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Executive Summary 
In arid and semi-arid river systems, patterns in the spatial and temporal distribution of water are a key 

driver for the diversity, distribution and abundance of native riverine, floodplain and wetland 

vegetation. Since the 1920s, the River Murray has become highly regulated with a series of locks and 

weirs transforming kilometres of free-flowing river into a series of contiguous weir pools. Changes to 

flow regimes associated with weir pools include reductions in flow regime variability, decreased flood 

frequency and seasonal redistribution of flows. 

The Mallee Catchment Management Authority engaged Ecology Australia to conduct a study 

investigating how riparian understorey vegetation responds to varying inundation levels as a result of 

weir pool manipulations within main river channels and associated creek channels at the Lindsay-

Mulcra-Wallpolla (LMW) Icon Site. The LMW Icon Site is one of six icon sites identified as part of The 

Living Murray (TLM) program which was launched in response to declining health outcomes in the River 

Murray system (MDBA 2012). This work was implemented as part of The Living Murray intervention 

monitoring program at LMW.  

Six sites were established on each of Lindsay, Mulcra and Wallpolla islands, within the Murray-Sunset 

National Park (three in the main channel of the Murray River, three in connected creeks). Two areas 

influenced by weir pools 7 and 8, which in recent years have been intensively managed as part of the 

Murray–Darling Basin Authority (MDBA) weir pool variability program were selected. In addition, an 

area influenced by weir pool 9, which experiences more stable water levels to act as control sites was 

also selected. Weir pools 7, 8 and 9 correspond to sites at Lindsay, Mulcra and Wallpolla respectively. 

At each site, ten transects were established at fixed elevations from the baseline of each weir pool’s full 

supply level (i.e. 0 m) at -120 cm, -90 cm, -60 cm, -30 cm, 0 cm (FSL), +30 cm, +60 cm, +90 cm, +120 cm 

and +150 cm elevation (Figure 1). Data was collected over two seasons in spring of 2020 and autumn of 

2021. At each elevation transect that was not inundated with water, species composition and various 

ground parameters were measured. Using the point intercept method, every live plant intercepted at 25 

cm intervals along each transect was recorded. In addition, ground parameters including leaf litter, 

coarse woody debris and bare ground were recorded, as were plant and substrate heights.  

Weir pool variability for 2020-21 in weir pools 7, 8 and 9 was relatively contracted compared to the 

range of weir pool manipulations undertaken in previous years; with spring raisings of +10 cm at each 

weir pool, and autumn drawdowns of -50 cm in weir pool 7, -40 cm in weir pool 8 and a minor 

drawdown of -10 cm in weir pool 9. 

Results indicate weir pool 9 consists of a distinctly different riparian vegetation community to weir pools 

7 and 8. Weir pool 9 tended to have greater species richness compared to weir pools 7 and 8, which 

consisted of similar communities. SIMPER analysis showed changes in species composition between 

weir pool 9 and weir pools 7 and 8 were largely attributed to greater abundances of Spring Flat-sedge 

Cyperus gymnocaulos in weir pool 9 compared to weir pools 7 and 8, which tend to be characterised by 

greater abundances of Blue Rod Stemodia florulenta and Southern Liquorice Gylcyrrihiza acanthocarpa. 

In addition, weir pool 9 also had greater richness and cover of exotics, which may be reflective of more 

stable, consistent hydrologic conditions. 

Across the weir pools, no significant differences were found in species composition between habitat 

types (i.e. main channel or creek). However, vegetation responses across elevation gradients were 

highly variable between weir pools and habitats. In the spring surveys, the peak species richness 
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occurred at the lower banks (-30, 0 and +30 cm elevations) for main channel and creek habitats in weir 

pools 9 and 7, whereas peak species richness for weir pool 8 main channel and creek habitats was at the 

mid bank (+60, +90, +120 cm elevations). By autumn, the weir pool 9 main channel sites exhibited a 

distinct shift in patterns of species richness, with peak species richness occurring at the mid bank 

elevations, whereas there was no discernible shift in species richness for weir pools 7 and 8. This shift in 

species richness in weir pool 9 appears to be due to the recruitment of species from the terrestrial dry 

functional group (such as Atriplex leptocarpa, Atriplex lindleyi subsp. inflata, Einadia nutans and 

Enchylaena tomentosa var. tomentosa) at mid-upper elevations and a corresponding decrease in the 

presence of emergent, low growing and plastic amphibious fluctuation tolerators, terrestrial damp and 

terrestrial dry at the lower bank elevations. Species intolerant of continuous flooding, such as Acacia 

stenophylla and Eucalyptus camaldulensis, experienced an increase in species richness in weir pool 7 

main channel and creek habitats, and main channel sites within weir pools 8 and 9 but decreased in 

corresponding creek sites. 

Minimal differences in riparian and littoral vegetation communities were found between seasons, 

however the riparian/littoral vegetation communities in weir pool 9 were distinctly different to those in 

weir pools 7 and 8, which shared many similarities in species richness and composition. The minor 

changes in vegetation between seasons may be associated with the relatively minor weir pool 

manipulations recorded during the survey period. However, continued monitoring is needed to increase 

our understanding of how weir pool manipulations are influencing vegetation, particularly when 

studying ecological processes within such a highly variable system. We suggest the following 

management actions to improve our understanding of how vegetation responds to weir pool 

manipulations:    

• Continued monitoring of a broader range and variety of weir pool manipulations, such as weir 

pool raising or drawdown events only, or longer/shorter weir pool raisings and drawdowns to 

enhance our understanding of specific vegetation responses; 

• Comparisons of soil seedbanks between weir pools and habitat types will also help to improve 

our understanding of potential vegetation responses to weir pool management actions; and 

• Integrating vegetation surveys with surveys of other biota (e.g. terrestrial and aquatic 

invertebrates, fish, frogs, reptiles, birds, mammals) or abiotic processes (e.g. water quality, soil 

condition, carbon cycling) to improve our understanding of the functional significance of 

vegetation community differences. 
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1 Introduction 

In arid floodplain river catchments, water regime (timing, duration, frequency, extent and depth of 

inundation) is a key driver of plant community composition and structure (Poff et al. 1997; Capon 2005). 

Vegetation in these environments tends to be highly dynamic, shifting in composition in response to 

often highly variable flooding and drying regimes.  

Prior to river regulation, the Murray River exhibited high levels of hydrological variability, characterised 

by extended periods of drought and large flood events. Extensive regulation along the Murray River has 

involved the establishment of weirs, dams and diversions upstream, which has substantially altered 

water regimes. Since the 1920s, a series of low-level locks and weirs have been constructed along the 

lower Murray to provide stable water levels primarily for irrigation purposes (Walker and Thoms 1993). 

Changes to flow regimes from weir pools include reductions in flow regime variability, decreased flood 

frequency and seasonal redistribution of flows, most obvious near dams, so that peaks now are in 

summer rather than winter and spring.   

River regulation associated with weir pools also reduces connectivity to floodplains, anabranches, 

billabongs and other wetlands. This results in the River Murray being constrained within its channel for 

longer periods, subsequently reducing water supply to associated floodplains, anabranches, billabongs 

and other wetlands, which are especially vulnerable to flow control. This in turn leads to declines in 

riparian vegetation along anabranches and floodplain vegetation condition. 

Reinstating components of the natural variability inherent in unregulated rivers is foundational to river 

restoration. Contemporary approaches to managing existing structures, such as weirs and/or managing 

new infrastructure, will be essential for delivering environmental water allocations to sustain larger 

areas of active riparian and floodplain communities that has not been possible under historical river 

operations (Aldous et al. 2011). A degree of variability in water level, particularly on the upstream side 

of weirs, can be achieved through weir pool manipulation when weirs are operated outside the normal 

operating envelope. Weir pool manipulations include weir pool raising (WPR) and/or weir pool lowering 

(WPL). Weir pool raising/lowering can increase variability in the extent and duration of lateral 

connectivity, between the main river channel and off-channel sites, such as anabranch creeks and 

wetlands with low commence to fill thresholds.  

Water level changes interact with elevation so that habitats further down the elevation gradient tend to 

be wet more frequently and for longer, while habitats further up the elevation gradient are wet less 

frequently and for shorter durations. Increased variability in water levels may lead to increased diversity 

and spatial extent of understorey vegetation by providing increased cycling through the stages of 

inundated-damp-dry regimes within littoral zones. Improvements in riparian tree condition may also 

occur due to improved soil water availability resulting from inundation and lateral freshening of near 

bank groundwater. The duration and frequency of inundation experienced by vegetation will differ with 

position along an elevation gradient. 

