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Abstract  
Frogs are widespread through inland rivers and floodplains and are an important component of 
floodplain food chains. Despite this, studies of frog communities in inland river systems are 
limited and the impacts of river regulation on frog communities have received very little 
attention. Surveys for frogs, tadpoles and egg masses along with assessment of vegetation, 
hydrology and water chemistry were conducted along 10km reaches of three creek systems in the 
Lachlan River catchment, a major regulated river in Australia’s Murray-Darling Basin. A total of 
23 sample sites were surveyed at locations above and below in-stream weirs as well as adjacent 
floodplain depressions. The hydrological regimes of sample sites were classified according to the 
length of time that they were known to hold water (water permanence). The sample sites fell into 
two distinct categories, 14 were classified as permanent and occurred upstream of weirs while 
nine were classified as temporary and were located downstream of weirs and in depressions 
adjacent to the weir pool. Permanent sample sites had a significantly higher percentage of dead 
standing timber and were deeper with less aquatic vegetation cover than temporary sample sites.  
Seven frog species were identified; there were no significant differences in species richness 
between permanent and the temporary waterbodies but the composition of frog assemblages 
differed significantly between them. This suggests that alteration to the hydrology of inland creek 
systems can lead to changes in the distribution frog species, with some becoming more common 
due to increases in the availably of permanent waterbodies while others decline due to reductions 
in the availability of seasonally flooded waterbodies.    
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Introduction  
River regulation has a profound impact on hydrological regimes both in-stream and within 
associated floodplain wetlands (Arthington and Bradley 2003) and can lead to significant 
changes in aquatic communities (Reich et al. 2009). Despite the sensitivity of many amphibians 
to hydrological changes the impacts of river regulation on  



amphibians has received virtually no attention.   
  
In order to understand the impacts of river regulation on amphibian communities it is important 
to understand how various components of river flow influence key population processes such as 
tadpole development. Hydrological regime plays a significant role in structuring amphibian 
communities, both directly through its influence on tadpole development times and indirectly by 
structuring aquatic vegetation communities (Casanova and Brock 2000; Warwick and Brock 
2003) and predator densities (Adams 2000).  Hydrological regime is separated into three key 
components; hydroperiod, flooding frequency and seasonality of flows (Arthington and Bradley 
2003). Hydroperiod is particularly important as it  determines how long tadpoles have to reach 
metamorphosis (Babbitt and Tanner 2000).  Shortened hydroperiod can result in mass mortality 
of tadpoles and over time will exclude species with longer larval life spans (Rowe and Dunson 
1995; Ryan and Winne 2001). Extending hydroperiods increases the abundance of predators such 
as fish (Adams 2000) and reduces vegetation cover (Warwick and Brock 2003), both of which 
have the capacity to exclude species which have tadpole stages that are sensitive to predation or 
loss of cover.   
  
Aquatic and riparian vegetation provides shelter from predators and climatic extremes, acts as a 
substrate for biofilm on which tadpoles can feed, and serves as an anchor point for attaching eggs 
(Hazell et al. 2001; Brodman et al. 2003; Jansen and Healey 2003; Martin and McComb 2003). 
Frogs are most sensitive to aquatic predators during the egg and tadpole phases (Laurila and Aho 
1997; Gillespie and Hero 1999; Gillespie 2001; Baber and Babbitt 2003; Teplitsky et al. 2003). 
Fish are the most common aquatic predator and introduced fish can have very significant impact 
on recruitment success where frogs and tadpoles are predator naïve (Gillespie and Hero 1999; 
Gillespie 2001). Competition with other species of tadpole can also influence occupancy patterns 
(Bardsley and Beebee 1998; Bardsley and Beebee 2001) and in some cases predation by 
carnivorous tadpoles such as Limnodynastes ornatus can exclude sensitive frog species 
(Crossland 2000). In addition to hydrology, vegetation and predators, water quality can also play 
a role in structuring frog communities (Boyer and Grue 1995; Pollet and Bendell-Young 2000; 
Smith et al.  



