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Abstract
With the historical anthropogenic manipulation of environmental flows resulting in the
declined health of the present surrounding vegetation and ecosystem, more research on the
role of soil seedbanks in recovery projects is required. Insights on the latency influences of
long term flooding has on seedbanks will be important for the restoration and management of
wetlands systems in Victoria.
The paper investigated; (1) the current diversity of the plant community represented by seed
in the seedbank of previously flooded freshwater meadows in the Winton Wetlands Reserve,
(2) the influence that flooding had on the seedbank across the Reserve and (3) the likelihood
of E. camaldulensis re-introduction by direct seeding in the Reserve.
This paper found that; (1) there was no viable population of E. camaldulensis in the soil
seedbank of historically flooded strands due to lack of a viable seed source from a parent tree.
(2) The history of flooding did not have a significant impact on the present day seedbank
composition or diversity of the soil seedbank at the Reserve F(2,67) = 1.228. (3) Soil physicochemical parameters were not a barrier to the germination of E. camaldulensis seeds in any of
the treatments zones.
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1.0 Introduction
Past mismanagement of wetlands and rivers, continued human population growth and the
impact of climate change have led to significant challenges for the conservation of riverine
ecosystems for the 21st century (Bradshaw 2012, Sharma et al. 1987).
Altered water flow regimes as a result of anthropogenic processes such as weirs and dams, are
recognised as a leading factors in waterway degradation (Catelotti et al. 2015a, Cunningham
et al. 2011, Glazebrook and Robertson 1999, Horner et al. 2009, Kingsford 2000). Poor
management in prioritising water allocations for agriculture rather than environmental needs
has left many rivers and wetlands in the southern catchments of the Murray-Darling Basin
with severely inadequate flows and in a degraded condition (Doody et al. 2015a).
The synergistic combination of land clearing and altered flow regimes has resulted in a shift
in the composition of sensitive riparian vegetation and their soil seedbanks (Jeffery et al.
1984). This disruption to natural process has caused severe dieback of the vegetation in
floodplains of the Murray-Darling Basin in Victoria, and South Australia. A well-documented
species in decline is Eucalyptus camaldulensis ssp. camaldulensis (Colloff 2014,
Cunningham, Thomson, Mac Nally, Read and Baker 2011, Meeson et al. 2002).
E. camaldulensis ssp. camaldulensis (hereafter referred to as E. camaldulensis) is a riverine
and floodplain tree, native to Australia. It is characterised by smooth grey-to-white, redbrown coloured stringy bark and its double seedcoat (Kingsford et alb. 2015;(Colloff 2014).
This eucalypt species has become an iconic flora species in Australian history, art and
ecology. E. camaldulensis consists of two variations in Australia - with E. camaldulensis
being generally found within the Murray-Darling Basin and the southern regions of Australia
(Cunningham, Thomson, Mac Nally, Read and Baker 2011, George et al. 2005).
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Eucalyptus camaldulensis ssp. obtusa, however is found outside of the Murray-Darling Basin
and northern regions of Australia (Otero et al. 2002). E. camaldulensis reaches a height of
around 30m tall however individuals have been identified to be taller (Barton and Montagu
2006). E. camaldulensis is a key Australian species, being a keystone species and an
ecosystems engineer (Colloff 2014). Its hollows and spouts provide habitat for local and
migratory waterbirds, notably the internationally significant Latham’s Snipe (Gallinago
hardwickii) and the protected White-bellied Sea-eagle (Haliaeetus leucogaster) (Barlow
2011).
E. camaldulensis has been documented as a resilient species, with the ability to adapt to
gradual long term changes to water regime (Colloff 2014, Doody et al. 2015b). While
resilient, it is prone to the effects of acute water regime modification, land clearance, salinity
and grazing resulting in poor tree health. In modified environments, water stressed E.
camaldulensis trees lack the capacity for natural recruitment due to reduced seed output to
ensure population sustainability (Colloff 2014, Jensen et al. 2008a, Meeson, Robertson and
Jansen 2002).
To ensure an individual plant species is able to persist in a vegetation community through
time or disturbances some species rely on recruitment from a seed bank (Leck et al. 1989). A
seed bank is an aggregated collection of un-germinated seed with the potential to replace its
adult plants (Jensen, Walker and Paton 2008a, Leck, Parker and Simpson 1989),
reproductively mature individuals transfer their seed to the seedbank via seed rain, and
however a proportion is lost to predation and seed germination.
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Seed germination triggers for each species differ and may require environmental triggers such
as favourable temperatures, water supply, available oxygen or chemical stimulants(Leck,
Parker and Simpson 1989).
This process has allowed for the diversification of strategies for plant species to persist and
thrive in a range of environments and disturbances. In a wetland environment, four general
germination strategies, were identified by Thompson and Grime (1979) (Leck, Parker and
Simpson 1989).
-

Type 1. Species with a dedicated summer and temporary winter seedbank.

-

Type 2. Species with a dedicated winter seedbank and temporary summer seedbank.

-

Type 3. Species with a yearlong seedbank input, but relatively low persistence in the
seedbank.

-

Type 4 Species with a relative large presence in the seed bank, though these seeds are
shallow and not persistent(Leck, Parker and Simpson 1989).