Understanding the relationships between inundation regimes, elevation within river channels and 

vegetation assemblages will enable us to predict the vegetation communities that are likely to be 

favoured at varying water levels, thus helping inform management decisions. 
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To determine changes in riparian vegetation communities, we have addressed the following questions: 

1. How does understorey vegetation composition and structure differ between sites (e.g. between 

weir pools, between main river channel and off-channel creek sites) with varying inundation 

levels as a result of weir pool manipulations? 

2. How does vegetation respond to varying water levels at different elevations within river and 

creek channels?   
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2 Methods 

2.1 Study area 

The study area was situated within Murray-Sunset National Park in northwest Victoria, approximately 

570 km from Melbourne (Figure 1). Murray-Sunset National Park is located within the semi-arid Mallee 

region and falls within the Murray Scroll Belt bioregion (MDBA, 2012). Within Murray-Sunset National 

Park, sites were located on Lindsay, Mulcra and Wallpolla Islands (LMW). The LMW islands are 

floodplain anabranch systems of the Murray River, composed of a network of permanent waterways, 

small creeks and ephemeral wetlands (MDBA 2012). The islands are bounded by a series of waterways 

and weir pools. Wallpolla Island is bounded by Wallpolla Creek and weir pool 9; Mulcra Island by the 

Potterwalkagee Creek and the weir pools 7 and 8; and Lindsay Island by the Lindsay River anabranch and 

the weir pools 6 and 7 (MDBA 2012). 

The area has a long history of agricultural land-use, with grazing in LMW dating back to 1848 (Mallee 

CMA, 2014a; Mallee CMA, 2014b). Other agricultural activities historically undertaken in LMW include 

grazing, timber harvesting, apiary and water extraction (Murray-Darling Basin Commission 2006). As of 

2010, all three islands of LMW are classified as national park and are managed by Parks Victoria (MDBA 

2012). LMW is also one of six icon sites identified as part of The Living Murray program, a large-scale 

river restoration program launched in 2002 to combat declining health outcomes in the River Murray 

system (MDBA 2012).  

As a result of regulation, LMW is characterised as having a reduced flow volume, long periods in which 

low flows are frequent and a reduction in flood frequency, duration and size (Walker and Thoms 1993). 

This has led to significant declines in the condition of vegetation communities at LMW necessitating the 

use of emergency environmental watering programs to prevent significant ecosystem degradation 

(Mallee CMA 2014a; Mallee CMA 2014b). In recent years, the water levels in weir pools 7 and 8 have 

been managed to provide more variable water levels, with the aim of achieving a range of ecological 

benefits in the main Murray River channel. Fluctuations in weir pool levels also influence flows in the 

Lindsay River and Potterwalkagee Creek. Spring raising of water levels occurs annually in weir pools 7 

and 8 followed by lowering of the weir pools in autumn. This results in increased flows into the Lindsay 

River from weir pool 8 in spring with flows decreasing or ceasing in the Lindsay in Autumn. Flows in the 

Mullaroo Creek are independent of weir pool 7 levels, although the Mullaroo experiences spring pulses 

annually (~1200ML/d), followed by reduced flows (~600ML/D) in autumn.      
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Figure 1 Study areas located within Murray-Sunset National Park 
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2.2 Study design 

To investigate the effects of weir pool water level manipulations on riparian/littoral vegetation, 18 sites 

were established across LMW. Six sites were established in each of Lindsay (Figure 2), Mulcra (Figure 3) 

and Wallpolla islands (Figure 4). Sites were included on Wallpolla Island (influenced by Lock 9), which 

experiences more stable water levels to act as control sites for comparison with weir pools 7 and 8, 

which in recent years have been more intensively managed with WPMs as part of the Murray–Darling 

Basin Authority (MDBA) weir pool variability program (Table 1). Weir pools 7, 8 and 9 correspond to 

sites at Lindsay, Mulcra and Wallpolla respectively. At each island, three sites were established on the 

banks of the Murray River and three were established on the banks of creeks connected to the Murray 

River. This included Mullaroo Creek on Lindsay Island, Potterwallkagee Creek on Mulcra Island and 

Wallpolla Creek on Wallpolla Island. All sites were a minimum of 3 km from any other site. 

Weir pools 7 and 8 provided an opportunity to measure the impacts of frequent, larger manipulations. 

Under contemporary management, the operational limits for Locks 7 and 8 manipulations are -0.9 m to 

+0.6 m and -1.2 m to +1.1 m relative to Full Supply Level (FSL), respectively. In contrast, Lock 9 

experiences relatively more stable weir pool levels with operational limits from -0.1 m to +0.24 m 

relative to FSL and therefore provides an opportunity for a control/reference weir pool for comparison 

with weir pools 7 and 8.  

At each site, ten transects were established at fixed elevations from the baseline of FSL (i.e. 0 m). Daily 

weir pool levels in relation to FSL were determined using the River Murray data supplied online (MDBA, 

2021). Elevations were determined using a Leica NA332 dumpy level to measure elevation change from 

FSL. Elevation transects were established at -120 cm, -90 cm, -60 cm, -30 cm, 0 cm (FSL), +30 cm, +60 

cm, +90 cm, +120 cm and +150 cm elevation (Figure 5). 

 

Table 1 Summary of maximum weir pool manipulations trialled for weir pools 7, 8 and 9 

relative to FSL (0 m) as part of the Murray–Darling Basin Authority weir pool 

variability program. 

Year 
Lock 7 

(Spring) 
Lock 7 

(Autumn) 
Lock 8 

(Spring) 
Lock 8 

(Spring) 
Lock 9 

(Spring) 
Lock 9 

(Spring) 

2013-14 - - +0.40 m -0.50 m +0.20 m -0.10 m 

2014-15 +0.50 m -0.80 m +0.85 m -0.80 m +0.25 m -0.10 m 

2015-16 +0.50 m -0.80 m +0.85 m -0.80 m +0.25 m -0.10 m 

2016-17 +0.55 m -0.90 m +0.85 m -1.00 m +0.25 m -0.10 m 

2017-18 +0.60 m -0.10 m +0.35 m -0.30 m +0.20 m 0.10 m 

2018-19 +0.30 m -0.90 m -0.50 m -1.00 m -0.10 m -0.10 m 

2019-20 +0.55 m -0.60 m +0.85 m -1.00 m - -0.10 m 

2020-21 +0.10 m -0.50 m +0.10 m -0.40 m +0.10 m -0.10 m 
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Figure 2 Weir pool 7 study sites 
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Figure 3 Weir pool 8 study sites 
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Figure 4 Weir pool 9 study sites
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Figure 5 Site layout showing elevation transects (n = 10, per site) and elevation transect length 

(20 m). The blue line denotes the water’s edge. Note: 0 cm and -30 cm were not 

always inundated at all sites. 0 cm elevation became exposed at all weirs in the 

autumn sampling period following weir pool drawdown. Additionally, -30 cm elevation 

also became exposed at the weir pool 8 sites during autumn.  

 

2.3 Data collection 

Data was collected over two seasons in Spring of 2020 and Autumn of 2021. At each elevation transect 

which was not inundated with water, floristics and ground parameters were measured using the point 

intercept method (Reid and Quinn 2004; Raulings et al. 2010). Elevation transects were 20 m in length 

with point intercept measurements taken every 25 cm, for a total of 80 points per elevation transect 

(Figure 5). Every live plant which intercepted the point was recorded, in addition to ground parameters 

including leaf litter, coarse woody debris and bare ground. The height of plants and substrates 

intercepted was also recorded. If a plant was a recruit this was also noted in addition to the size 

category which it fell into (<20cm, 20-50cm, 50-130cm). 

Transects which were inundated were sampled using a rake to sweep for vegetation rooted along the 

elevation transect. This was recorded in the form of presence or absence of species along the elevation 

transect. Where sites were inundated, the depth of the water at each elevation was also recorded.  

The elevation profile of sites was recorded by measuring the horizontal distance between transects. As 

much as possible, sites with shallow bank gradients were selected as steep gradients did not allow for 

accurate measurement of elevations and establishment of transects. 
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2.4 Data analysis 

2.4.1 Species composition 

Mean species richness per site was calculated by taking an average of the species richness across the 

three sites within each habitat and weir pool (for example, across the three main channel sites within 

weir pool 8). Mean groundcover for each species was calculated as the total number of point-intercepts 

for each species, divided by the total number of possible point-intercepts at a site, then averaged across 

sites.  

Differences in mean species richness and proportional cover between native and exotic species at each 

combination of weir pool and habitat were investigated using T-tests. 

