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R E S E A R C H  S U M M A R Y  
 

A germination study of eleven wetland sites in Gunbower Forest was undertaken to understand more about the 

wetland seedbanks. Sediment samples collected from 16 study sites were air dried and then inundated for 131 

days over the 2020-2021 Summer-Autumn, with counts and identification of germinants on five occasions after 

inundation. A summary of the results follows. 

 

Germination results 

- A total of 18 species were germinated from sediment sampled from the 11 wetlands, with  an 

abundance of between one and 577 seedlings for each species in the experiment. This included an 

exotic rush species. 

- Some species commenced germinating in Summer (after 21 days of inundation), while other species 

did not start germinating until Autumn (after 100+ days of inundation).  

- The richness and abundance of germinants across all sites peaked in Autumn after 100 days of 

inundation. 

- Floating and aquatic species germinated from Summer through to Autumn, albeit not in all wetland 

samples. Mudflat species were more abundant in Autumn samples. 

- Five species germinated more abundantly than the remaining 13 species, with the aquatic Waterwort 

(Elatine gratioloides) accounting for 34% of all germinants. 

 

Wetland-based results 

- Each study wetland was found to support a somewhat distinct composition of germinating flora.  

- The Little Gunbower Complex samples recorded both a high richness and high abundance of seedlings.  

- A high richness of species also germinated in the Reedy Lagoon samples, but germinants emerged later 

than from the other wetland samples.  

- High seedling abundances were recorded from Corduroy Swamp (232) and Long Lagoon samples (241), 

and there was also evidence to suggest that the species compositions from these sites were different 

to other sites.  

- The composition of flora germinating in the Little Gunbower Creek and Iron Punt Lagoon samples also 

differed from the composition observed in the other wetlands, with only 16 seedlings emerging from 

the former and only four species from the latter . 

 

In summary, the sediment sampled from the 11 wetlands monitored in Gunbower Forest was found to support 

an abundant, species-rich seedbank that germinated successfully under the experimental conditions. It is likely 

that the seedlings that emerged represent only a portion of the seeds in the wetland sediments. The results 

suggest that the wetlands all supported a viable seedbank and, hence, have the potential to regenerate wetland 

vegetation in Gunbower Forest.  
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Reedy Lagoon, April 2010 
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Black Swamp, October 2008 
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I N T R O D U C T I O N  

Wetlands are dynamic systems and regenerate a succession of vegetation communities from seed and rhizome 

banks following inundation. While high covers of wetland vegetation have been regularly recorded in two of the 

eleven wetlands1 monitored through The Living Murray (TLM) program in Gunbower Forest, records of aquatic 

flora have been limited in the nine other monitored wetlands over the last decade (Bennetts, 2021a). However, 

over the past few years, high covers and richness of aquatic flora have also been observed in some of the 

exclusion cages designed to limit large carp and other aquatic and terrestrial grazers, including at two sites 

usually recording low cover (Bennetts, 2021b). This suggests that physical disturbance is one factor negatively 

affecting wetland flora establishment. 

 

It is also possible that the limited expression of aquatic flora at some sites is due to a depleted seedbank, as 

observed in other Riverine wetlands (see Nicol and Frahn, 2019). However, the 11 Gunbower Forest wetlands 

have been delivered an adequate inundation regime since environmental water delivery commenced in 2004 

and Nielsen et.al. (2014) previously recorded a diversity and abundance of seeds in three of the monitored sites2. 

The current project proposes to expand the understanding of the seedbanks of Gunbower wetlands and assess 

whether all 11 monitored wetlands support a viable seedbank.  

 

P r i m a r y  A i m s  

- To investigate whether a viable seedbank of aquatic flora (submerged and floating species) is 

present in the 16 study sites (across 11 wetlands). 

- To investigate whether the aquatic flora seedbanks from the 16 study sites are similar to each other 

in composition and numbers of germinants. 

- To identify the wetlands with the highest diversity of aquatic species germinants. 

- To record the inundation duration and water quality/environment/temperature requirements for 

germinating species. 

 

The current project has been undertaken by Kate Bennetts (Fire Flood & Flora) in partnership with Dr Lien Sim 

and Damien Cook (Wetland Revival Trust). Mr Cook collected the wetland sediment samples, established the 

aquatic experimental conditions and recorded aquatic germinants as they emerged. The methods applied were 

based on experimental design developed by Dr Sim in response to project requirements and a review of 

Australian seedbank studies (see Appendix 1). The germination results are detailed and discussed in the current 

report. 

  

 
1 Reedy Lagoon and Football Grounds have repeatedly regenerated a diversity of wetland flora between 2005-2021. 
2 Reedy Lagoon, Green Swamp and Charcoal Lagoon. 
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Green Swamp sediment sample site, September 2021 
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M E T H O D S  

The following section outlines the methods used in the current study. Study site location, sediment sample 

collection methods and experimental conditions are detailed, along with an account of the analyses undertaken. 

Assessment of the optimal number of sediment samples per site is also detailed in Appendix 3. 