To adapt to the yearly variability in a wetland and riverine systems, E. camaldulensis adopts
the third strategy. E. camaldulensis seeds year long , however this quantity is low and have
little longevity in the soil seed bank (Jensen, Walker and Paton 2008a), and to overcome this
shortcoming, E. camaldulensis relies on storing its seed in its canopy or ‘aerial seedbank’.
The role of aerial and soil seedbanks in the recovery of E. camaldulensis dominated riverine
and wetlands environments in periods of drought or alter flow regimes has been documented
(Jensen, Walker and Paton 2008a). However, little is known regarding the role of seedbanks
in the restoration of wetlands after long term inundation, specifically E. camaldulensis
dominated freshwater meadows.
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This paper describes an investigation into the barriers to the reintroduction of E.
camaldulensis to a previously E. camaldulensis dominated freshwater meadow which had
been managed as a water storage lake for 40 years. It considers the impact that long term
flooding has had on the broader plant community seedbanks, and the viability of the existing
population of E. camaldulensis given that it does not store seed in the soil seedbank.

This study was undertaken in the Winton Wetlands Reserve, a modified wetland system in
northern Victoria, to test the hypotheses;
-

H1: Long term flooding has changed the seed bank dynamics and species diversity of
freshwater meadow areas of the Winton Wetlands Reserve.

-

H2: Regeneration of E. camaldulensis in the Winton Wetlands Reserve is not
occurring in areas that previously supported E. camaldulensis communities as there is
no seed source.

To investigate these hypotheses this paper aims to;
• Examine the current seedbank potential of freshwater meadow areas of Sergeants, Winton
and Green swamps dominated by E. camaldulensis in the Winton Wetland Reserve.
• Investigate the possible cause(s) of lack of recruitment of E. camaldulensis in selected
degraded areas of Winton Wetlands.
The overall objective of this study is to assist the Winton Wetlands Committee of
Management (WWCoM) and its on-ground managers, with recommendations for the
rehabilitation of E. camaldulensis dominated vegetation within the Winton Wetlands Reserve.
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1.1 History of the Winton Wetland Reserve
In 2004, as part of the White Paper initiative ‘Our Water Our Future’ (Barlow 2011), The
Victorian Government planned to decommission a series of unpractical water storages within
the Murray / Darling Basin. The focus of this initiative was to recover potential water which
was previously lost to evaporation, restore environmental flows to rivers and ecological
functionality in the Murray Darling Basin (Barlow 2011). In 2010, one of the storages
selected for decommissioning was Lake Makoan, followed by the rehabilitation of the area
known as the Winton Wetlands Reserve. The reserve is a series of naturalised and constructed
wetlands 10km north east of the township of Benalla, Northern Victoria (Barlow 2011).

Figure 1. The Winton Wetlands Reverse, Benalla. (Highlighted is the three main wetland
areas, Sergeants Swamp, Winton Swamp and Green Swamp)
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Winton Wetlands was originally a series of swamps, notably Winton Swamp and Green
Swamp. These swamps were described by first settlers as containing a wide range of
indigenous species and a wealth of timber resources in the woodland surrounding the
wetlands. It was also described as a place of cultural exchange for the surrounding indigenous
tribes and holds high significance in aboriginal history (Barlow 2011).
In 1970 The Winton Wetland Reserve, was permanently inundated by means of the
construction of a 7.5km long, 10m high embankment along the western boundary of the
reserve (Barlow 2011). Flows were diverted from the Broken River through a constructed
channel and into the Winton Wetland Reserve to create the artificial Lake Mokoan. At full
capacity Lake Mokoan covered 7,880 ha and was used to supply irrigation, stock and
domestic water to the surrounding district (Barlow 2011).
This intentional flooding severely disrupted the native wetlands and existing farmland pasture
within the wetland reserve. An estimated 5,000ha of pasture and a further 2900 ha of the
Eucalyptus camaldulensis ssp. camaldulensis dominated woodland was flooded. (Barlow
2011) During this time as a lake, it experienced significant issues with water turbidity, algal
blooms and estimated water losses from evaporation in the order of gigalitres per year
(Barlow 2011).
In 2004, after the release of the White Paper Policy, extensive studies were conducted for the
Lake Mokoan Future Land – Use Strategy (FLUS) to assess the feasibility of
decommissioning the site. This plan aimed to return a naturalised water regime to the Broken
River and the wetlands. In 2010, Lake Mokoan was officially decommissioned and the
Winton Wetlands Committee of Management was appointed under the Crown Land (Reserve)
Act 1978 to oversee restoration projects outlined in the FLUS (Barlow.T 2011)
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A research agreement between Deakin University and the Winton Wetlands Committee of
Management was reached to allow for an examination of the impact that long term flooding
has had on the Winton Wetlands freshwater meadows seed bank dynamic and also the current
seedbank potential of E. camaldulensis ssp. camaldulensis.
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Figure 2. Location of the Winton Wetlands Reserve , quadrats are represented by different colour circles. Green circles represent active
recuritment zones , yellow circles represent nonactive recruitment zones and red cicrles represent stag zon
8

2.0 Methods
2.1 Quadrat Site Location Parameters
Quadrats were established in three E. camaldulensis treatment zones characterised by the
presence of;
1. Reproductively mature E. camaldulensis trees with active recruitment of seedlings in
the understory. This was termed as ‘active recruitment’ sites
2. Reproductively mature E. camaldulensis trees but no recruitment of seedlings in the
understory , Termed as ‘non-active recruitment’ sites
3. Dead E. camaldulensis trees with no recruitment of seedlings in the understory (stag)
A fourth treatment characterised by dead E. camaldulensis trees with recruitment of seedlings
in the understory was considered. However, this zone does not exist within the Winton
Wetland Reserve and a substitute location in similar environment type could not be found.
An onsite survey and aerial photographs of the Winton wetlands were reviewed and used to
identify potential vegetation zones for the location of quadrats. One condition requested by
the Winton Wetlands Committee of Management were that the field sampling be designed to
avoid areas with cultural significant artefacts.
2.3.0 Characteristic of Recruitment Zones
There are diverse and unique ecosystems and vegetation’s structures in the Winton Wetlands.
To achieve the objectives, the correct selection of zones that contained the natural recruitment
criteria was critical
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2.3.1 Active Recruitment Zone
Active recruitments zones were characterised by their lack of a flood history. These sites were
established in the first years of the flooding of Lake Mokoan. These sites were on the edge of
Lake Mokoan and the E. camaldulensis population were able to establish and develop over
the forty years. This resulted in the vegetation structure that was used in this study. These
sites typically contain an E. camaldulensis over story and an understory of Vulpia bromoides
and Lachnagrostis filiformis.