2.4.2 Weir pool, habitat type and seasonal effects 

Two-way ANOVAs were used to test for any effect of weir pool or season on species richness. A post-hoc 

Tukey HSD test was then conducted to investigate which differences between weir pools were 

significant. In addition, a further two-way ANOVA was conducted to investigate the effects of habitat 

type and season on species richness, and any possible interactive effect between the two.  

Non-metric multidimensional scaling ordinations were conducted to visualise differences in species 

combination between weir pool and habitat types, using the proportion each species was recorded in at 

each site as the input data. Intrinsic vectors (species) and extrinsic vectors (species’ functional group, 

bank gradient and ground layer parameters) were overlayed with a significance cut-off of 0.05. 

ANOSIM pairwise comparisons were also undertaken to test for dissimilarity between the proportional 

cover of species at each weir in each season. Finally, SIMPER analyses were used to quantify which 

species were contributing most to the dissimilarities between weir pools, habitat types and elevations. 

NMDS ordinations, ANOSIM and SIMPER analyses were all conducted using the Vegan package (Oksanen 

2019) in RStudio (R Core Team 2019). 

2.4.3 Bank gradient 

The distance between transects at each elevation was recorded to give a measure of the bank profile. 

These distances were then plotted, and the gradient of each profile was determined using linear 

analysis.  

Native species richness for each of four elevation categories/zones was also plotted for each weir pool 

and habitat type at season 1 (spring 2020) and season 2 (autumn 2021). Elevation categories included: 

submerged zone (-120 cm, -90 cm, -60 cm), lower bank (-30 cm, 0 cm, +30 cm), mid bank (+60 cm, +90 

cm, +120 cm) and upper bank (+150 cm). Similarly, the species richness of each functional group was 

plotted for the four elevation categories at spring and autumn. 
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3 Results 

3.1 Weir pool manipulations and hydrology 

Across the monitoring period of Spring 2020 and Autumn 2021, weir pool 7 was maintained at FSL or to 

+0.1 m above FSL for the spring and early summer but experienced a WPL (drawdown) of -0.4 m to -0.5 

m from 3rd January to 8th April 2021 (Figure 6a). Similarly, weir pool 8 was maintained at FSL or to +0.1 m 

above FSL for the spring and early summer but experienced a WPL (drawdown) of -0.4 m from 12th 

January to end of May 2021 (Figure 6b). Weir pool 9 was maintained at FSL to +0.1 m above FSL, for the 

spring and early summer, and approximately -0.1 m below FSL from 29th January to end of May 2021 

(Figure 6c). Mean discharge across the drawdown period was approximately 6,000 ML/day. At these 

flows a drawdown of -0.5 m in weir pool 7 is expected to expose a total area of ~25 Ha, while a 

drawdown of -0.4 m in weir pool 8 is expected to expose a total area of ~45 to 50 Ha (A. Keogh, MDBA).  
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Figure 6 Water levels from June 2020 to May 2021 at weir pool 7 (a), weir pool 8 (b) and weir 

pool 9 (c). Spring and autumn surveying periods are shown in grey. 
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3.2 Species richness 

Across all sites, habitats and seasons, mean native species richness was significantly (P<0.05) higher than 

exotic species richness (Figure 7, see appendix 1 for full species list). In both habitat types, native species 

richness was substantially higher at weir pool 9 sites than weir pools 7 and 8, which showed little 

difference between each other. In spring (season 1), mean native species richness ranged from 21 

species and 20 species in weir pool 9 creek and main channel sites respectively, from 8.33 (creek) and 

10.67 (main channel) at weir pool 8, while weir pool 7 species richness was similar to weir pool 8 (12 at 

creek sites and 8.67 at main channel sites). In autumn (season 2) native species richness was similar to 

spring, with higher richness at weir pool 9 sites (15.67 at creek sites and 16.67 at main channel sites) 

and uniformly lower native richness at weir pool 7 (11 at creek sites, 10 at main channel sites) and weir 

pool 8 (7.67 at creek sites and 11.33 at main channel sites). Exotic species richness was higher in the 

main channel sites for weir pool 9 (season 1, 2.67; season 2, 1.67), compared to main channel sites in 

weir pools 8 (season 1, 0.33; season 2, 0.67) and 7 (season 1, 0.33; season 2, 0.05).   

     

 

Figure 7 Mean native and exotic species richness of sites in a) season one and b) season two. N 

= 3 sites at each habitat type within each weir. Asterisks represent statistically 

significant differences in native and exotic species richness. 
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3.2.1 Weir pool effects 

Two-way ANOVA results testing for effects of weir pool and season on species richness found a 
significant effect of weir pool (F=11.75, P<0.001), but no effect of season (Table 2).  

Table 2 Two-way ANOVA of how species richness was affected by weir pool (weir pools 7, 8, 

9), Season (Spring 2020, Autumn 2021) and any interactive effect between the two.  

Statistically significant (P<0.05) effects are bolded. 

Factor df F P 

Weir 2 11.75 <0.001 

Season 1 0.62 0.44 

Weir × Season 2 0.06 0.94 

Error 30   

 

Post-hoc comparisons using the Tukey HSD test indicated that mean species richness at weir pool 9 

differed significantly from weir pools 7 and 8, however there was no difference between weir pool 7 and 

8 (Table 3). SIMPER analyses found that C. gymnocaulos contributed the most (31%) to dissimilarities in 

species composition between weir pools 7 and 9, with no C. gymnocaulos cover in weir pool 7 but 

increasing substantially in weir pool 9, while Stemodia florulenta (12%) and Glycyrrhiza acanthocarpa 

(11%) also contributed significantly (Appendix 2). Similarly, C. gymnocaulos (32%), G. acanthocarpa 

(12%) and S. florulenta (10%) contributed the most to dissimilarities between weir pools 8 and 9, with 

cover of both species low at weir pool 8 and increasing substantially at weir pool 9. Although no 

significant differences were found in species composition between weir pools 7 and 8 (Table 3), S. 

florulenta (25%) and Senecio cunninghamii var cunninghamii (18%) contributed the most to the 

dissimilarities found between these two regions, with both species increasing in abundance at weir pool 

7 (Appendix 2).  

Table 3 Results from Tukey HSD test comparing means of species richness between Weirs. 

Statistically significant (P<0.05) effects are bolded. 

Pairwise 
comparisons 

Upper bound Lower bound Adjusted P-value 

Weir 7-Weir 8 -0.61 -1.61 0.31 

Weir 7-Weir 9 1.33 0.32 0.007 

Weir 8-Weir 9 1.93 0.93 <0.001 

 

3.2.2 Habitat and seasonal effects 

Two-way ANOVA results testing for effects of habitat and season on species richness showed no 

significant differences between either habitat (main channel vs creek) or season (spring 2020 vs autumn 

2021) across all sites (Appendix 3). However, NMDS ordinations confirmed differences in species 

composition between weir pools in both seasons (Figure 8). In spring (season 1), the ordination indicates 

three distinct clusters for each weir pool, however within each weir pool there appears to be little 
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difference between habitat types. Six species were significantly associated with the spring ordination 

pattern, with S. cunninghamii var. cunninghamii, S. florulenta and Laphangium luteoalbum associated 

most strongly with weir pool 7 sites. In addition, C. gymnocaulos, G. acanthocarpa and Acacia 

stenophylla were most associated with weir pool 9 sites. When looking at functional groups, the 

amphibious fluctuation tolerator – emergent (Ate) and amphibious fluctuation tolerator – woody (Atw) 

functional groups were most strongly associated with weir pool 9 sites (see Appendix 4 for definitions of 

plant functional groups).  

In autumn (season 2), ordination patterns indicated greater overlap in species composition between 

weir pools 7 and 8, while weir pool 9 was still distinct from weir pools 7 and 8. Eight species were 

significantly associated with the patterns observed in autumn with C. gymnocaulos, Einadia nutans, 

Cuscuta campestris, A. stenophylla, G. acanthocarpa and Bolboschoenus medianus most strongly 

associated with weir pool 9 sites. Of the functional groups, terrestrial damp (Tda), terrestrial dry (Tdr) 

and Atw were most strongly associated with weir pool 9 sites.  
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Figure 8 NMDS ordination of species composition by habitat (main channel vs creek) and weir 

pools for a) season 1 (spring 2020) and b) season 2 (autumn 2021). Statistically 

significant intrinsic and extrinsic vectors are also shown. Arp, amphibious fluctuation 

responder – plastic; Ate, amphibious fluctuation tolerator – emergent; Atw, 

amphibious fluctuation tolerator – woody; Tdr, terrestrial dry; Tda, terrestrial damp. 
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3.3 Species cover 

As with species richness, proportional cover of native species was significantly higher (P<0.05) than 

exotic species across all habitats (main channel vs creeks) and weir pools (Figure 9). In both habitat 

types, weir pool 9 sites exhibited a higher proportional cover of natives in both spring (season 1) 

(creek=0.195; main channel=0.475) and autumn (season 2) (creek=0.267; main channel=0.581) than 

either weir pool 7 or 8. 