2007). Tadpoles of some species are vulnerable to increases in salinity (Christy and Dickman 
2002; Smith et al. 2007) and turbidity (Vignoli et al. 2007), as well as pesticides and herbicides 
(Mann and Bidwell 2001; Boone and Semlitsch 2002; Broomhall 2002). Consideration of these 
multiple and often interacting elements is vital when assessing the impacts of river regulation on 
amphibian communities and modelling community response to environmental flows (Wassens In 
press).    
  
The westward flowing rivers of the Murray-Darling Basin in South-Eastern Australia are some of 
the most highly regulated in the world (Kingsford and Thomas 2001). In the centre  of the basin, 
the regulation of the Lachlan River, particularly diversions for agriculture and the construction of 
weirs and levees, has resulted in a substantial redistribution of water resources and decrease in 
the volumes of water entering the lower sections of the floodplain, particularly below Brewster 
Weir (Hillman and Brierley 2002). Natural river flow of the Lachlan system is characterised by 
high annual variability with relatively regular flooding interspersed with prolonged periods of 
low to no flow (Hillman and Brierley 2002).  In recent decades the construction of in-stream 
weirs coupled with reductions in flow volumes has created a longitudinal mosaic of deep 
permanent water, with shallow temporary habitats adjacent to the creek line and downstream of 
the weirs occurring only during times of high flows or heavy rainfall. In this paper we describe 
the patterns of habitat use by frogs in relation to weirs in anabranches of the Lachlan River.    
  
Methods  
Study area   
The study area is located within the mid Lachlan floodplain, in northern inland New South 
Wales. The Lachlan River originates near Gunning and flows west over 1500km terminating in 
the Great Cumbung Swamp in south west New South Wales. It is regulated by the Wyangala 
Dam (1220GL) on the main channel and Carcoar Dam (36GL) on the Belubula River tributary as 
well as by numerous weirs and the re-regulating storages of Lakes Cargelligo and Brewster, 
resulting in a significant reduction in the frequency of small and medium floods and altered 
seasonality of flows (Hillman and Brierley 2002). The high levels of hydrological modification 
have  



severely degraded the river system and the lower Lachlan River catchment is listed as an 
endangered ecological community in New South Wales (Threatened Species Conservation Act, 
1995, New South Wales).    
  
There have been no published studies of frog communities occurring within the lower Lachlan 
floodplain, but two species Litoria raniformis and Crinia sloanei are listed under the 
Commonwealth Environment Protection and Biodiversity Conservation Act and have previously 
been recorded in the region. Litoria raniformis is a wetland specialist that occupies large 
seasonally flooded wetland systems and well vegetated, slow moving rivers and streams 
(Wassens 2008). Crinia sloanei is a small frog that occurs in rain-fed and other temporary 
waterbodies (Cogger 2000). The current distribution of these two species within the Lachlan 
catchment is uncertain and it is possible that L. raniformis has recently become extinct from 
within the catchment.  
  
Frog communities were surveyed from along two anabranches of the Lachlan River in the 
mid-Lachlan valley near Condobolin as documented in (Wassens et al. 2007). Sample sites were 
located along Goobang and Yarrabandai Creek, approximately 20km east of Condobolin and 
Wallaroi Creek approximately 15 km south of Condobolin (Figure 1). The riparian vegetation 
around the creeks is dominated by River Red Gum (Eucalyptus camaldulensis) and Black Box 
(Eucalyptus largiflorens). Understory riparian vegetation is sparse and dominated by short native 
and introduced grasses with patches of bare ground and leaf litter. Cropping and livestock 
grazing occur in the surrounding areas, but grazing within the riparian zones and creek is limited. 
Where it occurred, aquatic vegetation was dominated by the native perennial rush, Cumbungi 
(Typha orientalis), the attached floating fern Nardoo (Marsilea drummondii) and the free floating 
fern (Azolla filiculoides). The permanent reaches of the creek were large extending several 
kilometres upstream of the weirs. In contrast the availability of temporary waterbodies was 
limited, often extending only a few hundred metres below the weir.   



