scale exclosures
•

Designed to exclude large terrestrial grazers (e.g. macropods) but allow egress by carp

•

Dimensions 25 x 25 m

•

4 established at each wetland (2 fenced, 2 unfenced)

•

Located at approximately uniform depths

Figure 5 Large scale exclosure with small scale treatment plots, Green Swamp, spring 2019 (Source: W. Honeybun, North
Central CMA)

Small-scale treatment plots
•

Within each large grazing exclosure, 12 smaller 3 x 3 m treatment plots (Figures 5 and 6)

•

Spacing of small exclosures - as far apart as possible

•

The total number of 12 plots comprises 3 replicates each of 4 treatments (all comprising frames with
the same dimensions):
-

Side Exclusion = Four sides netted to keep out carp

-

Control = Unfenced (frame present) – let in everything

-

Floating Top Exclusion = Only top netted (frame present) – exclude birds only

-

Total Exclusion = Four sides and top netted – keep out carp and birds

Treatment plots were intended to be ordered randomly within each site, however, during construction the
three treatment plots were systematically position, in lines running perpendicular to the main swamp
alignment.

Fire Flood & Flora
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Figure 6 Small-scale treatment plots, Total Exclusion (top left); Side Exclusion (top right); Floating Top Exclusion (bottom
left); and Control (no netting), (bottom right) Green Swamp, January 2019

Data Collection
A field survey of the 48 Green Swamp treatments plots within the four large-scale exclosures was undertaken
on 22nd of January 2019. Sampling was undertaken by Kate Bennetts (Fire Flood & Flora), Rochelle Patten
(Traditional Owner), Trent Nicholls (Traditional Owner) and Robyn McKay (North Central CMA).

It was intended that the initial survey would be undertaken in early summer, but water levels remained at over
a meter and were too deep for aquatic plant detection at that time, necessitating the delay until late January.
The method (Sim et.al. 2018) also allows for a second sampling event after draw-down. However, Green Swamp
did not draw down prior to being topped up with environmental water in July 2019.

2.2.1

Water Quality Data

Water quality and depth data were collected from the north-west corner of each plot. This included the
collection of water samples, as well as in situ measurement and testing using a hand-held water monitoring
device. Variables tested at the plot and site levels are outlined in Table 1.

Fire Flood & Flora
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Table 1 Water variables recorded for Green Swamp exclusion study, Gunbower Forest
Water variable

Sample unit

Sample method

Depth (cm)

Plot

Measured in situ

Suspended Solids (mg/L)

Plot

Water sample collected

Temperature (°C)

Plot

Measured in situ

Dissolved Oxygen (% and ppm)

Plot

Measured in situ

Salinity (μS/cm)

Plot

Measured in situ

pH

Plot

Measured in situ

Suspended Solids (mg/L)

Plot & Site large-scale
exclosures

Water sample collected

Total Nitrogen (mg/L)

Site

Water sample collected

Nitrate + Nitrite (mg N/L)

Site

Water collect sample
collected

Total Kjeldahl Nitrogen (mg N/L)

Site

Water sample collected

CHLOROPHYLL a (μg/L)

Site

Water sample collected

PHAEOPHYTIN a (μg/L)

Site

Water sample collected

Water samples were collected in the morning, stored in eskies full of ice and couriered that afternoon to the ALS
Scoresby Laboratory. Sampling was undertaken on the initial approach to the plots, to minimise contamination
of the samples by turbidity stirred-up from walking through the wetland. Approximately 50 ml from the 12 plots
sampled within each large-scale exclosure were later combined to produce the large-scale exclosure-based
water samples.

Water quality guidelines
Water quality results for the current study have been assessed against the Australian and New Zealand
Guidelines for Fresh and Marine Water Quality (2000), since these are the most recent available guidelines for
water quality for the region. The guidelines were updated in 2018, however the updated guidelines are not yet
available online for the Murray-Darling Region. The trigger values used in this assessment (Table 2) should be
interpreted with caution. No data were available for wetlands as part of the 2000 guidelines, and the values
presented here are generalised ranges for lowland rivers.