Across all weir pools, the main channel sites tended to have higher proportional cover of natives than 

creek sites, with the exception being the weir pool 7 creek sites. Proportional cover changed little 

between seasons at each weir pool and habitat type, with the exception being the weir pool 7 sites, 

which recorded a decline in native cover at the creek sites and increase in native cover at the main 

channel sites. 

 

Figure 9 Mean total cover of native and exotic species across sites within each weir pool and 

habitat type (main channel vs creek) in a) season 1 (spring 2020) and b) season 2 

(autumn 2021). Asterisks represent statistically significant differences in native and 

exotic cover. 
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Two-way ANOVA results investigating the effects of weir and habitat on total native species cover found 
a significant interactive effect of weir and habitat (Table 4). Post-hoc tests on the significant effect of the 
weir pools once again found a significant difference between weir pool 9 when compared to weir pools 
7 and 8 (Table 5). Weir pool 9 creek sites also differed significantly from weir pool 9 main channel sites. 
There was no significant difference between weir pool 9 creek sites and weir pool 7 and 8 creek sites. 

Table 4 Two-way ANOVA of how species proportional cover was affected by Habitat (main 

channel, creek), Season (Spring 2020, Autumn 2021) and any interactive effect 

between the two.  Statistically significant (P<0.05) effects are bolded. 

Factor df F P 

Weir 2 24.03 <0.001 

Habitat 1 14.85 <0.001 

Weir x Habitat 2 9.75 <0.001 

Error 30   

 

Table 5 Results from Tukey HSD test comparing means of species proportional cover 

between Weirs. Statistically significant (P<0.05) effects are bolded. 

Pairwise 
comparisons 

Upper bound Lower bound Adjusted P-value 

Weir 7-Weir 8 -0.09 0.14 0.85 

Weir 7-Weir 9 0.18 0.41 <0.001 

Weir 8-Weir 9 0.15 0.39 <0.001 

 

3.4 Elevation 

At each weir pool, native species richness varied between the four elevation categories. Across both 

seasons, weir pool 9 experienced the greatest variation (Figure 10). In spring (season 1), species richness 

ranged from 4 species in the submerged zone to 23 and 26 species in the lower bank for main channel 

and creek respectively before dropping down to 7 species (main channel) and 10 species (creek). Species 

richness was also highest at the lower bank for weir pool 7 in the main channel (13 species) and the 

creek (17 species) and lowest at the upper bank where no species were recorded. Weir pool 8 exhibited 

slightly different pattern, with species richness highest at the mid bank for both habitats (main 

channel=13 species; creek=9 species).    

In autumn (season 2), the weir pool 9 main channel sites exhibited a substantial shift in patterns of 

species richness from spring (season 1), with peak species richness occurring at the mid bank in the main 

channel, while decreasing at the lower bank. Meanwhile, species richness was highest at the lower bank 

for the creek sites. Weir pool 7 sites showed a similar pattern to season 1, with species richness highest 

at the lower bank. Weir pool 8 sites also showed a similar pattern to season 1, with richness highest at 

the mid bank from both habitat types. However, low species richness at the upper bank elevation is due 
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in part to this category only including one elevation (+150 cm) whilst all other categories were 

composed of three elevations (see Figure 5 caption). 

 

 

Figure 10 Native species richness at four elevation categories across all weir pools and habitats. 

Species richness is the total number of species recorded at all three sites within each 

habitat and weir pool combination. Submerged zone (-120 cm, -90 cm, -60 cm); Lower 

bank (-30 cm, 0 cm, +30 cm); Mid bank (+60 cm, +90 cm, +120 cm); Upper bank (+150 

cm).  

 

Functional group species richness was highly variable between seasons (Figure 11 and Figure 12). At 

weir pool 7, the terrestrial dry (Tdr) functional grouped shifted from highest species richness (creek=6 

species; main channel=4 species) at the lower bank elevations to 3 species in both habitat types in 

autumn (season 2). While Tdr species richness was highest at the mid bank elevation for weir pools 8 

and 9 across both habitats and seasons, the number of species recorded did vary. At weir pool 9 creek 

sites, Tdr richness dropped from 15 species in season 1 to 8 species in autumn while at weir pool 9 main 
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channel sites Tdr richness increased from 12 species in spring (season 1) to 16 species in autumn. This 

increase in the number of Tdr species at the mid bank elevation of the weir pool 9 main channel sites 

partially drove the shift in peak species richness from the lower bank to the mid bank, as seen in Figure 

10. The remainder of this shift appears largely attributable to decreases in the species richness of the 

majority of functional groups present at the lower bank elevation. Emergent, low growing and plastic 

amphibious fluctuation tolerators, terrestrial damp and terrestrial dry species all saw decreases in their 

species richness between spring and autumn at the lower bank elevation of the weir pool 9 main 

channel sites. 

No other clear trends were observed in relation to functional groups across elevations. The terrestrial 

damp functional group and the low growing amphibious fluctuation tolerators exhibited inconsistent 

trends between seasons, with some weir pools and habitat types increasing in species richness while 

others exhibiting a decrease. The woody amphibious fluctuation tolerators experienced an increase in 

species richness at the weir pool 7 sites and the weir pool 8 and 9 main channel sites, but decreased in 

species richness at the weir pool 8 and 9 creek sites.  

 

   

 

Figure 11 Functional group species richness at four elevation categories as measured during 

Spring sampling (season 1). Species richness is the total number of native species 

within each functional group recorded between all three sites in each weir and 

habitat. 
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Figure 12 Functional group species richness at four elevation categories/zones as measured 

during Autumn sampling (season 2). Species richness is the total number of native 

species within each functional group recorded between all three sites in each weir 

pool and habitat type. 
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4 Discussion 

The extent of weir pool level variability for 2020-21 in weir pools 7, 8 and 9 was relatively contracted 

compared to the range of weir pool manipulations undertaken in previous years; with a small spring 

raising (+10 cm) across all weir pools, followed by autumn drawdowns of -50 cm in weir pool 7, -40 cm 

in weir pool 8 and a minor drawdown of -10 cm in weir pool 9.  

The results suggest that weir pool manipulations in weir pools 7 and 8, as well as independently-

controlled spring pulses in Mullaroo creek, are altering vegetation species composition in these riparian 

habitats. We found that while weir pools 7 and 8 are comparable in species composition, weir pool 9 is 

characterised by a distinctly different species composition. Surveys indicate that weir pool 9 tended to 

have an overall greater mean species richness compared to weir pools 7 and 8. Greater abundances of 

C. gymnocaulos in weir pool 9 accounted for the most dissimilarity compared to weir pools 7 and 8, 

which tend to be characterised by greater abundances of Stemodia florulenta and Gylcyrrihiza 

acanthocarpa. Terrestrial damp species, such as S. florulenta and G. acanthocarpa tend to germinate 

and establish on newly exposed saturated or damp ground following inundation recession (Casanova 

and Brock 2000). C. gymnocaulos is considered an amphibious fluctuation tolerator – emergent species 

that require access to saturated/shallow flooded water for 8-10 months of the year, indicating a 

preference for more stable, consistent hydrologic conditions (Casanova and Brock 2000). C. 

gymnocaulos tends to flourish with access to saturated conditions, although it is also capable of 

surviving and tolerating much drier conditions.  

While there were no significant differences in species richness between habitat types across the weir 

pools, overall main channel habitats in weir pool 9 tended to differ from main channel habitats in weir 

pools 7 and 8, with weir pool 9 main channel habitats having a higher native species richness and 

proportional cover of natives. In addition, weir 9 also had a greater diversity and cover of exotics, which 

may also be reflective of more stable, consistent hydrologic conditions (Campbell et al. 2021).  