Figure 3. An image of site ‘Stop Sign’, a typical representation of active recruitment zone
with reproductively mature trees and active recruitment occurring.
Three quadrats were placed in these zones. Two sites were placed within the southern
boundary of Sergeant’s Swamp where it had reached the boundary of Lake Mokoan.
The third quadrat was placed on the slope of southern boundary (Figure 2).
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2.3.2 Non-Active Recruitment Zone
Non-Active recruitments zones were characterised by a low flooding history. These sites were
flooded for an amount of time, however not long enough to cause a die-off in the E.
camaldulensis strand. This flooding history and the influences of grazing licences in the
reserve resulted in these sites having similar overstore to active recruitment zones. However,
in the Non Active zone there is a lack of understory and very few, to none, examples of tree
species germinating in these zones.
Three quadrats were placed in these zones. Two sites were placed within the southern
boundary of Sergeant’s Swamp. These sites were closer to the centre of the wetlands. The
remaining site was on the slope of Green Hill. It is to be noted that this site is used for the
grazing of cattle.

Figure 4. An image of site ‘Away Fence’, a typical representation of non - active recruitment
zone with reproductively mature trees however to the history of flooding and cattle grazing
active recruitment is not occurring.
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2.3.3 Stag Recruitment zone
These zones were charactered by a lack of mature E. camaldulensis these sites have had a
significant history of flooding for a period of least 30 years. The sites of the quadrat were
placed evenly out through the reserve. One placed on the Eastern bank of Sergeants Swamp.
Two were placed on the Southern bank of the Winton Swamp and one placed on the Western
boundary of Winton Swamp

Figure 5. An image of site ‘Bank’, a typical representation of stag recruitment zone with no
reproductively mature trees and no active recruitment is occurring
2.4.0 Determining Adequate Quadrat Size
To determine the optimal size of quadrats for in the Winton Wetlands, a species area curve
was conducted. (In the areas with strand of E. camaldulensis, it was discovered that a quadrat
with dimensions of 40 metre by 40 metre or an area of 1600m2 was required to encompass
sufficient individual examples of mature E. camaldulensis.
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2.5.0 Placement of Quadrats
Ten 40mx40m quadrats were located randomly within the treatment zones using a random
walk technique (Bosomworth 2000). The random walk started with the selection of a starting
point which was done by assigning a random number to the first twenty trees encountered in a
zone and selecting one using a random number generator as starting point.
Selection of quadrats were based on presence of mature E. camaldulensis trees. The site
selections were also influenced by vehicle accessibility and the need to abide the requirements
of the Winton Wetlands Committee of Managements policy outlining the avoidance of areas
with known aboriginal artefacts.
The random walk involved walking on a randomly selected compass bearing (0-359 degree)
and a random step distance (0-30 steps). This process was repeated three times. The
orientation of the quadrat was randomly selected from one of four orientations (1 = 0° - 90°
2= 90° – 180° 3= 180° – 270° 4= 270° - 360°).
If the quadrat sites did not contain at least three reproductively mature E. camaldulensis trees,
either alive or dead, the process was repeated until a site was located where there were at least
three mature E. camaldulensis trees.
2.6.0 Vegetation Survey
Permanent quadrats were established through out of the reserve. These quadrats allowed for
samples to be collected of E. camaldulensis stands in a random fashion. It was used to
determine the Environmental Vegetation Class as well as develop an understanding of the
understory species present in the Winton Wetlands Reserve.
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The surveys studied the percentage cover of plant species, assessment of the condition of E.
camaldulensis and occurrence of E. camaldulensis recruitment. Earlier vegetation surveys by
Roberts & Hale (2007, 2008) were used as guides to the identification of the species present.
2.6.1 Vegetation Identification
A sample of each plant species present was collected from each quadrat and identified using
‘Lake Mokoan Littoral Vegetation: Monitoring Program 2007’ & ‘Littoral & Wetland
Vegetation at Lake Mokoan , March 2008’ (Roberts & Hale 2007). A field herbarium was
compiled and vegetation species lists were created for each of the ten sites.
2.7. Soil Seed Bank
2.7.1 Soil Seed Bank Sampling
The sampling and glasshouse experimental design used in this study, were based on a
standard sampling design by Brock (2000). The sampling methods demonstrated the
minimum number of core sample required to assess a seedbank were 5 aggregate samples of 8
core sample equivalent to 0.016m2 at each wetland site. (Brock and Leck 2000)
This study adjusted this method with a 7 aggregate samples of 6 core samples at each of the
wetlands sites.
2.7.2 Field Sampling
In order to gain an accurate representation of the seedbank and soil profile a sediment sampler
was used to extract consistent core soil samples.
In order to overcome the natural variation within the quadrat, randomly generated x,y
coordinates were used to determine the locations of core extractions within each quadrat. All
cores samples were taken when the Reserve had not had any rain for over two days.
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Care was taken to maintain the integrity of the core sample in the extraction process. Six
cores were carefully placed into a container, becoming a single experimental unit. Trays were
labelled with location, recruitment type and a tray number.
42 core samples were taken from each quadrat, a total of:
 126 core samples (21 Trays) from Active Recruitment Zones
 126 core sample (21 Trays) from Non-Active Recruitment Zones
 168 core sample (28 Trays) from Stag Recruitment Zones