Table 2. Water quality trigger values for lowland rivers in south-eastern Australia (ANZECC and ARMCANZ 2000)
Water variable

Units

Trigger value

Chlorophyll a (Chl a)

µg / L

5

Total Nitrogen (TN)

µg N / L

500 (0.5 mg / L)

Nitrogen dioxide (NOx)

µg N / L

40 (0.04 mg / L)

Nitrogen in the form of ammonium (NH4+)

µg N / L

20

Fire Flood & Flora
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Water variable

Units

Trigger value

Turbidity

NTU2

6 - 50

µS / cm

125-2200

Dissolved Oxygen (% saturation)

%

Lower limit: 85
Upper limit: 110

pH

-

Lower limit: 6.5
Upper limit: 8

Salinity

2.2.2

Flora Data

For each plot, all flora species (vascular plant and charophyte species) occurring within the plot boundary were
recorded, and their projected foliage cover estimated based on the following categories:
1% for species with a total cover < 5% and three or less individuals present
2% for species with a total cover < 5% and more than three individuals present
5% for species with a total cover 5% and any number of individuals
Continue in 5% increments.
Plant cover both below and above the water was recorded; hence the total plot cover will exceed 100%.

2.2.3

Photo-point monitoring

The vegetation within each plot was photographed from the:
•

North, with the whole plot and some surrounding landscape in the field of view.

•

South-west corner, capturing the inside of the plot, orientated towards the south-east corner. The
image included as much of the plot as possible.

Photographs are provided as JPEG files, in complement to the current report and data outputs.

Limitations
Sample size, pattern and frequency all influence the utility of a dataset. Due to the cryptic nature and seasonal
growth cycles of certain species, ecological surveys are often unable to detect all taxa present at a particular
site. It should be recognised, therefore, that the sample data are, at best, indicative of the total species richness
supported by the study area, and are skewed towards reporting a lower than actual level of richness.

Additionally, the Green Swamp study site was subjectively selected based on the availability of water monitoring
data. The results may not therefore reflect the diversity and/or trends of wetlands in Gunbower Forest as a
whole. Further, formal statistical analyses have not been run on these data, due to their preliminary nature.

2

Ranges for turbidity and Suspended Particulate Matter are similar (ANZECC and ARMCANZ 2000)

Fire Flood & Flora
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However, it should be noted that the study has been designed so that analyses can be run on data collected in
future surveys. For the purposes of the current report, inferences have been made using exploratory data
approaches and anecdotal observations, to suggest the likely factors that affect floristic composition and
ecological condition.

3

RESULTS

The following section presents the results from sampling in January 2019. It includes water quality and flora
results.

Water Quality
Site water quality results are presented in Table 3 and plot results in Appendix 2. When sampled in January 2019,
water in the treatment plots was slightly acidic (pH 6.0 – 6.8), fresh (219 – 231 μS/cm), and ranged in depth from
58 to 93 cm (Table 3). The water was distinctly turbid, probably from a combination of both inorganic and organic
material. The concentration of suspended solids was high (50 to 210 mg/L). Levels of total nitrogen (1 – 2.9 mg/L)
and Chlorophyll a (51 – 98 μg/L) were also high, indicating a eutrophic state, with high levels of algal production
(ALS 2019). Dissolved oxygen readings ranged from 33.8 to 140.2%.

The treatment plot water samples exceeded the trigger values in the ‘Guidelines for south-eastern Australian
lowland rivers’ for five of the eight variables recorded (Table 3, ANZECC and ARMCANZ, 2000). Most treatment
plot samples were below the pH threshold (e.g. 35 of 48 samples with pH < 6.5) and some were below the
dissolved oxygen threshold (e.g. 15 of 48 samples with DO < 85 %). All treatment plot samples exceeded the
trigger values for Total Nitrogen (0.5 mg / L), Chlorophyll a (5 µg / L), and suspended solids (50 NTU).