In general, vegetation responses across elevation gradients were highly variable between weir pools and 

habitats. In the spring surveys, the peak species richness occurred at the lower banks (-30, 0 and +30 cm 

elevations) for main channel and creek habitats in weir pools 9 and 7, whereas peak species richness for 

weir pool 8 main channel and creek habitats was at the mid bank (+60, +90, +120 cm elevations). By 

autumn, the weir pool 9 main channel sites exhibited a distinct shift in patterns of species richness, with 

peak species richness occurring at the mid bank elevations, whereas there was no discernible shift in 

species richness for weir pools 7 and 8. Based on changes in functional group species richness, this shift 

in species richness in weir pool 9 appears to be due to the recruitment of species from the terrestrial dry 

functional group (such as Atriplex leptocarpa, Atriplex lindleyi subsp. inflata, Einadia nutans and 

Enchylaena tomentosa var. tomentosa) at mid-upper elevations and a corresponding decrease in the 

presence of emergent, low growing and plastic amphibious fluctuation tolerators, terrestrial damp and 

terrestrial dry at the lower bank elevations. This increase in terrestrial dry functional species, all from 

the Chenopodiaceae family, may be due to higher localised rainfall at weir pool 9, as these species are 

all capable of persisting in damper environments. Species from the woody amphibious fluctuation 

tolerators functional groups, such as Acacia stenophylla and Eucalyptus camaldulensis, increased in 

species richness in weir pool 7 main channel and creek habitats, and main channel sites within weir 

pools 8 and 9 but decreased in corresponding creek sites. 
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Riparian, littoral and floodplain vegetation is inherently dynamic in response to variable water regimes 

(Campbell et al. 2021). For example, in dynamic floodplain and wetland systems, vegetation community 

assemblages are strongly influenced by patterns of wetting and drying, and are typically heterogenous 

and dynamic through space (i.e. vary between sites) and time (Nicol et al. 2010; Capon and Campell 

2019). Diverse and dynamic vegetation communities contribute to ecosystem services (Boulton and 

Brock 1999) and have an intrinsic biodiversity value within themselves. They may provide refuge, 

breeding habitat and an important food source for a wide range of organisms, through both the wet and 

dry cycles (Boulton and Brock 1999; McGinness et al. 2010; Bornette and Puijalon 2011). However, 

objectives and targets for riparian, littoral and floodplain vegetation condition often focus on indicators 

that emphasise stability or perceived improvements in certain attributes, such as increased or 

maintained presence, diversity, extent or canopy condition making it difficult to capture spatiotemporal 

variability, which may be functionally significant (Campbell et al. 2021).  

Weir pool manipulations provide a management tool to introduce a degree of water level variability in 

the absence of unregulated flows (sensu Nielsen and Chick 1997). Weir pool raising provides conditions 

suitable for increased recruitment of riparian, littoral and floodplain species through the replenishment 

of soil moisture reserves of inundated areas, whereas weir pool lowering provides increased areas of 

bare substrate with high soil moisture. The magnitude of response in any given area will be dependent 

on the resident seedbank and the availability of areas suitable for plant recruitment, such as bare 

ground, sparsely vegetated patches and/or areas free of competitive taxa such as Typha domingensis, 

Phragmites australis and Paspalum distichum (Pettit and Froend 2001; Polzin and Rood 2006). Weir 

pools 7 and 8 vegetation communities tended to be characterised by lower species richness and cover at 

the time of sampling. However, these weir pools, which have been repeatedly subjected to successive 

patterns of larger spring inundations (weir pool raising), followed by a larger summer-autumn 

drawdown (weir pool lowering) since 2013, are likely to provide the greater opportunities for positive 

vegetation responses. Nevertheless, these responses are expected to vary depending on the magnitude 

of the events and/or site conditions.  
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5 Recommendations 

Although weir pool manipulations have been carried out since 2013-14, this report presents the first 

year of on-ground monitoring of riparian and littoral vegetation responses to weir pool manipulations. 

The 2020-21 surveys highlighted responses of riparian/littoral vegetation to a small-moderate 

drawdown across the summer/autumn in weir pools 7 and 8. However, to improve our understanding of 

riparian/littoral vegetation responses to weir pool manipulations at LMW sites we recommend: 

• Continued monitoring of a broader range and variety of weir pool manipulations, such as weir 

pool raising or drawdown events only, or longer/shorter weir pool raisings and drawdowns will 

be beneficial for elucidating specific vegetation responses. For instance, determining which 

watering actions may be conducive to seedbank or propagule replenishment of native species or 

perhaps the control of certain pest and weed species. 

Inundation to replenish soil moisture reserves, followed by a drying, drawdown phase is important for 

riparian/littoral vegetation communities to enable plants to complete their life-cycle stages as well as 

for nutrient and chemical cycling processes (Boulton et al. 2014). However, responses might be muted 

as a result of the type of inundation (e.g. shallow inundation and rapid recession) or an indication of the 

condition of the soil seedbank.  

• Comparisons of soil seedbanks between weir pools and habitat types could help to improve our 

understanding of potential vegetation responses to weir pool management actions. 

Weir pools 7 and 8 have experienced more extensive weir pool variability (i.e. frequency and 

magnitude) over the last 8 years compared to weir pool 9. This report highlights that while riparian and 

littoral vegetation communities in weir pools 7 and 8 share many similarities in species richness and 

composition, they are distinctly different to riparian/littoral vegetation communities in weir pool 9.   

• Integrating vegetation surveys with surveys of other biota (e.g. terrestrial and aquatic 

invertebrates, fish, frogs, reptiles, birds, mammals) or abiotic processes (e.g. water quality, soil 

condition, carbon cycling) could help to improve our understanding of the functional 

significance of vegetation community differences. 
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Appendix 1 Flora species recorded across all sites during spring and autumn survey periods.  

* denotes exotic species. 

Table 6 Weir 7 flora species recorded across both survey periods. 

Scientific name Common name EPBC FFG VIC Origin 

Acacia stenophylla Eumong        

Alternanthera denticulata Lesser Joyweed        

Bolboschoenus medianus Marsh Club-sedge        

Centipeda cunninghamii Common Sneezeweed        

Centipeda minima subsp. Minima Spreading Sneezeweed        

Ceratophyllum demersum Hornwort     k  

Cuscuta campestris Field Dodder       * 

Cynodon dactylon var. pulchellus Native Couch     k  

Cyperus exaltatus Tall Flat-sedge        

Cyperus gymnocaulos Spiny Flat-sedge        

Cyperus leptocarpus Button Rush     vu  

Enchylaena tomentosa var. tomentosa Ruby Saltbush        

Eragrostis parviflora Weeping Love-grass        

Erigeron bonariensis Flaxleaf Fleabane       * 

Erigeron sumatrensis Tall Fleabane       * 

Eucalyptus camaldulensis River Red-gum   R    

Euphorbia dallachyana Flat Spurge        

Fimbristylis velata Veiled Fringe-sedge     r  

Glycyrrhiza acanthocarpa Southern Liquorice        

Heliotropium curassavicum Smooth Heliotrope        

Juncus aridicola Tussock Rush        

Laphangium luteoalbum Jersey Cudweed        

Lepidium africanum Common Peppercress       * 

Lepidium fasciculatum Bundled Peppercress     k  

Ludwigia peploides subsp. montevidensis Clove-strip        

Myoporum parvifolium Creeping Myoporum        

Paspalidium jubiflorum Warrego Summer-grass        

Persicaria prostrata Creeping Knotweed        

Picris squarrosa Squat Picris     r  

Potamogeton crispus Curly Pondweed        

Rhagodia spinescens Hedge Saltbush        

Senecio cunninghamii var. cunninghamii Branching Groundsel     r  

Solanum nigrum Black Nightshade       * 

Sonchus oleraceus Common Sow-thistle       * 

Sphaeromorphaea littoralis Spreading Nut-heads        

Stemodia florulenta Blue Rod        

Vallisneria australis Eel Grass        

Wahlenbergia fluminalis River Bluebell        
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Xanthium occidentale Noogoora Burr       * 

 

Table 7 Weir 8 flora species recorded across both survey periods. 