2.7.3 Glasshouse Experiment Design
The seven trays of cores collected from each quadrat were placed in single 55cm by 40cm
plastic tanks. The trays were randomly placed within the tank and to avoid light and
temperature variation in the glasshouse. The tanks were placed randomly within the
glasshouse.
The trays were left to dry out for a month and then the same wetting treatment was applied to
all of the tubs. The tubs were filled with water so that the core material was constantly
saturated by water entering the trays through six 4mm holes in each side of the tray. This
treatment was applied for two months.
To avoid algal blooms, the trays were carefully removed every fortnight, the tanks were
cleaned, the water replaced, and trays randomly arranged back into the tank. To avoid long
term influence of variances in light and temperature throughout the glasshouse the tanks were
randomly rearranged after cleaning.
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2.7.4 Data Analysis
A univate ANOVA was conducted to determine the significant of species compositions and
abundance. (Brock and Leck 2000)
2.8.0 Seed Bank Rain
In order to investigate whether or not conditions within the Winton Wetlands Reserve
treatment zones are suitable for E. camaldulensis seed germination, on and offsite
germination trials were carried through a seed rain experimental design. This involved
simulating normal E. camaldulensis seed rain conditions within the quadrats in the different
treatment zones and in a controlled glasshouse environment.
2.8.1 Field Seed Rain
Each month from April to September, three 1 x 1 metre quadrats were randomly placed, using
a coordinate generated from a random number generator at each of the 40x40m quadrats.
5.31 grams of E. camaldulensis seed was used to attempt to replicate normal seed rain
behaviour. However due to the quantity of E. camaldulensis seed outputs in a seeding season
and the cost of E. camaldulensis seed, it was unpractical to replicate at a similar scale, so this
study used only used a fraction of normal
5.31 grams of E. camaldulensis equals to 2125 seeds and with the field germination rate of 95
– 99%, making visual count of seedling emergence manageable.
These sites and quadrats were revisited monthly and the number of E. camaldulensis
seedlings in each of the quadrats were counted.
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2.8.2 Glasshouse Seed Rain
In the case of external factors compromising the field seed rain, a parallel study was
conducted in the Deakin University Waurn Ponds glasshouse.
Using trays containing six core samples from each of the 10 quadrats, 50 (~ 2.3 ± seed) seeds
were placed on to the core samples and the tray were saturated using the same method of the
seedbank potential.
This treatment was applied for a month and then the E. camaldulensis seedling were counted.
2.9.0 Soil Analysis
The soil chemistry of the treatment zones within the Winton Wetlands was characterised
whether or not this might be influencing the germination of the E. camaldulensis. These test
used the soil from six core randomly extracted from each of the 10 quadrats. A Palintest Soil
Kit was used to test pH, electrical conductivity, nitrate, and phosphate and potassium levels.
2.9.1 pH
Core samples from an individual site were mixed to ensure and representative soil pH. Four
millilitres of soil was mixed in 10ml of deionised water and shaken for one minute. Using the
mutiperameter pocket sensor’s pH electrodes, the soil pH was recorded. This process was
repeated for each of the 10 sites.
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2.9.2 Electrical Conductivity (E.C.)
The soil electrical conductivity was record by mixing 10ml of soil in 50ml of deionised water
and shaking for two minutes. The soil within the sample was allowed to settle and the
multiparameter pocket sensor’s conductivity probes were immersed in the sample until the
readout value had stabilise and was recorded. The process was repeated for each of the 10
sites
2.9.3 Nitrate Content
Core samples were mixed and averaged samples was taken from each of the 10 sites and their
nitrate content was recorded using a Palintest soil test kits. Refer to Palintest Test Manual for
specific methods.
2.9.4 Phosphates Content
Core samples were mixed and averaged samples was taken from each of the 10 sites and their
Phosphate content was recorded using a Palintest soil test kits. Refer to Palintest Test Manual
for specific methods.
2.9.5 Potassium
Core samples were mixed and averaged samples was taken from each of the 10 sites and their
Potassium content was recorded using a Palintest soil test kits. Refer to Palintest Test Manual
for specific methods.
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3.0 Results
3.1 Site Conditions
3.1.1 Environnemental Vegetation Class
The Environment Vegetation Classes (EVC) varied across the Winton Wetlands Reserve,
giving it its unique character. To include these variations, the study placed several of the
permanent quadrats in different parts of the EVC’s.
All active recruitment zone quadrats were placed in a Plain Grass Woodland EVC 55. Non –
active recruitment zone quadrats were placed in Swampy Riparian Woodland EVC 56, with
the exception of site ‘Hill’ which was placed in a Grassy Woodland EVC 175. All stag sites
were placed in Red Gum Swamp EVC 292 (Barlow 2014; Table 1).
3.1.2 Soil Texture Analysis
The study was able to classify each of the location’s soil text using the soil texture pyramid.
Of the 10 sites that were classified, eight were a clay dominated soil texture while site “Bank”
and site “Away Fence” had a sandy clay texture (Table 1).
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Table.1 Site Name, Recruitment Type, Environment Vegetation Class and Soil Texture for
all quadrats in the Winton Wetlands Reserve.
Site Name