Table 3 Water data recorded for Green Swamp exclusion study, Gunbower Forest
Component
Analysed

Measurement

Site 1

Site 2

Site 3

Site 4

Terrestrial grazer
exclusion

Unfenced

Terrestrial
grazer exclusion

Unfenced

Depth

cm
plot range

58 - 93

68 - 93

70 - 87

65 - 84

Salinity

μS/cm
plot range

219 - 227

222 - 224

220 - 228

221 - 231

pH

plot range

6.0 - 6.3

6.3 - 6.5

6.2 - 6.6

6.5 - 6.8

Total Nitrogen

mg/L
combined site sample

2.7

2.9

2.1

1

Nitrate + Nitrite

mg N/L
combined site sample

<0.01

<0.01

<0.01

<0.01

Total Kjeldahl
Nitrogen

mg N/L
combined site sample

2.7

2.6

2.1

1
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Component
Analysed

Measurement

Site 1

Site 2

Site 3

Site 4

Terrestrial grazer
exclusion

Unfenced

Terrestrial
grazer exclusion

Unfenced

CHLOROPHYLL a

μg/L
combined site sample

73

98

56

51

PHAEOPHYTIN a

μg/L
combined site sample

33

31

26

24

mg/L
combined site sample

60

52

48

52

mg/L
plot range

52 - 120

62 - 130

50 - 180

56 - 210

°C
plot range

26.1 - 29.7

24.9 28.7

26.2 - 28.8

26.9 - 29.4

%
plot range

33.8 - 77.7

63.2 109.5

88.5 - 128.7

95.3 - 140.2

ppm
plot range

2.5 - 6.1

5.0 – 8.0

6.4 - 9.9

7.0 – 10.0

Suspended Solids

Temperature

Dissolved oxygen

* Values colour coded green are within thresholds in the ‘guidelines for south-eastern Australian lowland rivers’ (ANZECC

and ARMCANZ, 2000); red where they exceed the thresholds; and black if the variable is not included in the guidelines.

Wetland Vegetation
When surveyed in January 2019 the exclusion study treatment plots supported a low number of species at,
generally, very low covers (Table 4). The most extensive, Azolla fern (Azolla filiculoides), was recorded in 10 of
the 48 treatment plots, particularly where it was trapped by floating frames in the Side Exclusion and Floating
Top Exclusion treatments. Five other flora species were recorded, at very low covers, in four of the treatment
plots (Clove-stripe (Ludwigia peploides subsp. montevidensis), Thin Duckweed (Spirodela punctata), Common
Duckweed (Lemna disperma), Water Milfoil (Myriophyllum spp.) and Spiny Mud-grass (Pseudoraphis
spinescens). All species were native.

Netting used in the floating treatment plots was associated with a high cover of floating algae (e.g. up to 90%).
No plants were observed in the 12 accessible control sites, nor in six of the Total Exclusion treatment plots (Table
4).
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Terrestrial grazer
exclusion

Control

100.0

Floating Top Exclusion

56.7

13.0

2.6

1.5

Side Exclusion

3.5

5.8

1.7

1.3

2.0

2.0

Total Exclusion

2.0

2.0

1.7

31.7

1.5

89.8
99.8

Control
Unfenced

4

100.0

Floating Top Exclusion

31.7

44.5

2.0

1.8

Side Exclusion

4.0

8.0

2.0

1.0

Total Exclusion

Open water

Spirodela punctata

Pseudoraphis spinescens

Myriophyllum spp.

Ludwigia peploides
subsp. montevidensis

Lemna disperma

Plot exclosure treatment

Algae

Large-scale exclosure
treatment

Azolla filiculoides

Table 4 Average percentage cover of flora per treatment plot, Green Swamp, January 2019

2.0

1.5

1.0

2.0

24.2

2.0

76.6
99.6

DISCUSSION

The revised exclusion experiment has built on and refined approaches used in the previous pilot study at Little
Reedy Lagoon and Reedy Lagoon to try to provide more accurate and detailed information about the potential
effects of excluding terrestrial and aquatic grazers3 on aquatic plant communities. Exclusion plots were located
at more consistent depths, several tiers of exclusion were used to determine differences between the effects of
different types of grazers, and a greater suite of water quality variables were collected.