Scientific name Common name EPBC FFG VIC Origin 

Acacia stenophylla Eumong         

Asparagus officinalis Asparagus       * 

Atriplex pumilio Mat Saltbush         

Atriplex suberecta Sprawling Saltbush         

Calotis cuneifolia Blue Burr-daisy     r   

Carthamus lanatus Saffron Thistle       * 

Centipeda cunninghamii Common Sneezeweed         

Centipeda minima subsp. Minima Spreading Sneezeweed         

Ceratophyllum demersum Hornwort     k   

Chenopodium nitrariaceum Nitre Goosefoot         

Cynodon dactylon var. pulchellus Native Couch     k   

Cyperus gymnocaulos Spiny Flat-sedge         

Duma florulenta Tangled Lignum         

Enchylaena tomentosa var. tomentosa Ruby Saltbush         

Eucalyptus camaldulensis River Red-gum   R     

Euphorbia dallachyana Flat Spurge         

Glycyrrhiza acanthocarpa Southern Liquorice         

Lotus cruentus Red Bird's-foot Trefoil         

Ludwigia peploides subsp. montevidensis Clove-strip         

Mesembryanthemum granulicaule Wiry Noon-flower       * 

Mesembryanthemum nodiflorum Small Ice-plant       * 

Myoporum parvifolium Creeping Myoporum         

Paspalidium jubiflorum Warrego Summer-grass         

Persicaria lapathifolia Pale Knotweed         

Potamogeton crispus Curly Pondweed         

Sclerochlamys brachyptera Short-wing Saltbush         

Sclerolaena diacantha Grey Copperburr         

Sclerolaena muricata var. muricata Black Roly-poly     k   

Sclerolaena obliquicuspis Limestone Copperburr         

Senecio cunninghamii var. cunninghamii Branching Groundsel     r   

Senecio quadridentatus Cotton Fireweed         

Solanum nigrum Black Nightshade       * 

Sphaeromorphaea littoralis Spreading Nut-heads         

Stemodia florulenta Blue Rod         

Vallisneria australis Eel Grass         

Verbena officinalis Common Verbena         

Vittadinia cuneata Fuzzy New Holland Daisy         

Xanthium occidentale Noogoora Burr       * 
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Table 8 Weir 9 flora species recorded across both survey periods. 

Scientific name Common name EPBC FFG VIC Origin 

Acacia stenophylla Eumong        

Alternanthera denticulata Lesser Joyweed        

Alternanthera nodiflora Common Joyweed     k  

Atriplex eardleyae Small Saltbush        

Atriplex leptocarpa Slender-fruit Saltbush        

Atriplex lindleyi Flat-top Saltbush        

Atriplex lindleyi subsp. inflata Corky Saltbush        

Atriplex rhagodioides Silver Saltbush   L vu  

Atriplex semibaccata Berry Saltbush        

Atriplex suberecta Sprawling Saltbush        

Austrostipa scabra subsp. falcata Rough Spear-grass        

Bolboschoenus medianus Marsh Club-sedge        

Brachyscome lineariloba Hard-head Daisy        

Calocephalus sonderi Pale Beauty-heads        

Calotis hispidula Hairy Burr-daisy        

Centipeda cunninghamii Common Sneezeweed        

Centipeda minima subsp. minima Spreading Sneezeweed        

Ceratophyllum demersum Hornwort     k  

Chenopodium nitrariaceum Nitre Goosefoot        

Cuscuta campestris Field Dodder       * 

Cycnogeton procerum Common Water-ribbons        

Cynodon dactylon var. pulchellus Native Couch     k  

Cyperus eragrostis Drain Flat-sedge       * 

Cyperus gymnocaulos Spiny Flat-sedge        

Disphyma crassifolium subsp. clavellatum Rounded Noon-flower        

Dittrichia graveolens Stinkwort       * 

Duma florulenta Tangled Lignum        

Duma horrida subsp. horrida Spiny Lignum     r  

Eclipta platyglossa subsp. platyglossa Yellow Twin-heads        

Einadia nutans Nodding Saltbush        

Eleocharis pallens Pale Spike-sedge     k  

Enchylaena tomentosa var. tomentosa Ruby Saltbush        

Erigeron sumatrensis Tall Fleabane       * 

Eucalyptus camaldulensis River Red-gum   R    

Eucalyptus largiflorens Black Box        

Euphorbia dallachyana Flat Spurge        

Fimbristylis sp. Fringe Sedge        

Glycyrrhiza acanthocarpa Southern Liquorice        

Goodenia glauca Pale Goodenia        
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Haloragis glauca f. glauca Bluish Raspwort     k  

Juncus aridicola Tussock Rush        

Lachnagrostis filiformis Common Blown-grass        

Laphangium luteoalbum Jersey Cudweed        

Lepidium africanum Common Peppercress       * 

Limosella australis Austral Mudwort        

Ludwigia peploides subsp. montevidensis Clove-strip        

Maireana decalvans Black Cotton-bush        

Maireana pentagona Hairy Bluebush        

Mesembryanthemum nodiflorum Small Ice-plant       * 

Neobassia proceriflora Soda Bush     en  

Paspalidium jubiflorum Warrego Summer-grass        

Phyla nodiflora var. minor Fog-fruit        

Potamogeton cheesemanii Red Pondweed        

Potamogeton crispus Curly Pondweed        

Pseudoraphis spinescens Spiny Mud-grass        

Reichardia tingitana False Sow-thistle       * 

Rhagodia spinescens Hedge Saltbush        

Salsola tragus subsp. tragus Prickly Saltwort        

Sclerochlamys brachyptera Short-wing Saltbush        

Sclerolaena diacantha Grey Copperburr        

Sclerolaena muricata var. muricata Black Roly-poly     k  

Sclerolaena stelligera Star Bluebush        

Sclerolaena tricuspis Streaked Copperburr        

Senecio quadridentatus Cotton Fireweed        

Senecio runcinifolius Tall Fireweed        

Sonchus oleraceus Common Sow-thistle       * 

Sphaeromorphaea littoralis Spreading Nut-heads        

Sporobolus mitchellii Rat-tail Couch        

Stemodia florulenta Blue Rod        

Teucrium racemosum Grey Germander        

Vallisneria australis Eel Grass        

Verbena officinalis Common Verbena        

Vittadinia cervicularis Annual New Holland Daisy        

Wahlenbergia fluminalis River Bluebell        

Xanthium occidentale Noogoora Burr       * 
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Appendix 2 Results from SIMPER analysis 

 

  Mean cover     

Species Weir 7  Weir 8 Contribution Cumulative 

Stemodia florulenta 0.024 0.010 0.25 0.250 

Senecio cunninghamii var. cunninghamii 0.016 0.000 0.184 0.434 

Sphaeromorphaea littoralis 0.005 0.005 0.085 0.520 

Cyperus gymnocaulos 0.000 0.010 0.083 0.603 

Euphorbia dallachyana 0.001 0.003 0.046 0.649 

Ludwigia peploides subsp. montevidensis 0.003 0.000 0.039 0.688 

Myoporum parvifolium 0.002 0.000 0.028 0.715 

Centipeda cunninghamii 0.000 0.002 0.026 0.741 

Glycyrrhiza acanthocarpa 0.001 0.001 0.024 0.765 

Acacia stenophylla 0.000 0.002 0.023 0.789 

Eucalyptus camaldulensis 0.001 0.001 0.019 0.808 

Heliotropium curassavicum 0.001 0.000 0.016 0.824 

Centipeda minima subsp. minima 0.000 0.001 0.014 0.838 

Xanthium occidentale 0.001 0.001 0.013 0.851 

Lotus cruentus 0.000 0.002 0.013 0.864 

Enchylaena tomentosa var. tomentosa 0.000 0.001 0.012 0.877 

Wahlenbergia fluminalis 0.001 0.000 0.01 0.887 

Cynodon dactylon var. pulchellus 0.001 0.000 0.01 0.897 

Bolboschoenus medianus 0.000 0.000 0.009 0.906 

Atriplex suberecta 0.000 0.001 0.009 0.915 

Chenopodium nitrariaceum 0.000 0.001 0.008 0.922 

Sclerolaena obliquicuspis 0.000 0.000 0.005 0.927 

Juncus aridicola 0.000 0.000 0.005 0.933 

Erigeron sumatrensis 0.000 0.000 0.004 0.937 

Alternanthera denticulata 0.000 0.000 0.004 0.941 

Laphangium luteoalbum 0.000 0.000 0.004 0.945 

Fimbristylis velata 0.000 0.000 0.004 0.949 

Solanum nigrum 0.000 0.000 0.004 0.952 

Cuscuta campestris 0.000 0.000 0.004 0.956 

Sclerochlamys brachyptera 0.000 0.000 0.004 0.960 

Senecio quadridentatus 0.000 0.000 0.004 0.963 

Picris squarrosa 0.000 0.000 0.003 0.967 

Erigeron bonariensis 0.000 0.000 0.003 0.969 

Paspalidium jubiflorum 0.000 0.000 0.002 0.972 

Lepidium africanum 0.000 0.000 0.002 0.974 

Persicaria prostrata 0.000 0.000 0.002 0.976 

Mesembryanthemum granulicaule 0.000 0.000 0.002 0.978 

Sclerolaena muricata var. muricata 0.000 0.000 0.002 0.981 

Verbena sp. 0.000 0.000 0.002 0.983 
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Sonchus oleraceus 0.000 0.000 0.002 0.984 