 

S t u d y  s i t e  L o c a t i o n s  

The 16 study sites were distributed across 11 wetlands in Gunbower Forest (details in Appendix 2). The study 

sites were located along the 15 wetland transects monitored in the TLM program3, for which a range of floristic 

and hydrological data have been collected between 2005 and 2021 (see Bennetts, 2021). 

 

The wetlands are located in the northwest of the forest and become hydrologically connected when inundated. 

The wetlands include low lying tree-less and treed areas, as well as a range of paleo-channels. Consequently, 

they reflect a range of bathymetries and hydrological regimes. 

 

S e d i m e n t  S a m p l i n g   

- Eight equal-volumed samples were collected from the 16 sites, four from each side of each TLM wetland 

transect between bench tree A and B (Appendix 2). 

- The sample area included the lowest point along the wetland transect, where submerged and aquatic 

flora were likely to grow.  

- Samples were spaced 2 m or more apart, where possible. 

- Sediment samples were taken to a depth of 5 cm.  

- The eight site sub-samples were combined into one container and labelled with site name, sample code 

and date.  

- Each study site was photographed. 

- The colour of the sediment, vegetated cover of the study site, the hydrological state of the wetland and 

other relevant observations were recorded. 

 

S e d i m e n t  P r e p a r a t i o n  

- The 16 sediment samples were air dried until there were no visible signs of moisture and the weight 

remained unchanged for 2 consecutive days.  

- The final dry weight was recorded to nearest gram. 

- Once dried, bulked sediment samples were thoroughly mixed and divided into 5 replicate samples per 

wetland. The bulking and mixing of samples was intended to reduce the variability between replicates 

within each study site.  

 
3 Two study sites were located along the Green Swamp TLM wetland monitoring transect, to capture both the deeper lagoon 
and shallow bench included in the TLM monitoring transect. 
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- Total sediment samples = 80 (not including controls). 

- Each of the 80 dried sediment samples was placed in a separate  water-tight, clear plastic container.  

- To evaluate the potential of local seed input and substrate contamination, 5 blanks (individual 

containers with just potting mix, i.e. no seed added) were randomly placed amongst the samples.  

- Each of the 85 containers were clearly labelled, such that the labels could be identified in photo 

monitoring.  

- The location of the samples was randomised within the experimental area, so that all samples from one 

study site were not grouped together and were subject to a variation of light and ambient conditions. 

 

A q u a t i c  E x p e r i m e n t  C o n d i t i o n s   

- Inundation of samples commenced on the 7 December 2020.4  

- The samples were continuously inundated inside the containers to a depth of 20 cm (from the soil 

surface) for  131 days. They were topped up with rainwater (roof runoff water stored in a water tank) 

when the water level dropped because of evaporation. 

- The impact of wildlife interfering with the experiment samples was monitored. Had such occurred, 

samples would have been netted.  

- The samples were subjected to ambient climatic conditions (e.g. located outdoors). 

 

D a t a  C o l l e c t i o n  

Data was collected on six occasions over 131 days, starting with day zero, 7 December 2020, and ending on the 

18 April 2021.  

 

Water  Qual i ty  

- Water quality (e.g. colour, temperature, pH, salinity, turbidity, algal presence, etc.) was recorded in 

each container once wetland sediments had settled on day zero and at each subsequent sampling 

event.  

Seedl ing Emergence  Assessment  

- The samples were photographed (including multiple containers that are clearly labelled) on day zero 

and at each subsequent sampling event.  

- The number of individual germinants for each species was recorded per sample on each sampling event 

after day zero.  

- Germinants not yet identifiable were marked by toothpick until they displayed species characteristic 

features (to allow losses to be recorded).  

- Germinants identified to species were removed to allow additional germinants to emerge uninhibited.  

 
4 Inundation of samples was originally planned for early spring, in line with the inundation of natural wetlands, however, the 
project was held up by external factors. 
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D a t a  A n a l y s i s  

A total of 510 observations were made during the germination experiment; comprising 5 replicates for each 17 

samples (including controls), each sampled on six occasions. For the purposes of the exploratory data analyses, 

species abundance data were summed across replicates, and water quality data were averaged across replicates.  

 

Flora species were classified into Plant Functional Groups (PFGs), based on the system developed by Brock and 

Casanova (1997). The system groups species in reference to their responses to inundation and drying (Appendix 

4). 

 

Plots were generated in the open-source statistical package R (version 4.0.0, R Core Team 2020), using the 

interface RStudio (version 1.2.5042, RStudio 2020). The package vegan was used for multivariate analyses 

(ordination), and the package ggplot2 for the visualisation of results. 

 

Non-metric Multi-Dimensional Scaling 

Non-metric Multi-Dimensional Scaling (NMDS) analysis (a form of ordination) was undertaken to recognise and 

interpret patterns in the position of points (site/dates) and to identify any underlying ecological gradients. For 

the current study, each ‘point’ is a different study site/date. Samples from the same site appear multiple times, 

due to the multiple sampling dates on which germinants were recorded. NMDS attempts to represent, as closely 

as possible, the pairwise dissimilarity between points in a low-dimensional space. Points that are more similar 

to one another are ordinated closer together. The axes are arbitrary as is the orientation of the plot. 