  
Site selection  
Prior to the selection of sample sites, 10km reaches of the creeks were surveyed in order to locate 
key permanent and temporary waterbodies. As the study area was relatively dry during our 
surveys the majority of water occurred within the stream channel above each weir, small 
temporary waterbodies occurred just below each weir, we identified two back waters, and one 
wetland depression which had a lateral connection to the creek.  A total of 23 sample sites were 
selected, this included all available temporary habitats that occurred within the two reaches 
(n=9). Permanent habitat upstream of the weirs was first stratified according to water depth and 
vegetation cover and then sites were selected to represent the range of habitat types available and 
sample sites were then  randomly located sample within each type (n=14). Sample sites within 
the permanent reaches were at least 1000m apart. Temporary reaches were small and often 
occurred as a discontinuous series of small pools. As a result we sampled all available temporary 
habitats and aimed to keep sites at least 500m from one another.   
  
Frogs surveys  
Frogs and tadpoles were surveyed on all three survey occasions in 2007, January 16th and 17th, 
January 30th and 31st and March 8th and 9th.  Weather conditions during both of the January 
survey periods were warm and humid with occasional storms. The mean maximum temperature 
was 34.2 C during January and 30.9 C in March. Rainfall was limited during the three 
surveys, but the average rainfall occurring over the three month survey period was high 
compared to previous years, with 38.8 mm falling in January, 47.7 mm in February and 29.4 mm 
falling in March 2007 (Commonwealth of Australia 2009, Bureau of Meteorology).   
  
Prior to the surveys 25m survey transects were established with their start point at each of the 23 
sample points. Each transect ran parallel to the creek line along the water edge with the first 
running in an upstream direction and the second running in a downstream direction. Frog surveys 
were conducted after dark between 9pm and 3am  



along each transect. Firstly, a five-minute audio survey was conducted, followed by a 20 minute 
visual survey. Visual encounter surveys were conducted using a 30 watt spotlight along each 25m 
transect running parallel to the water’s edge and into the surrounding terrestrial habitats at each 
of the 23 sample sites (Wassens et al. 2007).  Audio surveys involved listening for the distinct 
calls of each species. All individuals sighted were classed as adult or metamorphs based on the 
presence of vestigial tail stump. We did not attempt to separate juvenile (less than 1 year old) 
frogs from adults because growth rates are highly variable between individuals (Whitaker 2001) 
and it is not possible to accurately determine whether a “juvenile” is the a product of the current 
sample year or was produced late in the previous year.    
  
Tadpole surveys  
A search for tadpoles and egg masses was conducted during the day on each of the three survey 
occasions. A 25 metre transect was established at each of the 23 sample sites running parallel to 
the water edge and extending approximately 1.5m into the water. Searches for egg masses were 
conducted along each transect, this included active searches of submerged leaf litter, sticks, and 
vegetation, all egg masses that were located where than  identified species based on their shape 
and form according to Anstis (2002). Tadpoles were collected from along the transects at 5 metre 
intervals using a soft mesh net and with the exception of Limnodynastes tasmaniensis and L. 
fletcheri which are indistinguishable as tadpoles, were identified to species according to Anstis 
(2002).   
  
Habitat condition  
Habitat surveys were conducted during the day at the sample site on each of the three survey 
occasions (Wassens et al. 2007). At each sample site, we recorded measures of water quality and 
habitat (vegetation, timber and water depth).  Water chemistry parameters were measured 
between 8.00am and 12.00pm using a hand-held meter (Hydrolab). Two replicates each of 
conductivity (mScm-1), turbidity (NTU), pH, water temperature (0C), and water depth 200cm 
from the water edge were recorded. At each sample site the percent cover of aquatic vegetation 
was estimated for 2 x 10 m  



sections across the creek. Aquatic and fringing vegetation was described in terms of the percent 
cover of floating vegetation, submerged vegetation, short emergent vegetation (vegetation less 
than 30cm above water line), tall emergent vegetation (vegetation greater than 30cm above the 
water line), dead standing and fallen timber (DST) and open water. The percent continuity of 
fringing vegetation was estimated for a 10 m section on each side of the watercourse.  
  