Recruitment Type

EVC

EVC Number

Soil texture

Wall

Active Recruitment

Plain grass woodland

55

clay dominated soil

Stop Sign

Active Recruitment

Plain grass woodland

55

clay dominated soil

Fence line

Active Recruitment

Plain grass woodland

55

clay dominated soil

Away Fence

Non- Active Recruitment

Plains swampy woodland

56

Sandy clay soil

Close Fence

Non- Active Recruitment

Plains swampy woodland

56

clay dominated soil

Hill

Non- Active Recruitment

Grassy woodland

175

clay dominated soil

Inlet

Stag Recruitment

Red Gum Swamp

292

clay dominated soil

North Road

Stag Recruitment

Red Gum Swamp

292

clay dominated soil

Boggy Bridge

Stag Recruitment

Red Gum Swamp

292

clay dominated soil

Bank

Stag Recruitment

Red Gum Swamp

292

Sandy clay soil

3.2.0 Vegetation Survey
To gain an understanding of the type of vegetation species present of each site, a vegetation
survey was carried out. Using the starting point of the ten 40 x 40 quadrats, eight by eight
metres of the quadrat was marked out and estimating the percentage coverage by species
One survey was conducted in April, representing a dry wetland system and one in September,
representing a wet wetlands system. The data were analysed using a Non-Metric MDS (Figure
7). Overall, there were 12 species recorded during the Vegetation Surveys. Percentage
estimates were done at each of the quadrats resulting in levels of native & introduced species
recorded at each quadrat (Appendix 1.).Out of the 12 species detected 50% of the species
were identified were native to the Winton Wetlands Reserve. Species that were found in
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higher proportion were Vulpia bromoides, Lachnagrostis filiformis and Cirsium vulgare
(Appendix 2).

Non-metric MDS
Transform: Square root
Resemblance: S17 Bray-Curtis similarity

Fenceline

2D Stress: 0.1

SIMPROF

Inlet
Inlet
NorthRoad

Fenceline
Away Fence
Hill

Site Code
NorthRoad

Hill

Away Fence

Boggy Bridge
Boggy Bridge
Bank Bank

1aApril
1aSeptember
2aApril
2aSeptember
3aApril
3aSeptember
4bApril

Close
Fence
Wall
Close Fence
Stop Sign
Stop Sign
Wall

Figure 6. Non-Metric MDS, showing clustering of vegetation composition abundance across
two sampling periods (April and September). Triangles represents active recruitment zones,
squares represent non-active recruitment zones and stags sites are represented by circles.
Samples that were taken in April are solid and samples taken in September are hollow. The
green boundary represent a notable difference in species compositions between sites.
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The non – metric MDS demonstrates that:


Sites that were located closer together showed a higher probability of similarity of
vegetation than those further apart (Figure 3).



There was no difference between treatment zones and the compositions of the
vegetation present at quadrats (Figure 3).



In most cases the percentage cover of the species mix at each site was similar in April
and September (Appendix 3).

3.3.0 Soil Seedbank Potential
3.3.1 Seedbank Potential
No seedlings were recorded in the control trays or the housing tank, confirming that there was
no movement of propagules between trays under the hydrological conditions created by the
experimental design.
Eighteen flowering species were detected in the seed bank analysis with a total count of
individual’s plants being 4,758. Two moss species were record and their level of coverage on
the tray was recorded.
Vulpia bromoides , Trifolium Medicago, Lachnagrostis filiformis were the most abundant
species in the Winton Wetlands seedbank , together making up 71.54 % of the population that
was sampled.
There was a significance difference between seedbanks in different sites found through the
wetlands. F (7, 60) = 7.56, p= 0.001. There was an observed link demonstrating that active and
non-active recruitment sites are different in species composition and abundance.

22

Site ‘Fence Line’, ‘Hill’ demonstrated the greatest variances between each of the 10
experimental trays. These variances are visually presented in Figure 8 Below
Transform: Square root
Resemblance: S17 Bray-Curtis similarity
2D Stress: 0.16

Site Name
Wall
Stop Sign
Fenceline
Away Fence
Close Fence
Hill
Inlet
North Road
Boggy Bridge
Bank

Figure 7. Non-metric MDS showing clustering of species abundance and composition of trays
(September). Triangles represent active recruitments zones, squares represent non active
recruitment zones and circles represent stag recruitment zones.
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3.3.2 Seedbank Simpson Diversity Index
To investigate if historical flooding has had an impact on the species diversity of seedbank,
the Simpson Diversity Index of each of the trays was recorded. Each experimental tray was
pooled in their treatment zone and an ANOVA test was conducted (Figure 9).