 

Species abundance data were pooled across replicates to produce a species by point matrix. NMDS was run after 

calculating relative abundance. The analysis included 59 samples (study sites/dates) after an additional 43 

samples (study sites/dates) containing no species data were removed prior to analysis.  

 

The ordination ‘stress’ value represents the disagreement between the 2-D configuration of points and the 

predicted values from the regression, once a solution has been reached. The following rules of thumb are often 

used to evaluate the stress value for the NMDS derived after 100 iterations. 

• Higher than 0.2 is poor (risks for false interpretation). 

• 0.2 is fair (some distances can be misleading for interpretation). 

• 0.05 - 0.1 is good (can be confident in inferences from plot). 

• Less than 0.05 is excellent. 

 

Stress for the germination study ordination fit was 0.078, which indicates that we can be confident in our 

inferences from the 2D plot.  
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Germination in Iron Punt, Little Gunbower Creek and Reedy Lagoon containers, day 131 (18 April 2021)  
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R E S U L T S  

A total of 1,702 seedlings from 18 species germinated in the experiment between 7 December 2020 and 18 

April 2021. An abundance of between 16 and 258 seedlings germinated from each of the 16 study sites. No 

species germinated in the control samples. The following section presents the results including germinant 

richness, abundance and composition for the 11 wetlands (16 study sites). 

 

R i c h n e s s  

Richness of plant functional group species 

The list of 18 species that germinated from the wetland sediment samples included two free-floating species, 

two unattached submerged species and seven attached aquatic species (Table 2). Seven species more commonly 

observed after flood recession5 also germinated during the experiment, even though the sediments were 

flooded continuously during the experiment and one species was exotic, the Jointed Rush (Juncus articulatus), 

(Table 2).  

 

All species have been recorded previously, in varying combinations, across the 11 wetlands between 2005 and 

2021 (Appendix 4). Four species, however, germinated in sediment from wetlands at which those species haven’t 

previously been recorded. 

 

Table 1 Gunbower Forest flora species, by Plant Functional Group, that germinated in the experiment, 2020-2021 

Plant Functional Group6 Scientific Name Common Name 

Aquatic (PFG 1) 
Free-floating  

Azolla rubra Pacific Azolla 

Spirodela punctata Landoltia 

Aquatic (PFG 1) 
Submerged 

Chara spp. Chara 

Utricularia australis Yellow Bladderwort 

Aquatic (PFG 3) Callitriche sonderi Matted Water-starwort 

Aquatic (PFG 3) Callitriche umbonata Winged Water-starwort 

Aquatic (PFG 3) Elatine gratioloides Waterwort 

Aquatic (PFG 2) Ludwigia peploides subsp. montevidensis Clove-strip 

Aquatic (PFG 3) Myriophyllum crispatum Upright Water-milfoil 

Aquatic (PFG 3) Myriophyllum papillosum Robust Water-milfoil 

Aquatic (PFG 2) Nymphoides crenata Wavy Marshwort 

Mudflat (PFG 4b) Centipeda cunninghamii Common Sneezeweed 

Mudflat (PFG 4b) Centipeda minima subsp. minima s.s. Spreading Sneezeweed 

Mudflat (PFG 4b) Damasonium minus Star Fruit 

Mudflat (PFG 4a) Eleocharis acuta Common Spike-sedge 

 
5 Mudflat, emergent amphibious and damp condition terrestrial species 
6 See Appendix 4 
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Plant Functional Group6 Scientific Name Common Name 

Mudflat (PFG 4a) *Juncus articulatus Jointed Rush 

Emergent (PFG 5) Typha spp. Bulrush 

Damp terrestrial (PFG 6) Lythrum hyssopifolia Small Loosestrife 

*exotic 

 

Richness by wetland 

When species richness was summarised by wetland, four of the 11 wetlands recorded an equal highest number 

of species (nine at Black Swamp, Little Gunbower Complex, Little Reedy Lagoon and Reedy Lagoon, Table 3). 

Sediment samples from Iron Punt Lagoon germinated the lowest number of species (four, Table 3). When 

summarised by study site, the deeper samples from Little Reedy Lagoon (LR1) germinated the highest study site 

richness with eight species (Appendix 5). 

 

Table 2 Total species richness of germinants by wetland over the germination experiment.  

Wetland Site codes Study sites Total species richness 

Control - - 0 

Iron Punt Lagoon IPL 1 4 

Corduroy Swamp COS 1 5 

Charcoal Swamp  CS 1 5 

Football Grounds FB 1 5 

Little Gunbower Creek LG1 1 5 

Little Gunbower Complex LG2 2 6 

Long Lagoon LL 1 7 

Green Swamp GS1-GS2 2 8 

Black Swamp BS1-BS2 2 9 

Little Reedy Lagoon LRL 2 9 

Reedy Lagoon RL 3 9 

 
Richness overtime 

Germinant species richness increased over time during the 131-day experiment, peaking in early Autumn on day 

100 and then decreasing by the next sample 31 days later (18 April 2021, Figure 1). The observed pattern in 

abundance over time suggests that the experiment captured the peak in germinant richness. 
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Figure 1 Species richness of germinants by wetland study site over time (n = 16, excluding control), 2020-2021 

 

A b u n d a n c e   

The total abundance of germinants varied between study sites (Figure 2). Sediment collected from Little Reedy 

Lagoon (LRL) produced the highest number of germinants (258). Over 230 germinants were also recorded in 

sediment from Corduroy Swamp (COS, 232), Little Gunbower Complex (LG2, 231) and Long Lagoon (LL, 241). The 

lowest number of germinants was recorded from the Little Gunbower Creek sediment (LG1, 16). 