However, very few plants were recorded in the baseline sampling at the Green Swamp exclusion study site in
January 2019. Those recorded were either transient, floating, wind-blown species or fragments of adaptive
aquatic species (e.g. those that respond to submergence by increasing stem and/or rhizome length to ensure
foliage is above the water).

The low richness and cover of aquatic flora in the current survey could be due to a number of factors, including
the combination of water depths > 50 cm and high suspended solid levels (usually > 50 mg/L) recorded at the
time of sampling. In support of this theory, aquatic plants were observed in Green Swamp in January 2019, albeit
outside the treatment plots, in shallower water (< 50 cm deep, Figure 7), meaning that they may have been less
affected by light limitation caused by turbidity. It is also possible that these plants were able to establish before
the water became turbid in November 2018.

3

See comments about grazing in Introduction.
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Figure 7 Aquatic plants growing in shallow areas near the exclosure study site, Green Swamp, January 2019

A visual assessment of the same study area three months later reported that despite the water levels dropping
few plants had established in the plots, (D. Cook, Rakali Consulting, pers. comm. March 2019), which suggests
that high turbidity levels, and potentially the presence of carp, might still have been preventing any significant
aquatic plant germination. The suspended solid values recorded in Green Swamp in January 2019 all, except one
plot, exceeded the turbidity trigger values for South East Australian lowland rivers (ANZECC and ARMCANZ,
2000).

The role of carp in preventing germination or disturbing emerging water plants in the treatment plots in January
2019 is unclear, since the carp exclosure fencing did not effectively exclude carp (Ecology Australia, 2019). These
preliminary results also do not show any patterns in flora presence related to the exclusion of terrestrial grazers,
and with such low covers and diversity of flora, plot-treatment effects are also difficult to infer.

Interestingly, according to a 2014 seedbank study, Green Swamp recorded the second highest richness of
wetland flora species from Murray River floodplains sampled between Barmah and the Lower Lakes (Nielsen et.
al. 2014). Moreover, a high diversity of flora has been recorded in the swamp over the last 15 years, although,
generally in shallowly flooded or recently dried areas (Bennetts et. al.2018b). These results suggest that the
swamp has a viable wetland seedbank from which to respond when favourable conditions occur.

It is widely acknowledged that light limitation is a key factor constraining the occurrence of wetland plants,
particularly submerged aquatic species. Given that the seedbank at Green Swamp is viable and relatively diverse,
but turbidity levels are often high, it seems likely that turbidity is limiting macrophyte germination and
establishment. What isn’t clear is whether this turbidity is primarily generated by the presence of carp, or it is
related to other physico-chemical factors such as wetland sediment or inflow nutrient levels.

Green Swamp has a history of turbidity. The wetland was turbid in eight out of ten autumns it held water
between 2005 and 2019 (Green Swamp Photographic Addendum 2019). It appears from anecdotal observations
that the water shifts from clear to turbid in late spring – early summer, which is likely to coincide with the point
that Green Swamp is disconnected from the other wetlands on the floodplain. The relatively clear water
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observed in autumn 2011 and 2012, after and during natural flooding, suggest that summer - autumn inflows
were associated with lower turbidity.

Turbidity at this wetland appears to have both local and regional triggers and sources. Gell et.al. (2018) reported
evidence of sedimentation in Green Swamp commencing around the time of river regulation c. 1940 CE. Eddie
Munro, a retired forester, recalls that prior to the 1970s (and the introduction of carp), the Murray River changed
from clear to turbid on occasions when the Goulburn River flooded. Gell et.al. (2018) also reported evidence to
suggest that Green Swamp was a clear-water system with submerged aquatic plants prior to the 1960s, after
which it transitioned into turbid system dominated by phytoplankton and floating plants, as recorded in January
2019. The hydrological pattern recently observed by local managers is that water in Green Swamp is clear but
tea-coloured while its flowing but rapidly turns and stays turbid when flow ceases. The warm temperatures of
the standing water once it is isolated from inflows, may also have contributed to this pattern.