Data analysis  
Many of the frog species that are known to occur in the region have variable activity patterns 
which means that detection rates can change over time (Heyer et al. 1994). In order to reduce the 
possibility of false negatives, the presence or absence of individual species at each sample site 
was pooled for the three sample occasions (January 16th, January 30th and March 8th). Likewise 
the habitat and water quality data was pooled for the three survey occasions and the mean value 
was used for each sample site.   
  
Non-metric multidimensional scaling (MDS) was used to compare frog assemblages between 
creek systems and between sample sites with permanent (above the weir) and temporary (below 
weirs and backwaters) water regimes. Non-metric multidimensional ordinations were performed 
using PRIMER version 5, with Bray-Curtis similarity measures, analysis of similarities 
(ANOSIM) was used to test whether the variation in frog assemblages between treatments (site 
and water regime) was greater than the variation within the treatments (Clarke and Warwick 
1994).  General Linear Models were used to determine whether frog species richness differed 
significantly between the two creek systems and water regimes or with the interaction between 
property and water regime.   
  
Differences in the environmental variables (vegetation, water depth and water quality) between 
sites where each species was present and absent were determined using Welch modified 
Two-Sample T-Test with a Levene’s Test for Equality of Variances. Tadpoles, egg masses and 
metamorphs were relatively rare, so data for all species were pooled when describing breeding 
sites. As with the occupancy patterns of adults,  



differences in habitat and water chemistry parameters at sites where breeding activity was present 
and those where it was absent were determined using t-tests.   
  
Results  
Permanent and temporary sample sites differed significantly in terms of a number of the 
measured habitat variables. Permanent sample sites were almost twice as deep as temporary sites 
and water temperature was on average 5o C cooler (Table 1). Permanent waterbodies also 
contained lower percent cover of emergent and submerged vegetation, a higher percentage of 
dead standing timber and a higher percentage of open water than temporary ones.   
  
Description of frog populations  
A total of seven frog species were recorded over the three survey periods (Table 2). The 
composition of frog assemblages was similar between the creek systems (ANOSIM: Global R = 
0.031, p = 0.315) as was species richness (GLM: f = 0.649, p = 0.430).  Three species were 
widespread through both creek systems and over the three survey periods; Limnodynastes 
fletcheri was recorded at 87% of sample sites, Litoria peronii at 78% and Limnodynastes 
tasmaniensis at 65% of sample sites. Four species were restricted to a small number of sample 
sites; these included Litoria latopalmata, which only occurred 34% of sample sites, Crinia 
parinsignifera 13% and Limnodynastes interioris and Litoria rubella which were located at one 
sample site each. Frog assemblages in permanent and temporary waterbodies were significantly 
different (ANOSIM: Global R = 0.305, p=0.002) (Figure 2). Litoria latopalmata, Litoria rubella 
and Crinia parinsignifera all occupied temporary sample sites at significantly higher rates than 
permanent sample sites (see Table 2). In contrast Limnodynastes tasmaniensis showed a slight, 
but not significant preference for temporary sample sites, while Litoria peronii and 
Limnodynastes fletcheri were widespread and showed little preference between permanent and 
temporary sample sites (see table 2). Despite the differences in the composition of frog 
assemblages between permanent and temporary sample sites there were no significant differences 
in the species richness (GLM: f = 2.512, p = 0.129).   