 

The abundance of germinants in wetlands with multiple study sites were comparable for some but not all 

wetlands (Figure 2). For example, the abundance of germinants recorded in the sediment from three Reedy 

Lagoon study sites (RL1, RL2 and RL3) were relatively similar, as was also the case with the two Black Swamp 

sites (BLS1 and BLS2). However, there were nearly twice the number of germinants in the deeper Little Reedy 

Lagoon (LR1) sediments than those collected in the shallow end of the lagoon (LR2). The reverse was true for 

Green Swamp, where nearly twice the number of seedlings germinated from the shallow GS2 sediments as from 

the deeper GS1 lagoon sediment7.  

 

 

 
7 The northern section of the Green Swamp transect runs through a shallow bench with tree cover, the southern section 
includes the deep, tree-less paleochannel area of lagoon. 
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Figure 2 Abundance of aquatic germinants of different species emerging from study site (n = 117, including control) 

 

Abundant Species 

Five species germinated more profusely than the remaining 13 species (Figure 2). The aquatic Waterwort (Elatine 

gratioloides) was the most abundant, accounting for 34% of all germinants, and was recorded from all wetland 

samples. Other locally abundant species included the floating Landoltia (Spirodela punctata; Corduroy Swamp, 

COS, and Iron Punt, IPL, samples), the Matted Water-starwort (Callitriche sonderi; Long Lagoon, LL and Little 

Gunbower Complex, LG2 samples), and the two mudflat species – Common Sneezeweed (Centipedia 

cunninghamii; Charcoal Swamp, CS) and the Spreading Sneezeweed (Centipedia minima ssp. minima; Long 

Lagoon and Little Reedy Lagoon, LR1)). 

 

Abundance of Plant Functional Groups within and between Wetlands  

The abundance of germinants within Plant Functional Groups varied between wetlands (Figure 3). Relatively 

high numbers of aquatic species germinated in Little Gunbower Complex, Long Lagoon and Corduroy Swamp 

samples. Floating species germinated in abundance (>80%) in the Corduroy Swamp and Iron Punt samples. 

Mudflat species also germinated in all wetland samples (except Corduroy Swamp), and were most abundant in 

the Charcoal Swamp, Football Grounds and Long Lagoon samples. 

 

Juncus articulatus 
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Figure 3 Abundance of aquatic germinants by Plant Functional Group from wetland (n = 11) sampled over time 

Note, data in Figure 3 represents average values for wetlands with multiple study sites. 

 

Abundance Over Time 

The abundance of germinants increased across the experimental period, peaking on day 100 (17 March 2021) 

and then decreasing slightly by day 131 (18 April 2021, Figure 4). This suggests that the experiment captured the 

peak germination abundance. Floating and aquatic species were abundant across all 2021 sample events, while 

mudflat species were most abundant in the March sample. 

 

 

Figure 4 Total abundance of aquatic species germinants by Plant Functional Group that emerged from site samples over time 
(n = 85), 2020-2021 
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C o m p o s i t i o n   

Non-metric Multi-Dimensional Scaling ordination was undertaken to highlight compositional patterns in the 

germinant data and explore any underlying ecological gradients. Closely positioned points are more 

compositionally similar than widely spaced points. The results have been colour coded by wetland or sampling 

event (Figure 5). 

 

The relative position of most wetland points overlapped on the ordination plot (Figure 5). This suggests some 

similarity in species composition within the different wetland sites. However, the points from Corduroy Swamp 

(COS), Long Lagoon (LL), Little Gunbower Creek (LG1) and Iron Punt Lagoon (IPL) were somewhat separate from 

the other wetland points, indicating that species compositions of germinants recorded from these samples were 

different to those recorded from other wetland sediments. There was also dissimilarity between the 

compositions of samples from the same wetland at different times of the study (i.e. widely spaced points), most 

notably within Corduroy Swamp and Long Lagoon.  

 

(a)

 (b)  
Figure 5 Non-Metric Multi-Dimensional Scaling plot depicting Bray-Curtis dissimilarity between samples (sediment samples 
on different sampling dates) of aquatic species germinants. Plot is coded by study site; (a) sites only, (b) sites and convex hulls 
(envelope containing the points from each group in multi-dimensional space)8. 

 

There was significant overlap in species composition between samples recorded after 35 or more days 

inundation (Figure 6), although later in the experiment, the composition of samples became more similar, with 

less spread between points after 100 days inundation, and even less after 131 days. The general overlap suggests 

that samples, from all time periods, shared some similarities in species composition.  

 

 
8 Convex hulls connect the points made by these communities on the plot. This can help with visualising how communities 
and species may cluster based on categories. 
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(a) 

 

(b) 

 
Figure 6 Non-Metric Multi-Dimensional Scaling plot depicting Bray-Curtis dissimilarity between samples (sediment samples 
on different sampling dates) of aquatic species germinants. Plot is coded by sampling occasion (number of days after 
inundation); (a) sites only, (b) sites and convex hulls (envelope containing the points from each group in multi-dimensional 
space). 