It is possible that the rapid change in water quality in Green Swamp in December 2019 was driven by multiple
influences, including nutrient levels, climatic conditions and carp activity. DELWP (2017) reference several
studies sighting ‘noticeable’ shifts from clear to turbid water state when carp densities reach 200–300 kg/ha.

Fish sampling conducted by Ecology Australia in the week after the flora surveys, recorded a high density of carp
in the swamp, approximately 80% of which were this year’s recruits. Of concern, carp with caudal fork length as
long as 136 mm were caught within several of the exclosures designed to exclude them (C. Bloinks, Ecology
Australia, pers. comm. June 2019). The exclosures will need to be amended to prevent this from occurring on
subsequent sampling occasions.

In addition to the above, the Floating Top exclosures, which incorporated netting that lay on the water surface,
were associated with high covers of filamentous algae (up to covers of 90%). The floating PVC frames used in
the Top and Side exclosures trapped floating flora species (again at very high levels of cover). As observed in the
past, high flora cover over the water surface can provide shelter for small native fish species, but may also reduce
light penetration of the water column and hence potentially also contribute to the inhibition of aquatic flora
(Bennetts et.al. 2018a).

The results of this study suggest that the key factors affecting macrophyte establishment in Green Swamp
appear to be:
•

High turbidity levels occurring regularly in the wetland once inflows cease and/or with the onset of
summer.

•

High nutrient loads, possibly from wetland sediment releases, but also potentially from inflow waters,
appear to be providing abundant nitrogen and phosphorus for rapid proliferation of phytoplankton on
filling.
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•

Most of the wetland may be too deep to allow enough light to penetrate to the wetland bed once the
wetland has switched to turbid conditions.

•

The presence of carp is likely to be adding to the perturbation of the sediments; both leading to
additional resuspension and increasing the inorganic turbidity, and also promoting the release of
sediment-based nutrients into the water column, fuelling phytoplankton growth.

•

The occurrence of both clear and turbid water conditions occurring in the wetland on a regular basis
suggest that these ‘states’ are transitory and easily switched under the right conditions.

The approach to deciding on a response to these findings depends strongly on the management objectives for
Green Swamp and other Gunbower Forest wetlands. As observed by Gell and Reid (2016), defining the ‘baseline’
state for these wetlands will affect the management goals, with ‘restoration’ implying that the aim is to reinstate
a historic conditions and biological communities, and ‘rehabilitation’ implying that the intention is to maintain a
functional community that might be different to what previously occurred there. Since the entire monitoring
program has taken place since the catchment has already experienced significant modification, it may be
unrealistic and unfeasible to try to ‘restore’ a historic macrophyte community at these sites.

If the aim is to try to increase the macrophyte population (both diversity and cover of characteristic species),
then focusing on the shallower wetland fringes, which are not as limited by low light penetration, could be the
most effective approach. If exclosures were relocated to these areas, this might help to reduce the compounding
effects of carp and disturbance by other grazers on the high nutrient loads that appear to be driving the
phytoplankton-dominated conditions. Once vigorous macrophyte beds are established, their presence can help
reduce sediment resuspension and subsequent internal phosphorus loading (Horppila and Nurminen 2005).

Managing for multiple stressors is a complex task and can involve trade-offs in management priorities. For
example, the drying of wetland sediments can lead to a rapid pulse of nutrients being released into the water
column on reflooding, promoting phytoplankton growth (Brookes et al. 2009), but drying can also promote the
breakage of aquatic plant seed dormancy, increase germination rates, and allow seeds to become buried in
cracks; protecting them against predation, prolonged drying and temperature extremes (Neilsen et al 2018).