Figure 8. An error boxplot of the SQRT transformed Simpsons Diversity Index of each of the
different recruitment zones.
There was no significant difference of Simpson diversity index between active, non-active
and stag recruitment types (F(2,67) = 1.228 , p = 0.299)
However there was a significant difference between site codes (F7,60) = 4.555 , p < 0.01) Site
‘Bank’ had a higher diversity index (0.8998) (Tukey P < 0.05) than Site ‘Close Fence’
(0.6031), ‘Inlet’ (0.5941) , ‘Boggy Bridge’ (0.5740) , ‘Away Fence’ (0.5676) and ‘Stop sign’
(0.5527). All other sites were not significantly difference in species diversity (Tukey P >
0.05)
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3.4.0 Seed Rain
3.4.1 General Outline
In order to investigate the germination rates for E. camaldulensis in both the field and the
laboratory, test were conducted on the Winton Wetlands Site and also at the Deakin
Glasshouse in Geelong.
3.4.2 Field Seed Rain
The field rain experiment ran through the months of April – September and gave a range of
responses, as shown below in Figure 10.
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Figure 9. Graphical representation of germination rates of E. camaldulensis , total rainfall
and average maximum temperature data from Benalla Airport Weather Station : 082170
(Bureau of Meteorology 2016)
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In order to test the effect of rainfall and the maximum temperature on E.camaldulensis
germination, a Kluskal Wallis test was conducted. The outcome of the test showed that there
was no significance difference between the treatments zones, monthly rain or maximum
temperature on the germination of E. camaldulensis seedlings, p = 0.298.
There was no significance between treatment zones and the percentage of E.camaldulensis
germination in the field environment, F(2,7) = 0.063 , p = 0.940.

Figure 10. An error boxplot representing of the percentage of E.camaldulensis germination at
each of the recruitment zones.
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3.4.3 Glasshouse Seed Rain
There was no significant difference between the germination rates in the soil taken from the
three different recruitment zones, across the Winton Wetlands Reserve ( F2,7 = 0.036 , p =
0.965) (Figure 12). All treatments were similar in results and not significantly different from
each other (Tukey p >0.05).

Figure 11. An error boxplot representing of the percentage of E.camaldulensis germination at
each of the recruitments.
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3.5.0 Soil Chemistry
In order to gain a level of insight into the physico-chemical factors that may influence the
emergence and establishment of seedlings at each individual site, a series of soil chemistry
test were conducted.
3.5.1 pH
There is no significant difference between the results of the pH in the soil in the three
different recruitment zones, across Winton Wetlands ( F2,7 = 1.001 , p = 0.415). All treatments
were similar in results and not significantly different from each other (Tukey p > 0.401)
(Figure 13).
The samples were quite variable within the slightly acidic to strongly acidic range. Areas with
active recruitment present recorded pH values that were towards strongly acidic end of the
range. However their ranges were within normal soil pH range for the Goulburn - Broken
catchment surface soil pH (Victorian Government Resource 2016 ;)

Figure 12. An error boxplot representing soil pH the three different recruitment zones.
28

3.5.2 Electrical Conductivity (EC)
There was no difference between the results of the electrical conductivity of the soil water in
the three different recruitment zones, across the Winton Wetlands Reserve ( F2,7 = 0722 , p =
0.519). All treatments were similar and not significantly different from each other (Tukey
p >0.544). EC was most variable in the active recruitment zone.

Figure 13. An error boxplot representing the soil electrical conductivity at each of the three
different recruitment zones
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3.5.3 Nitrate Content
There is no difference between the results of the nitrate content in the soil in the three
different recruitment zones, across the Winton Wetlands Reserve (F2,7 = 0.336, p = 0.725) All
treatments were similar in results and not significantly different from each other. (Tukey
p >0.715) Samples were in the desired soil nitrate range (10 – 50mg/kg) (Apal, 2016)

Figure 14. An error boxplot representing the soil nitrate at each of the three different
recruitment zones.

30

3.5.4 Phosphates Content
There is no difference between the results of the phosphate content in the soil in the three
different recruitment zones, across the Winton Wetlands Reserve (F2,7 = 0.306, p = 0.746) All
treatments were similar in results and not significantly different from each other. (Tukey
p >0.753)

Figure 15. An error boxplot representing the soil nitrate at each of the three different
recruitment zones.
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3.5.5 Potassium Content
There is no difference between the results of the potassium content in the soil in the three
different recruitment zones, across the Winton Wetlands (F2,7 = 1.596, p = 0.268) All
treatments were similar in results and not significantly different from each other. (Tukey
p >0.338)