 

Associations between patterns in the compositional data relative to water quality variables were also 

investigated with ordinations. There were, however, no indications of strong relationships between aquatic 

species composition and water temperature, pH, salinity or turbidity at the time of sampling (Appendix 5).  

 

T e m p o r a l  C h a n g e  

Thirteen of the 18 plant species germinated four or more individuals over the sample period. The timing of 

germination periods for each species can be approximated based on the six sampling occasions (Figure 7). Figure 

7 does not include germination timing data for the five species that produced less than three germinants (i.e. 

the emergent, damp terrestrial, two submerged species and the exotic mudflat species (Joint-leaf Rush (Juncus 

articulatus)). 

 

Different groups of species emerged over the 131 days. The first species to germinate were Waterwort (Elatine 

gratioloides) and Clove-strip (Ludwigia peploides), recorded after 21 days of inundation (28 December 2020, 

Figure 7). Other Summer (i.e. December – January) germinating species included Landoltia (Spirodela punctata) 

and Matted Water-starwort (Callitriche sonderi). The Autumn (i.e. March – April) germinating species were Star 

Fruit (Damasonium minima), Common Spike-sedge (Eleocharis acuta), Robust Water-milfoil (Myriophyllum 

papillosum), Wavy Marshwort (Nymphoides crenata), Pacific Azolla (Azolla rubra) and Winged Water-starwort 

(Callitriche umbonata).  

 

Seasonal conditions are likely to influence the timing of species germination along with  the length of inundation. 

Most summer germinating species emerged after 35 days of inundation, whereas the Autumn germinating 
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species emerged after 100 days of inundation. It is possible that some of the later emerging species required 

longer periods of inundation to trigger germination.  

 

 

Figure 7 Segment plot depicting approximate emergence dates of aquatic species germinants across the length of the 
germination experiment (pooled across wetlands). Dates of emergence are restricted to the six recorded sampling dates. 
Samples with no germinants and species with only one record have been omitted. 

 

Timing of emergence was very similar across the 16 study sites (Figure 8); the main exception being samples 

from the shallow sites in Reedy Lagoon (RL2 and RL3), from which no seedlings emerged until 17 March 2021 

(Day 100). Seedlings were also late to germinate in the Black Swamp (BS1) and Little Gunbower Creek (LG1) 

sediments, and these had just one species each in February. Once germination had commenced, new seedlings 

continued to appear in the study site sediment through to the end of the experiment. 

 

 

Figure 8 Segment plot depicting approximate emergence dates of aquatic species germinants across the length of the 
germination experiment by study site (pooled across species). Dates of emergence are restricted to the six recorded sampling 
dates. Samples with no germinants and species with only one record have been omitted. 
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Green Swamp bench (GS2) sediment sample site, September 2020 
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D I S C U S S I O N  &  C O N C L U S I O N  

 

Wetland and floodplain seedbanks along the Murray River range from depauperate to diverse (see Nielsen et.al., 

20214 and Nicol and Frahn, 2019). Nielsen et.al. documented evidence suggesting that three wetlands in 

Gunbower Forests supported a diverse seedbank in 2014. The current germination experiment run over the 

2020-2021 Summer-Autumn provides further evidence of a viable seedbank in these and an additional eight 

wetlands in Gunbower Forest.  

 

Each wetland was found to support a somewhat distinct composition of germinating flora. For example, the 

Little Gunbower Complex sediment germinated both a high richness and abundance of seedlings. A high number 

of species also germinated in the Reedy Lagoon sediment, but later than the other wetlands sites (e.g. Autumn 

2021). High seedling abundances were recorded from Corduroy Swamp and Long Lagoon sediment, for which 

there was also evidence to suggest that they supported unique species compositions. The composition of flora 

germinating in the Little Gunbower Creek and Iron Punt Lagoon sediment also differed from the composition 

observed in the other wetlands. Inter-site variation observed is likely, in part, to be explained by the range in 

bathymetry, hydrology, history and biology represented across the wetland sites.  

 

Species-specific germination patterns may also explain some of the compositional variation. Species varied as to 

which wetland sediments they germinated from, how many individuals germinated and the timing of their 

germination. Some species germinated an abundance of seedings, while others only produced one or two 

seedlings. Floating and aquatic species were abundant across all sample events, albeit not in all wetland samples. 

Mudflat species were more abundant in the second half of the experiment. In addition, some species started 

germinating in Summer, after only 21 days of inundation, while others didn’t emerge until Autumn, after a longer 

inundation period (i.e. 100-131 days).  

 

It is likely that the 1,702 seedlings that germinated during the 131-day experiment represent only a fraction of 

the viable seedbank present in the sampled sediments. Brock (2011) germinated successive batches of seedlings 

from wetland samples without any seed replenishment. In addition to greater numbers of seedlings, it is likely 

that different compositions of flora would emerge at different points in time and under different conditions. 