Asparagus officinalis 0.000 0.000 0.001 0.986 

Cyperus exaltatus 0.000 0.000 0.001 0.987 

Fungal fruiting body 0.000 0.000 0.001 0.988 

Heliotropium curassavicum 0.000 0.000 0.001 0.989 

Rhagodia spinescens 0.000 0.000 0.001 0.990 

Atriplex pumilio 0.000 0.000 0.001 0.991 

Carthamus lanatus 0.000 0.000 0.001 0.992 

Mesembryanthemum nodiflorum 0.000 0.000 0.001 0.993 

Sclerolaena diacantha 0.000 0.000 0.001 0.994 

Verbena officinalis 0.000 0.000 0.001 0.995 

Eragrostis parviflora 0.000 0.000 0.001 0.996 

Cyperus leptocarpus 0.000 0.000 0.001 0.997 

Lepidium fasciculatum 0.000 0.000 0.001 0.998 

Calotis cuneifolia 0.000 0.000 0.001 0.999 

Duma florulenta 0.000 0.000 0.001 0.999 

Vittadinia cuneata 0.000 0.000 0.001 1.000 

 

  Mean cover     

  Weir 7  Weir 9 Contribution Cumulative 

Cyperus gymnocaulos 0.000 0.068 0.31 0.310 

Stemodia florulenta 0.024 0.016 0.116 0.425 

Glycyrrhiza acanthocarpa 0.001 0.031 0.107 0.533 

Senecio cunninghamii var. cunninghamii 0.016 0.000 0.076 0.609 

Cuscuta campestris 0.000 0.015 0.052 0.661 

Ludwigia peploides subsp. montevidensis 0.003 0.008 0.042 0.702 

Cynodon dactylon var. pulchellus 0.001 0.005 0.033 0.735 

Sphaeromorphaea littoralis 0.005 0.001 0.02 0.755 

Acacia stenophylla 0.000 0.004 0.016 0.770 

Senecio quadridentatus 0.000 0.003 0.015 0.785 

Sclerochlamys brachyptera 0.000 0.003 0.013 0.798 

Euphorbia dallachyana 0.001 0.003 0.012 0.810 

Sporobolus mitchellii 0.000 0.002 0.011 0.821 

Duma florulenta 0.000 0.001 0.01 0.831 

Dittrichia graveolens 0.000 0.002 0.01 0.841 

Myoporum parvifolium 0.002 0.000 0.009 0.851 

Wahlenbergia fluminalis 0.001 0.001 0.009 0.860 

Juncus aridicola 0.000 0.002 0.009 0.869 

Atriplex leptocarpa 0.000 0.002 0.007 0.876 

Eucalyptus camaldulensis 0.001 0.001 0.007 0.883 

Enchylaena tomentosa var. tomentosa 0.000 0.002 0.007 0.890 

Heliotropium curassavicum 0.001 0.000 0.007 0.896 

Centipeda minima subsp. minima 0.000 0.001 0.006 0.902 
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Atriplex lindleyi subsp. inflata 0.000 0.002 0.006 0.908 

Phyla nodiflora var. minor 0.000 0.001 0.005 0.913 

Laphangium luteoalbum 0.000 0.001 0.005 0.918 

Xanthium occidentale 0.001 0.001 0.005 0.923 

Atriplex lindleyi 0.000 0.001 0.004 0.927 

Atriplex semibaccata 0.000 0.001 0.004 0.931 

Sclerolaena stelligera 0.000 0.001 0.003 0.934 

Eucalyptus largiflorens 0.000 0.001 0.003 0.938 

Sclerolaena diacantha 0.000 0.001 0.003 0.941 

Disphyma crassifolium subsp. clavellatum 0.000 0.001 0.003 0.944 

Sclerolaena tricuspis 0.000 0.001 0.003 0.947 

Limosella australis 0.000 0.001 0.003 0.950 

Lepidium africanum 0.000 0.001 0.003 0.952 

Bolboschoenus medianus 0.000 0.000 0.002 0.955 

Centipeda cunninghamii 0.000 0.000 0.002 0.957 

Alternanthera denticulata 0.000 0.000 0.002 0.959 

Eclipta platyglossa subsp. platyglossa 0.000 0.000 0.002 0.962 

Erigeron sumatrensis 0.000 0.000 0.002 0.964 

Chenopodium nitrariaceum 0.000 0.001 0.002 0.966 

Einadia nutans 0.000 0.001 0.002 0.968 

Fimbristylis velata 0.000 0.000 0.002 0.969 

Verbena officinalis 0.000 0.000 0.002 0.971 

Goodenia glauca 0.000 0.000 0.002 0.973 

Picris squarrosa 0.000 0.000 0.001 0.974 

Emergents 0.000 0.000 0.001 0.976 

Eleocharis sp. 0.000 0.000 0.001 0.977 

Paspalidium jubiflorum 0.000 0.000 0.001 0.978 

Atriplex suberecta 0.000 0.000 0.001 0.980 

Solanum nigrum 0.000 0.000 0.001 0.981 

Mesembryanthemum nodiflorum 0.000 0.000 0.001 0.982 

Calocephalus sonderi 0.000 0.000 0.001 0.983 

Persicaria prostrata 0.000 0.000 0.001 0.984 

Rhagodia spinescens 0.000 0.000 0.001 0.985 

Sonchus oleraceus 0.000 0.000 0.001 0.986 

Haloragis glauca f. glauca 0.000 0.000 0.001 0.987 

Salsola tragus subsp. tragus 0.000 0.000 0.001 0.988 

Erigeron bonariensis 0.000 0.000 0.001 0.989 

Austrostipa scabra subsp. falcata 0.000 0.000 0.001 0.990 

Vittadinia cervicularis 0.000 0.000 0.001 0.990 

Maireana pentagona 0.000 0.000 0.001 0.991 

Neobassia proceriflora 0.000 0.000 0.001 0.992 

Maireana decalvans 0.000 0.000 0.001 0.993 

Atriplex rhagodioides 0.000 0.000 0.001 0.993 

Duma horrida subsp. horrida 0.000 0.000 0.001 0.994 
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Eleocharis pallens 0.000 0.000 0.001 0.994 

Sclerolaena muricata var. muricata 0.000 0.000 0.001 0.995 

Senecio runcinifolius 0.000 0.000 0.001 0.995 

Fimbristylis sp. 0.000 0.000 0.001 0.996 

Cyperus exaltatus 0.000 0.000 0.001 0.996 

Fungal fruiting body 0.000 0.000 0.001 0.996 

Heliotropium curassavicum 0.000 0.000 0.001 0.997 

Eragrostis parviflora 0.000 0.000 0.001 0.997 

Cyperus leptocarpus 0.000 0.000 0.001 0.998 

Lepidium fasciculatum 0.000 0.000 0.001 0.998 

Atriplex eardleyae 0.000 0.000 0.001 0.998 

Brachyscome lineariloba 0.000 0.000 0.001 0.999 

Calotis hispidula 0.000 0.000 0.001 0.999 

Cycnogeton procerum 0.000 0.000 0.001 0.999 

 

  Mean cover     

  Weir 8 Weir 9 Contribution Cumulative 

Cyperus gymnocaulos 0.010 0.068 0.329 0.329 

Glycyrrhiza acanthocarpa 0.001 0.031 0.118 0.447 

Stemodia florulenta 0.010 0.016 0.1 0.547 

Cuscuta campestris 0.000 0.015 0.056 0.603 

Ludwigia peploides subsp. montevidensis 0.000 0.008 0.042 0.645 

Cynodon dactylon var. pulchellus 0.000 0.005 0.039 0.684 

Sphaeromorphaea littoralis 0.005 0.001 0.027 0.711 

Acacia stenophylla 0.002 0.004 0.022 0.733 

Euphorbia dallachyana 0.003 0.003 0.018 0.751 

Senecio quadridentatus 0.000 0.003 0.018 0.768 

Sclerochlamys brachyptera 0.000 0.003 0.014 0.782 

Sporobolus mitchellii 0.000 0.002 0.012 0.795 

Duma florulenta 0.000 0.001 0.012 0.806 

Juncus aridicola 0.000 0.002 0.011 0.817 

Dittrichia graveolens 0.000 0.002 0.011 0.828 

Wahlenbergia fluminalis 0.000 0.001 0.01 0.839 

Centipeda cunninghamii 0.002 0.000 0.01 0.849 

Enchylaena tomentosa var. tomentosa 0.001 0.002 0.009 0.858 

Centipeda minima subsp. minima 0.001 0.001 0.009 0.867 

Eucalyptus camaldulensis 0.001 0.001 0.009 0.875 

Atriplex leptocarpa 0.000 0.002 0.008 0.883 

Lotus cruentus 0.002 0.000 0.007 0.890 

Phyla nodiflora var. minor 0.000 0.001 0.006 0.896 

Atriplex lindleyi subsp. inflata 0.000 0.002 0.006 0.903 

Xanthium occidentale 0.001 0.001 0.005 0.908 

Chenopodium nitrariaceum 0.001 0.001 0.005 0.913 
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Atriplex suberecta 0.001 0.000 0.005 0.917 