Figure 16. An error boxplot representing the potassium content at each of the three different
recruitment zones.
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4.0 Discussion
This study investigated the composition of the seedbank of Winton Wetlands Reserve in areas
subjected to long-term flooding by Lake Makoan compared to areas subjected to more
intermittent inundation at the edge of Lake Makoan. Vegetation cover and seedbank content
were compared seven years after the decommissioning of the Lake. The distribution of live E.
camaldulensis trees and seedling recruitment were a focus of the study.
The distribution of quadrats in active, non-active and stag recruitment zones reflects the
historical changes in hydrology within the Winton Wetlands Reserve. The flooding and
subsequent land management of the reserve has determined the present EVCs that this study
researched. Some points that should be considered are:
The research quadrats sites with active recruitment were well above the waterline of Lake
Mokoan (Roberts et al. 2008). Aerial imaging from Roberts (2008) demonstrates that the
mature strands present today were 200-300 metres away from the edge of the Lake. This
study concludes that these sites were seeded by the original strands during the initial filling or
flooding events. Current E. camaldulensis recruits at these sites are predicted to be the result
of large rainfall events in the last five years. These sites were most likely grazed before the
inundation of the wetlands systems and despite minor flooding events, the EVCnumber? Has
probably remained unchanged since before the creation of Lake Makoan.
Non-active recruitments zones, were most likely situated on the very edge of the waterline
and transport of seeds. Subsequent land use for cattle and sheep grazing, has resulted in the
suppression of grass species and recruitments of E. camaldulensis.
In contrast, stag recruitment zones were the original strands of E. camaldulensis in the
wetlands and during its time inundated these strands were lost. Plant community has been
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determined by its recovery over the last seven years in response to seasonal inundation similar
to the pre Lake Makoan wetland hydrology.
4.1.0 Vegetation Survey
The vegetation cover was an indicator of the species present in the soil seed bank with 10 of
the species found in the survey present in the seedbank of 19 species.
As seedbanks act as a repository, allowing species to persist through seasonal and yearly
variances in wetland hydrological regimes, Vulpia bromoides, Lachnagrostis filiformis have a
significant presence in both the above ground vegetation and the seedbank. However, our
target species E. camaldulensis occurs in the vegetation survey of the active and non-active
recruitment zones but not in the seedbank as it holds its seed in the canopy rather than the soil
seedbank.
Temporary wetlands seedbank vegetation changes through periods of high and low water
levels and seasonally flooding is typically not long enough to displace most abundant species
(Leck, Parker and Simpson 1989). In the case of Winton wetlands the above-ground
vegetation in the treatment zones was dominated by the grass species Vulpia bromoides,
Lachnagrostis filiformis and Romulea rosea which are present throughout the year. E.
camaldulensis was the dominant tree species in the active and inactive recruitment zones.
Only three sites demonstrated substantial changes between the April and September
vegetation surveys; Hill, North Road and Fence Lines sites (Figure 5). This was most likely
due the reduction in the area of bare ground and the loss of leaf litter due to increased plant
growth and flooding. There was no change in species composition through time.
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4.2.0 Seedbank Potential
Seedling emergence showed no significant difference in the three recruitment zones. Species
diversity of each of the seedbanks was not significantly impacted by its historical flooding. In
contrast to this study, results of many wetlands seedbank investigations have demonstrated
that long-term inundation of seedbanks resulted in a decrease in species emergence and
richness (Leck, Parker and Simpson 1989, Peterson and Baldwin 2004). While other studies
have demonstrated that flooding increases similarity of seedbanks in between wetlands due to
the transportation of invasive species through the flooding of wetlands banks (Mingxi et al.
2005).
This study’s assessment of the seedbank in originally flooded (stag sites) and non-flooded
sites (active and non-active sites) did not show evidence that historical flooding has an impact
of current day seedbank dynamics or composition.
The evidence indicates that the Winton Wetlands follow the trend outline by Mingxi (2005)
that the long-term flooding has made the seedbanks significantly similar in terms of species
composition and diversity due to distribution of seed throughout the system when the
wetalnds were joined by flooding.
However, there is a casual difference between stag recruitments sites, and the active
recruitment and non-active recruitment sites (Figure 6) which could be a result of;
-

The seasonal filling and drying of the wetlands areas in the years after the lake had
been decommission changing the composition slightly but not significantly.

-

Variances in elevation or land use.

To investigate the full impact of flooding, core sampling and assessment would have needed
to be conducted before and immediately after a flooding event (Osunkoya et al. 2014). Due to
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the flood occurring in the 1970’s, there were no vegetation surveys or historical seedbank
information for a direct comparison.
4.3.0 River Red Gum Seedbank Potential
The assessment of the seedbank, was used to evaluate the viability of population of E.
camaldulensis in the seedbank at different sites across the wetlands. This study detected no
population of E. camaldulensis in any of the seedbanks of the active, non-active or stag sites.
There could be several reason why there were no E. camaldulensis detected in the assessment
of active and non-active sites.
-

Due to the constraints of Honours Project timeline, core samples were taken in April,
outside the peak period of seeding and germination (November to January) (Colloff
2014, Doody et al. 2015c).

-

E. camaldulensis is not persistent in the seedbank as it holds its seed in an aerial
seedbank (Jensen, Walker and Paton 2008a).

-

Its seed rain fluctuates from year to year depending on water stress (Catelotti,
Kingsford, Bino and Bacon 2015a).

-

While germination of E. camaldulensis can be initiated by moderate rainfall events,
significant recruitment events requires an ideal combination of high temperature,
moisture content and soil surface conditions (Catelotti, Kingsford, Bino and Bacon
2015a).