There is a range of wetland species that have been recorded in the wetland sites over the last 17 years that did 

not germinate in the current experiment, including the aquatic Eel-grass (Vallisneria australis), Water Nymph 

(Najas tenuifolia) and Blunt Pondweed (Potamogeton ochreatus). It is also possible that the germination 

containers did not provide suitable environmental conditions. 

 

The current study provides evidence to suggest that the 11 wetlands support a viable seedbank that includes a 

rich and abundant inundation-dependent flora. The success of this experiment is due in part to the seedbank 

characteristics and in part to the experimental conditions. While the germination nursery and Gunbower Forest’s 
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wetlands are likely to have experienced similar climatic conditions, the nursery was carp-free, excluded most 

fauna and water levels were regularly topped up. It is therefore possible that one or more of these factors are 

negatively influencing wetland flora regeneration in the forest. Other factors, not observed during the 

experiment that are known to indirectly impact on aquatic flora include algal and cyano-bacterial blooms 

(Baldwin, 2021) and sedimentation (Nielsen et.al. 2014). 

 

R e c o m m e n d a t i o n s  

Investigate other potential causes for low regeneration of wetland flora in Gunbower Forest, including: 

 

- Water quality and biology - Undertake regular water monitoring at sites that reflect a range of water 

quality conditions in the wetlands in Gunbower Forest. For example, clear-water (e.g. Reedy Lagoon), 

black-tinted water (e.g. Black Swamp (south), Charcoal Swamp and Iron Punt Lagoon), yellow-green-

brown water (e.g. Green Swamp, Little Gunbower Complex and Little Reedy Lagoon). 

 

- Grazing - Erect additional exclosures to restrict access by carp and other aquatic and terrestrial grazers 

in a range of wetlands. Prioritise wetlands that germinated a high richness and/or abundance of 

seedlings (e.g. Black Swamp, Corduroy Swamp, Little Gunbower Complex, Little Reedy Lagoon and Long 

Lagoon). Make the enclosures as large as practical. Monitor wetland vegetation regeneration within 

the exclosures.   
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Reedy Lagoon, March 2021  
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A P P E N D I X  O N E  

 

Experimental Design 

 

Related Seedbank Studies 

The experimental design applied in the current seedbank project was informed by three key Australian wetland seedbanks studies, by Brock (2011), Nielsen et. al. (2014) and 

Nicol & Frahn (2019). The following section provides a brief account of the studies as relevant to the current design.  

 

Table B Comparison of methods used in previous Australian wetland seedbank studies 

Aspect of study Nicol and Frahn (2019) Nielsen et. al. (2014) Brock (2011) 

Number of samples from each 

wetland 
4 reps - 4 locations x 3 water depths 

Sediment at each of (2.5, 5, 7.5 and 10 cm depths) - derived from 

20 cores per wetland. Subsequently divided into 8 replicates per 

wetland (4 reps submerged, 4 reps damp) 

6 replicates per site 

Location of samples for aquatic 

species 

10, 30 and 60 cm below normal pool 

level 

equally spaced along transects leading from high water mark to 

middle of wetland 
8 cores each 5 cm (0.050 m) diameter 

Depth of samples 5 cm 
10 cm - divided into 4 depths  

(2.5, 5, 7.5 and 10 cm) 
2.5 cm (0.025 m) 

Drying of samples  
40 deg C (unspecified time but to a 

constant weight) 
Not stated Air dried sediment 

Weighing - on what and to what 

precision? 
Not specified Not stated No 

Pots used 
20 cm potting bags  

(diameter not stated) 
10 cm diameter, 6 cm deep 15 x 10 cm (0.15 x 0.1 m) trays 
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Aspect of study Nicol and Frahn (2019) Nielsen et. al. (2014) Brock (2011) 

Potting medium used 
80:20 sandy loam  

(80% sand, 20% clay) 

Sand to depth of 4 cm under approx.. 2 cm (known weight) 

wetland sediment 
No potting medium - sediment only 

Tanks/tubs used? Not stated Tanks Tank - single tank for all replicates 

Multiple samples per tank/tub? 

Not explicit but looks like 1 rep tub 

for submerged and 1 rep tub for 

damp 

Yes Yes 

Treatment for submerged plants 
Continuously submerged to depth of 

20 cm from soil surface 
Water depth >10 cm Damp rather than submerged 

Length of inundation 18 weeks 12 weeks 
8 weeks (noted that some taxa may 

take longer than this to germinate) 

Controls used 
Yes 

10 blanks containing only sandy loam 

Yes  

1 per tank 
No 

Frequency of checking Regular intervals End of study 
Identified and removed before they 

could add new seed 

Germinants removed? Yes - once identifiable Not stated Yes 

Length of study 18 weeks 12 weeks 8 weeks 

Species richness recorded Yes Yes, pooled across replicates Yes 

Seed density recorded Yes Abundance for damp treatment only 
No  

(but number of individuals recorded) 
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Inter-Site Variability in previous studies 

None of these previous studies have provided a complete basis for assessing the likely variability between 

samples for the Gunbower wetlands. Brock (2011) was focused on seedbank germination of wetlands of the 

New England Tableland and was used as a reference for seedbank germination methods rather than levels of 

variability between samples. 