Laphangium luteoalbum 0.000 0.001 0.005 0.922 

Atriplex lindleyi 0.000 0.001 0.004 0.927 

Atriplex semibaccata 0.000 0.001 0.004 0.931 

Sclerolaena stelligera 0.000 0.001 0.004 0.935 

Sclerolaena diacantha 0.000 0.001 0.004 0.939 

Eucalyptus largiflorens 0.000 0.001 0.004 0.942 

Disphyma crassifolium subsp. clavellatum 0.000 0.001 0.003 0.946 

Sclerolaena tricuspis 0.000 0.001 0.003 0.949 

Limosella australis 0.000 0.001 0.003 0.952 

Eclipta platyglossa subsp. platyglossa 0.000 0.000 0.003 0.955 

Sclerolaena obliquicuspis 0.000 0.000 0.002 0.957 

Verbena officinalis 0.000 0.000 0.002 0.959 

Lepidium africanum 0.000 0.001 0.002 0.962 

Alternanthera denticulata 0.000 0.000 0.002 0.964 

Myoporum parvifolium 0.000 0.000 0.002 0.966 

Senecio cunninghamii var. cunninghamii 0.000 0.000 0.002 0.968 

Einadia nutans 0.000 0.001 0.002 0.970 

Goodenia glauca 0.000 0.000 0.002 0.972 

Emergents 0.000 0.000 0.002 0.973 

Paspalidium jubiflorum 0.000 0.000 0.002 0.975 

Mesembryanthemum nodiflorum 0.000 0.000 0.001 0.976 

Eleocharis sp  0.000 0.000 0.001 0.978 

Sclerolaena muricata var. muricata 0.000 0.000 0.001 0.979 

Calocephalus sonderi 0.000 0.000 0.001 0.981 

Haloragis glauca f. glauca 0.000 0.000 0.001 0.982 

Salsola tragus subsp. tragus 0.000 0.000 0.001 0.983 

Erigeron sumatrensis 0.000 0.000 0.001 0.984 

Austrostipa scabra subsp. falcata 0.000 0.000 0.001 0.985 

Vittadinia cervicularis 0.000 0.000 0.001 0.986 

Mesembryanthemum granulicaule 0.000 0.000 0.001 0.987 

Verbena sp. 0.000 0.000 0.001 0.988 

Maireana pentagona 0.000 0.000 0.001 0.988 

Neobassia proceriflora 0.000 0.000 0.001 0.989 

Rhagodia spinescens 0.000 0.000 0.001 0.990 

Bolboschoenus medianus 0.000 0.000 0.001 0.991 

Maireana decalvans 0.000 0.000 0.001 0.992 

Atriplex rhagodioides 0.000 0.000 0.001 0.992 

Duma horrida subsp. horrida 0.000 0.000 0.001 0.993 

Eleocharis pallens 0.000 0.000 0.001 0.994 

Senecio runcinifolius 0.000 0.000 0.001 0.994 

Sonchus oleraceus 0.000 0.000 0.001 0.995 

Fimbristylis sp. 0.000 0.000 0.001 0.995 

Asparagus officinalis 0.000 0.000 0.001 0.996 
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Atriplex pumilio 0.000 0.000 0.001 0.996 

Carthamus lanatus 0.000 0.000 0.001 0.997 

Solanum nigrum 0.000 0.000 0.001 0.997 

Calotis cuneifolia 0.000 0.000 0.001 0.997 

Vittadinia cuneata 0.000 0.000 0.001 0.998 

Atriplex eardleyae 0.000 0.000 0.001 0.998 

Brachyscome lineariloba 0.000 0.000 0.001 0.999 

Calotis hispidula 0.000 0.000 0.001 0.999 

Cycnogeton procerum 0.000 0.000 0.001 0.999 

Pseudoraphis spinescens 0.000 0.000 0.001 1.000 

Lachnagrostis filiformis 0.000 0.000 0.001 1.000 
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Appendix 3 Two-way ANOVA results 

Two-way ANOVA of how species richness was affected by Habitat (creek, main channel), Season (Spring 

2020, Autumn 2021) and any interactive effect between the two.  Statistically significant (P<0.05) effects 

are bolded. 

Factor df F P 

Habitat 1 0.35 0.56 

Season 1 0.38 0.54 

Habitat × Season 1 0.64 0.43 

Error 32   
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Appendix 4 Definitions of Plant Functional Groups (PFG) 

Adapted from Casanova (2011). ^ definitions provided Brock and Casanova (1997) and Casanova and 

Brock (2000) * additional or modified groups proposed by Huntley et al. (2016) $definition provided by 

Nicol et al. (2010). 

Broad  

description 

PFG 
code 

Water Plant Functional Group Definition 

Terrestrial Tdr^ Terrestrial dry.  This species group does not require flooding and will persist in damper 
parts of the landscape due to localised high rainfall. Species in this group can invade or 
persist in riparian zones and the edges of wetlands but are essentially terrestrial. 

Tda^ Terrestrial damp. These species germinate and establish on saturated or damp ground 
but cannot tolerate flooding in the vegetative state.  As such they can persist throughout 
the environment in dry puddles and drains. They grow on bare ground following flooding 
or in places where floodwater has spread out over the landscape long enough to saturate 
the soil profile.  They require the soil profile to remain damp for approximately 3 
months.   

Fp Floodplain. Temporary inundation, plants germinate on newly exposed soil after flooding 
but not in response to rainfall.  

Amphibious ATl^ Amphibious fluctuation tolerator – low growing.  This species group can germinate either 
on saturated soil or under water, and grow totally submerged, as long as they are 
exposed to air by the time they start to flower and set seed.  They require shallow 
flooding for approximately 3 months.   

ATe^ Amphibious fluctuation tolerator – emergent.  This species group consists of emergent 
monocots and dicots that survive in saturated soil or shallow water but require most of 
their photosynthetic parts to remain above the water (emergent).  They tolerate 
fluctuations in the depth of water, as well as water presence. They need water to be 
present for approximately 8–10 months of the year, and the dry time to be in the cooler 
times of the year. 

ATw* Amphibious fluctuation tolerator – woody.  This species group consists of woody 
perennial species that hold their seeds on their branches, require water to be present in 
the root zone all year round, but will germinate in shallow water or on a drying profile.  If 
they grow on floodplains, they require flooding and restoration of the groundwater 
levels on a regular basis. Intolerant of continuous flooding. 

ARp^ Amphibious fluctuation responder– plastic. This species group occupies a similar zone to 
the ATl group, except that they have a morphological response to water level changes 
such as rapid shoot elongation or a change in leaf type.  They can persist on damp and 
drying ground because of their morphological flexibility but can flower even if the site 
does not dry out.  They occupy a slightly deeper/wet-for-longer site than the ATl group. 

ARf^ Amphibious fluctuation responder– floating.  This group consists of species that grow 
underwater, float on the surface of the water or have floating leaves. They require the 
year-round presence of free water.  Many of these can survive and complete their life 
cycle stranded on the mud, but they reach maximum biomass growing in ‘open’ water all 
year round. 

Submerged^ Se* Perennial – emergent.  This category refers to woody and monocotyledonous species 
that require permanent water in the root zone but remain emergent. They thrive where 
water levels do not fluctuate or fluctuate little (i.e. stable weir pools, dams). Tolerant of 
continuous flooding. 
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Broad  

description 

PFG 
code 

Water Plant Functional Group Definition 

Sk* Submerged – k-selected.  These species require that a site be flooded to >10 cm for at 
least 6 months for them to either germinate or reach sufficient biomass to start 
reproducing sexually. Many have asexual reproduction (fragmentation, rhizomes, 
turions). Completely water dependent, true aquatic species. 

Sr* Submerged, r– selected.  These species colonise recently flooded areas.  Many require 
drying to stimulate high germination percentages, they frequently complete their life 
cycle quickly and die off naturally.  They persist via a dormant, long-lived bank of seeds 
or spores in the soil. Their habitats can be flooded from once a year to once a decade, to 
a depth > 10cm.   

 

 

 

 

 

 

 

 

 

 

 

 