For stag recruitment sites, the most obvious reason for the lack of seed in the seedbank is the
lack of a seed source from a parental trees, due to the mature population being drowned as
part of the 35 years inundation as Lake Mokoan.
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Further seedbank analysis is suggested during optimal seeding months to clearly demonstrate
conclusively that the lack of recruitment in stag recruitment zones is solely due to this lack
seed source.
4.3.0 Field & Glasshouse Seed Rain
A field seed rain experiment was used to investigate whether or not E. camaldulensis seed
could be germinated in each of treatment zones.
Laboratory tests demonstrated that the seed used in this experiment was viable with an
average germination rate of 27%. However, regardless of recruitment zone, field-based seed
germination was extremely low and variable in all of the testing sites throughout the testing
period. The highest germination rates were similar to the 95–100 percent mortality rate on
bare soil seedbeds reported by Dexter (1967);(Colloff 2014, Dexter 1989). The low field
germination rates found in this study are probably a result of changes in microclimates
influences of temperature, moisture content and the type of cover reported to influence a
germination rate in the field (Jensen et al. 2008b).
Successful field germination and subsequent recruitment of E. camaldulensis occurs when a
combination of vital conditions coincide. The primary determinant for success recruitment of
E. camaldulensis is the available of moisture in the soil (Jensen et al. 2008b ; Colloff 2014
(Catelotti et al. 2015b). Typically, this is in the form of a flooding pulse or significant rainfall
event which causes germination to occur. An understanding of these factors will be critical if
any seed based restoration program were attempted at the Winton Wetland’s Reserve.
This study demonstrated that difference in recruitment type and pervious flood history had no
influence on germination rates of E. camaldulensis, as recruitment occurred at all locations.
There were no significant differences in rates of germination between treatment zones.
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Another component of the experiment was the soil chemistry of the quadrats. Analysis of the
results demonstrated that pH, electrical conductivity, nitrate, phosphate and potassium from
each of the recruitment zones were not significant different.
Anecdotal observations of quadrats highlighted that increased soil cover and disturbance had
higher rates of seedling germination, compared to quadrats with a bare soil bed, this
observation is consistent with the findings of Dexter (1967; 1970) on the influence of seedbed
condition on germination (Colloff 2014).
A worthwhile enhancement of this investigation would be to look at the effect of
microclimate and the amount and type of groundcover on in-situ seed germination rates,
5.0 Future Research Recommendation
With this unique restoration project, there will be significant challenges that will need to be
researched to inform future management practices.
1. The feasibility of direct seeding versus tube stock planting of E. camaldulensis in the
Winton Wetlands Reserve.
2. The role of natural or artificial flooding events to assist natural seed dispersal for
recruitment in the Winton Wetlands Reserve.
3. Research and management strategies for flooding to maintain E. camaldulensis health
conditions.
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6.0.0 Conclusion
The recruitment of E. camaldulensis relies on seed rain in combination with a mix of
environmental conditions to trigger germination and support recruitment rather than storing
seed in the soil until conditions are ideal for germination. It is most likely that there is no
recruitment in the stag areas of Winton Wetlands Reserve because there are no reproductively
mature trees in that zone to provide the seed source.
A recommendation to the Winton Wetlands Reserve Committee of Management from this
investigation is that a cost-effective and efficient management approach to re-establishing E.
camaldulensis in the stag recruitment zones would be to plant E. camaldulensis seedlings and
to allocate resources to their maintenance in order to establish reproductively mature trees as
quickly as possible. These trees would provide the seed rain for the ongoing recruitment of E.
camaldulensis throughout the zone when conditions are ideal.
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8.0.0 Appendix
Appendix Table 1. Average Species cover by percentage by recruitment zones at the Winton Wetlands

April
Species
Bare Ground
Leaf Litter
Eucalyptus camaldulensis
Vulpia bromoides
Hypochaeris radicata
Helminthotheca echioides
Trifolium sp.
Trifolium medicago
Romulea rosea
Elatine gratioloides
Lachnagrostis filiformis
Azolla filiculoides
Chenopodium pumilio
Cirsium vulgare

23.33 ± 5.77
16.66 ± 5.77
16.667 ± 11.54
43.633 ± 15.27
>1
>1
>1

>1
10 ± 17.32

Active
September
10 ± 0.00
3.33 ± 5.77
16.667 ± 11.54
50 ± 17.32
>1
>1
>1
0
0 10 ± 10
3.33 ± 5.77
16.66 ± 28.86
0
0
0

Non-Active
September

April
26.66 ± 5.77
33.33 ± 15.27
16.667 ± 11.54
10.00 ± 17.32
>1
>1
>1

13.33 ± 5.77
16.66 ± 11.54
16.667 ± 11.54
16.66 ± 20.81
3.33 ± 5.77
>1
>1

0
6.66 ± 11.54
>1
13.33 ± 11.54
0 >1
0 >1
0

10 ± 10
>1
16.66 ± 15.27
>1
3.33 ± 5.77
0
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April

Stag
September

10.00 ± 8.16
10.00 ± 0.00

2.50 ± 5.00
0.00 ± 0.00
0

17.50 ± 9.57
>1
>1

0
27.50 ± 9.57
>1
>1

0
0 12.50 ± 9.57
12.50 ± 9.57

0
15.00 ± 10.00
15.00 ± 10.00

0
12.50 ± 15.00

0
17.50 ± 20.61

0
0
0 30 ± 8.16

0
0
30.00 ±14.14

Appendix Table 2. Average germination rates from seedbank potential by recruitment zones at Winton Wetlands.
Species
Vulpia bromoides
Stellaria caespitosa
Anagallis arvensis
Elatine gratioloides
Trifolium Medicago
Lactuca serriola
Lythrum hyssopifolia
Epilobium billardieri
Romulea rosea
Medicago sativa
Lachnagrostis
filiformis
Aster subulatus
Ranunculus
sessiliflorus
Hypochaeris radicata
Azolla filiculoides
Unconfirmed Species
1
Unconfirmed Species
2
Unconfirmed Species
3
Unconfirmed Species
4
Unconfirmed Moss 1

Mean
6.57
4.47
1.095
11.9
0.381
0.0476
0
0
11.38
0.047

Active
Standard Deviation

Non-Active
Standard Deviation

Mean

Stag
Standard Deviation

Mean

12.19
8.31
1.67
10.91
0.74
0.2182
0
0
16.8
0.2182

8.28
4.143
0
11.05
2.143
0
0
0
1.19
0.047

21.01
12.9
0
13.08
2.726
0
0
0
3.71
0.2182

46.89
0.5
1.179
1.786
19.32
0.2143
5.571
0.07143
0
0

58.11
2.09
3.34
2.78
23.52
1.134
15.76
0.2623
0
0

33.9
0.6667

28.05
1.906

21.81
0

20.43
0

2.75
0

14.55
0

0
0
3.33%

0
0
11.11%

0.2857
0.2857
4.29%

1.309
1.309
6.18%

0
0
8.75%

0
0
11.44%

0

0

0.09524

0.3008

0.03571

0.189

0

0

0

0

0.1786

0.9449

0

0

0.8571

1.711

0.07143

0.2623

0
6.19%

0
7.73%

0
10.95%

0
12.61%

0.6789
3.93%

1.701
4.58%
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