 

Nielsen et. al. (2014) assessed seedbank germination at three Gunbower wetlands; Reedy Lagoon, Green Swamp 

and Charcoal Lagoon, and (similarly to the intended method for the current study) combined and re-divided 

samples from the same sediment depth at each wetland, to minimise variability between replicates. No measure 

of the variability in numbers of germinating submerged species is given in the report, with totals and means only 

presented.  

 

Nicol and Frahn (2019) assessed seedbank germination at a range of managed and unmanaged lower River 

Murray wetlands. In this case, samples were not combined and mixed, so a high level of between-sample 

variability is to be expected. Variation between wetlands in richness and abundance of germinating species was 

very high, with richness ranging from 0 to 13 native wetland species (no distinction was made in the results 

between submerged and damp species). Counts of seed densities were not restricted to viable seeds.  
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A P P E N D I X  T W O  

Table A. Location of sediment collection sites (between bench trees A-B), Gunbower Forest. 

Wetland Name Study site Bench Tree  Latitude Longitude 

Black Swamp BLS1 A -35.7223666 144.1832141 

  B -35.7225688 144.1829969 

 BLS2 A -35.7128065 144.1871755 

  B -35.7137288 144.1857617 

Corduroy Swamp COS1 A -35.7605971 144.2658728 

  B -35.7605371 144.2668037 

Charcoal Swamp CS1 A -35.7586954 144.2742091 

  B -35.7582023 144.2751216 

Football Grounds FB1 A -35.6882754 144.1857176 

  B -35.6884102 144.1864752 

Green Swamp 
GS1  

and GS2 
A -35.7580367 144.246101 

  B -35.7576413 144.2465458 

Iron Punt Lagoon IPL1 A -35.7108842 144.2048472 

  B -35.7111032 144.2045744 

Little Gunbower Creek LG1 A -35.6964822 144.1755514 

  B -35.6968163 144.1751971 

Little Gunbower Complex LG2 A -35.7027474 144.1879159 

  B -35.7032308 144.1866172 

Long Lagoon LL1 A -35.6965276 144.2033378 

  B -35.6968204 144.202753 

Little Reedy Lagoon LR1 A -35.7647867 144.2622459 

  B -35.7638861 144.2626749 

 LR2 A -35.7678678 144.2669398 

  B -35.7682089 144.2684654 

Reedy Lagoon RL1 A -35.7270699 144.2082717 

  B -35.7273147 144.2071688 

 RL2 A -35.7217958 144.202388 

  B -35.7229768 144.2020151 

 RL3 A -35.7289161 144.1962031 

  B -35.7289429 144.1977386 
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A P P E N D I X  T H R E E  

 

Sample Size 

In order to make an assessment of the optimal number of sediment samples per site that could be used to detect 

differences between study sites in terms of richness and abundance of aquatic species germinants, a review of 

relevant studies on Australian wetland seedbanks by Brock (2011), Nielsen et. al. (2014) and Nicol & Frahn (2019) 

was undertaken (Appendix 1) and a power analysis was used.  

 

Assumptions made in the current study, included: 

Significance level = P(Type I error) = probability of finding an effect that is not there = 0.05 

Power = 1 - P(Type II error) = probability of finding an effect that is there Power = 0.80 

Number of groups (study sites) = 15 

 

The rules of thumb for effect sizes applied in the linear models were: 

- Small effect = 0.02;  

- Medium effect = 0.15; and  

- Large effect = 0.35. 

 

The calculations using a range of effect sizes indicated that a sample size of five replicates per study site would 

be able to detect a medium-large effect of sample on richness or abundance of germinants (Table 1). 

 

Table 3 Estimated sample sizes for each effect size, based on power analyses for linear models with P = 0.05, Power = 0.80 
and 15 sites. 

Effect size Estimated sample size 

0.15 8.97 

0.20 6.93 

0.25 5.73 

0.30 4.92 
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A P P E N D I X  F O U R  

 

PFG 
Code 

Plant Group PFG Name Description 

1 

Free-floating flora / 

Submerged flora 

Floating Aquatic Flora 

S - Submerged (includes strictly aquatic floaters). Adult 
plants do not survive prolonged exposure of the wetland 
substrate (drying) and lack perpetuating rootstocks. Seed 
or spores may persist in soil during dry times. 

2 Aquatic flora 
Floating Amphibious 
Flora 

ARf - Amphibious Fluctuation - Responders Floating. 
Amphibious species that produce floating foliage when 
inundation. Aerial parts of plants survive exposure of the 
wetland substrate (drying) for sustained periods of time. 
Plants survive drying by dying back to rootstocks. 

3 Aquatic flora 
Adaptive Amphibious 
Flora  

ARp - Amphibious Fluctuation - Responders Plastic. 
Amphibious species that altered their growth pattern or 
morphology in response to water conditions. Can actively 
grow when substrate exposed but still moist, but may die 
back to rootstocks or seed during sustained dry periods. 

4a Mudflat flora Perennial Mudflat Flora 

ATl - Amphibious Fluctuation - Tolerators Low Growing. 
Perennial amphibious species that tolerate changes in 
water conditions and maintain same general growth form 
during brief periods of inundation, but may die back to 
rootstocks if unable to develop emergent growth during 
sustained inundation.  