The aims of both regular monitoring and experimental manipulation should be undertaken with the ultimate
management goal for Gunbower Forest wetlands in mind.

5

CONCLUSION

The baseline survey of the Green Swamp exclusion study has provided useful information to help refine future
sampling. Importantly, it has highlighted that the exclosure designs are not yet carp-proof and will need
amending. It also provides further evidence to suggest that light limitation from turbidity may be a key factor
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impacting the establishment and growth of aquatic flora, although the main origins of the turbidity are still
unclear. The next phase of the exclusion study in which carp are more effectively excluded from experimental
plots, and plots are located in shallower littoral sections of the wetland, is likely to further assist in our
understanding of this system.

Recommendations
Monitoring Recommendations
•

Prior to watering Green Swamp again, regularly assess plots to see if aquatic plants have established in
the study areas as the water level declines.

•

Prior to subsequent watering, re-survey plots during shallow conditions (e.g. < 50 cm depth) and if
allowed to draw down completely.

•

Prior to subsequent watering, re-survey the flora plots after draw-down.

•

During monitoring remove carp from exclosures aimed at excluding them, during fish sampling.

•

During monitoring release trapped Azolla from inside the treatment plots, where practical, when the
species’ cover exceeds 25%.

•

Regularly clean algal growth from floating exclosure nets (unless the exclosure is redesigned to prevent
the issue arising).

•

Extend water quality monitoring to include Total Phosphorus and Phosphate (PO 4+).

•

Continue the current water quality testing, but also analyse nutrient levels of:

•

-

Sediments at several locations within the wetland (e.g. from each exclosure site).

-

Inflow waters.

Following subsequent watering, undertake a brief flora survey (inside exclosures and outside in areas <
50 cm deep) and collect a site water sample for nutrient, Chlorophyll a and turbidity analysis. This
should be conducted shortly after flooding commences and before flow ceases. These data would not
be intended for statistical analysis, but to get an insight into the starting conditions of each flooding
event.

Management Recommendations
•

Investigate solutions for trapping carp inside the exclosures designed to exclude them.

•

Investigate solutions to prevent the top exclosure from resting on the water.

•

Consider repositioning the large-scale exclosures and randomly locating the four treatment plots within
each (currently they are systematically located).

•

Consider enlarging the Total Exclusion treatment plot exclosures to 4.5 x 4.5 m to allow for fish sampling
from outside the 3 x 3 m flora plot.

•

Remove small-gauged wire from the base of the larger terrestrial grazer exclosures, to reduce the
number of fish trapped within the exclosure when water levels drop.
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•

Increase the height of the Side Exclusion plots and, also in the Total Exclusion plots, consider using a
smaller mesh in the Total Exclosures to reduce the likely of carp entering.

•

As reported by DELWP (2017) - monitor and define an acceptable carp density based on their impact
threshold (e.g. 88 kg/ha).

•

Investigate strategies for improving water quality in Green Swamp, so that it meets acceptable
thresholds, as outlined in ‘Guidelines for south-eastern Australian lowland rivers’ (ANZECC and
ARMCANZ, 2000).
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APPENDICES