4b Mudflat flora Annual Mudflat Flora 

ATl - Amphibious Fluctuation - Tolerators Low Growing. 
Annual (or functionally so) amphibious species that may 
tolerate very brief periods of shallow flooding during 
growth phase, but essentially short-lived plants which 
germinate following flood water recession and produce 
inundation-tolerant seed during the drying phase. 

5 
Emergent Amphibious 
Flora 

Emergent Amphibious 
Flora 

ATe - Amphibious Fluctuation - Tolerators Emergent. 
Amphibious flora that tolerate changes in water 
conditions, typically with emergent habit. Rootstocks 
tolerant of shallow inundation but plant intolerant of 
sustained total immersion. Recruitment and/or long-term 
maintenance of populations are generally dependant on 
at least occasional inundation events.  

6 Terrestrial Damp Terrestrial Damp 

Tda - Terrestrial Damp. Rootstocks intolerant of more 
than superficial inundation, but occurring in areas of good 
soil moisture conditions which may be influenced by 
proximity to river and water seepage through soil. 

7 Terrestrial Dry Terrestrial Dry 
Tdr - Terrestrial Dry. Dry-land plants (i.e. flood intolerant 
and going through life cycles independently of flooding 
regime) 
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Germinating Flora Species  

(Highlight in light blue if previously recorded at the wetland, and dark blue if it’s a new record for the wetland) 

Plant Functional 
Group (PFG No.) 

Germinating species 
Black 

Swamp 

Little 
Gunbower 
Complex 

Little 
Gunbower 

Creek 

Long 
Lagoon 

Iron Punt 
Lagoon 

Football 
Grounds 

Charcoal 
Swamp 

Corduroy 
Swamp 

Green 
Swamp 

Little 
Reedy 
Lagoon 

Reedy 
Lagoon 

Aquatic flora - 
Floating (PFG 1) 

Azolla rubra TLM TLM TLM TLM TLM + G TLM TLM TLM TLM TLM TLM + G 

Spirodela punctata TLM + G TLM + G TLM TLM TLM + G TLM + G  G TLM + G TLM + G TLM + G 

Aquatic flora - 
Submerged 
(PFG 1) 

CHARACEAE spp. TLM TLM TLM + G TLM  TLM  TLM TLM TLM TLM 

Utricularia australis TLM TLM TLM TLM       TLM + G 

Aquatic flora  
(PFG 2) 

Ludwigia peploides 
subsp. montevidensis 

TLM TLM TLM TLM + G TLM TLM TLM TLM + G TLM TLM TLM 

Nymphoides crenata TLM + G TLM  TLM + G     TLM + G TLM TLM 

Aquatic flora  
(PFG 3)  

Callitriche sonderi TLM + G TLM + G  TLM + G TLM TLM TLM + G TLM TLM TLM + G TLM + G 

Callitriche umbonata         G TLM + G  

Elatine gratioloides TLM + G TLM + G TLM + G TLM + G G TLM + G G TLM + G TLM + G TLM + G TLM + G 

Myriophyllum crispatum TLM  TLM   TLM TLM TLM + G TLM + G TLM + G TLM + G 

Myriophyllum papillosum TLM + G TLM + G TLM TLM  TLM + G TLM TLM + G TLM + G TLM + G TLM + G 

Mudflat flora -
Perennial  
(PFG 4a) 

Eleocharis acuta TLM + G TLM + G TLM + G TLM + G TLM TLM TLM + G TLM TLM TLM + G TLM 

Juncus articulatus  TLM     G      

Mudflat flora -
Annual (PFG 4b) 

Centipeda cunninghamii TLM + G TLM TLM + G TLM + G TLM + G TLM + G TLM + G TLM TLM + G TLM TLM + G 

Centipeda minima subsp. 
minima s.s. 

TLM + G TLM TLM TLM + G TLM TLM TLM + G TLM TLM + G TLM + G TLM 

Damasonium minus TLM + G TLM + G TLM TLM TLM TLM TLM TLM TLM TLM TLM + G 

Emergent 
amphibious 
(PFG 5) 

Typha spp. TLM TLM TLM + G   TLM  TLM  TLM TLM 

Damp terrestrial 
(PFG 6) 

Lythrum hyssopifolia TLM TLM    TLM TLM TLM TLM TLM + G  

 
TLM = The Living Murray wetland condition monitoring record (2005-2021) 
G = Germination experiment (2021)
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A P P E N D I X  F I V E  

 

Richness 

 
Figure 9Total species richness of aquatic germinants emerging from different wetland sediments (by study site) over the 
period of the germination trial 
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Wetland Flora Composition, coded by water variables measured 

(a) 

 

(b) 

 
(c) 

 

(d) 

 
Figure 10 Non-Metric Multi-Dimensional Scaling plot depicting Bray-Curtis dissimilarity between samples (sediment samples 
on different sampling dates) of aquatic species germinants. The increasing size of the bubbles indicates increasing: (a) water 
temperature, (b) water pH, (c) water salinity, (d) water turbidity, and the colours indicate samples from different wetlands. 

 