Appendix 1 – Green Swamp Exclusion study treatment plot details, January 2019

Site

Site Treatment

1

Terrestrial grazer
exclusion

2

Unfenced

Fire Flood & Flora

Receding

Natural Inflow in 12
months prior to
sampling
No

eWater delivered
water in 12 months
prior to sampling
Yes

Receding

No

Yes

Control

Receding

No

4

Side Exclusion

Receding

5

Side Exclusion

Receding

6

Side Exclusion

7
8

Plot Treatment

Wetland
phase

1

Control

2

Control

3

Plot

Code

Latitude

Longitude

GS1

-35.7591

144.2479

GS2

-35.759

144.2479

Yes

GS3

-35.759

144.248

No

Yes

GS4

-35.7589

144.2479

No

Yes

GS5

-35.759

144.2479

Receding

No

Yes

GS6

-35.7591

144.2479

Floating Top Exclusion

Receding

No

Yes

GS7

-35.7591

144.2478

Floating Top Exclusion

Receding

No

Yes

GS8

-35.759

144.2478

9

Floating Top Exclusion

Receding

No

Yes

GS9

-35.759

144.2479

10

Total Exclusion

Receding

No

Yes

GS10

-35.7589

144.2478

11

Total Exclusion

Receding

No

Yes

GS11

-35.759

144.2477

12

Total Exclusion

Receding

No

Yes

GS12

-35.7591

144.2477

13

Control

Receding

No

Yes

GS13

-35.7589

144.2476

14

Control

Receding

No

Yes

GS14

-35.7589

144.2476

15

Control

Receding

No

Yes

GS15

-35.7588

144.2476

16

Side Exclusion

Receding

No

Yes

GS16

-35.7588

144.2476

17

Side Exclusion

Receding

No

Yes

GS17

-35.7588

144.2475

18

Side Exclusion

Receding

No

Yes

GS18

-35.7589

144.2475

19

Floating Top Exclusion

Receding

No

Yes

GS19

-35.7589

144.2474

20

Floating Top Exclusion

Receding

No

Yes

GS20

-35.7588

144.2475

21

Floating Top Exclusion

Receding

No

Yes

GS21

-35.7588

144.2475

22

Total Exclusion

Receding

No

Yes

GS22

-35.7587

144.2475
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Site

3

4

Receding

Natural Inflow in 12
months prior to
sampling
No

eWater delivered
water in 12 months
prior to sampling
Yes

Receding

No

Yes

Control

Receding

No

26

Control

Receding

27

Control

Receding

28

Side Exclusion

29
30

Plot

Plot Treatment

Wetland
phase

23

Total Exclusion

24

Total Exclusion

Terrestrial grazer

25

exclusion

Site Treatment

Unfenced

Fire Flood & Flora

Code

Latitude

Longitude

GS23

-35.7588

144.2474

GS24

-35.7588

144.2474

Yes

GS25

-35.7587

144.2472

No

Yes

GS26

-35.7586

144.2473

No

Yes

GS27

-35.7586

144.2473

Receding

No

Yes

GS28

-35.7586

144.2473

Side Exclusion

Receding

No

Yes

GS29

-35.7586

144.2472

Side Exclusion

Receding

No

Yes

GS30

-35.7586

144.2472

31

Floating Top Exclusion

Receding

No

Yes

GS31

-35.7586

144.2471

32

Floating Top Exclusion

Receding

No

Yes

GS32

-35.7586

144.2472

33

Floating Top Exclusion

Receding

No

Yes

GS33

-35.7585

144.2472

34

Total Exclusion

Receding

No

Yes

GS34

-35.7585

144.2471

35

Total Exclusion

Receding

No

Yes

GS35

-35.7586

144.2471

36

Total Exclusion

Receding

No

Yes

GS36

-35.7586

144.2471

37

Control

Receding

No

Yes

GS37

-35.7583

144.2467

38

Control

Receding

No

Yes

GS38

-35.7583

144.2468

39

Control

Receding

No

Yes

GS39

-35.7583

144.2469

40

Side Exclusion

Receding

No

Yes

GS40

-35.7582

144.2468

41

Side Exclusion

Receding

No

Yes

GS41

-35.7582

144.2468

42

Side Exclusion

Receding

No

Yes

GS42

-35.7583

144.2467

43

Floating Top Exclusion

Receding

No

Yes

GS43

-35.7583

144.2467

44

Floating Top Exclusion

Receding

No

Yes

GS44

-35.7582

144.2467

45

Floating Top Exclusion

Receding

No

Yes

GS45

-35.7582

144.2468

46

Total Exclusion

Receding

No

Yes

GS46

-35.7581

144.2467

47

Total Exclusion

Receding

No

Yes

GS47

-35.7582

144.2467

48

Total Exclusion

Receding

No

Yes

GS48

-35.7582

144.2466
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Appendix 2 – Water quality and depth plot data, Green Swamp January 2019
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