  
Patterns of habitat occupancy  
The patterns of habitat occupancy by individual species were linked to hydrology as well as 
habitat features at each sample site. Sample sites occupied by Litoria peronii were significantly 
deeper (t=-4.311, p<0.000), cooler (t=2.789, p<0.032), with higher percentages of open water 
(t=-3.030, p=0.009), and greater amounts of dead standing timber (t=-2.327, p<0.043) than 
unoccupied sites.  Sample sites occupied by Limnodynastes fletcheri had a significantly higher 
percentage cover of tall emergent vegetation (t=-2.575, p<0.029) and higher conductivity 
(t=-2.389, p=0.032). Occupancy of sites by Limnodynastes tasmaniensis was not related to any of 
the measured habitat or water quality variables. Sample sites occupied by Litoria latopalmata, a 
species which occupied a higher proportion of temporary compared with permanent sample sites, 
were significantly shallower (t=3.267, p=0.004) and had a significantly lower percentage cover of 
open water (t=2.086, p<0.050) than unoccupied sample sites, Crinia parinsignifera also occupied 
sample sites that were significantly shallower (t=2.352, p<0.035) and had a greater diversity of 
microhabitats (t=-3.963, p<0.006) than unoccupied sites.   
  
Breeding sites  
Evidence of breeding, based on the presence of egg masses, tadpoles and newly metamorphosed 
frogs, was recorded for six of the seven species present, the exception being Limnodynastes 
interioris (see Table 2). Breeding activity occurred in a significantly higher proportion of the 
temporary (55%) compared with permanent sample sites (14%) (χ2 =0.001). Breeding occurred 
at a subset of sites where the adults were recorded, for example Litoria latopalmata adults were 
recorded at eight sample sites but breeding was only recorded at two of the sites. The exceptions 
were Crinia parinsignifera where breeding occurred at two of the three sites where it was 
recorded and Litoria rubella where adults and tadpoles were recorded at a single site.  Sites 
where breeding occurred shared a number of common characteristics, they were significantly 
shallower than non-breeding sites (t = 3.476, p = 0.002) and had a significantly higher percent 
cover of aquatic vegetation (t = -2.444, p = 0.032) (Figure 3).   



  
Discussion  
The construction of in-stream weirs has altered the distribution and hydrological characteristics 
of both creek systems. Permanent sample sites upstream of the weirs differed significantly in a 
number of habitat parameters compared with those downstream. Permanent reaches were deeper, 
contained less aquatic vegetation and had significantly more dead standing timber within the 
channel as a result of historical tree death due to constant inundation. The distribution patterns of 
frog species within both creek systems did, to some extent mirror these differences in habitat and 
hydrology and some species exhibited a clear preference for temporary sample sites. 
Interestingly, none of the species identified in this study occupied permanent sites at significantly 
higher rate than temporary ones, that is, no species showed a clear preference for permanent 
sample sites and those that did occur in permanent sites were just as likely to occur in temporary 
sites. While there were no significant differences between the species richness of permanent and 
temporary sample sites, the temporary sample sites were more likely to contain rare species such 
as Litoria rubella, and in this respect made a greater contribution to the overall species richness 
of the creek systems. This supports findings from international studies which have shown that 
many amphibians have a preference for temporary and seasonally waterbodies, while permanent 
waterbodies are often dominated by widespread generalist species (Griffiths 1997; Babbitt and 
Tanner 2000; Beja and Alcazar 2003).   
  
The habitat characteristics of sample sites occupied by each species differed from those where 
they were absent on all three survey occasions.  Crinia parinsignifera, Litoria latopalmata and 
Limnodynastes fletcheri all exhibited a strong preference for sample sites which contained a high 
percentage cover of aquatic vegetation or in the case of Crinia parinsignifera a high diversity of 
aquatic vegetation. Crinia parinsignifera and Litoria latopalmata were most likely to occur in 
temporary waterbodies, but both occupied permanent sites which were shallow with abundant 
vegetation. Aquatic and fringing vegetation is important to frogs during both their adult and 
tadpole stages (Vignoli et al. 2007; Mac Nally et al. 2009; Purrenhage and Boone 2009) and has 
been shown to influence the distribution of Crinia  



parinsignifera and Limnodynastes fletcheri in other regions (Healey et al. 1997). Aquatic 
vegetation cover and complexity has also been shown to decrease with increasing water 
permanence and depth (Casanova and Brock 1999; Casanova and Brock 2000; Warwick and 
Brock 2003). In this respect, reductions in aquatic vegetation cover following the construction of 
in-stream weir may be a significant factor driving changes in frog community composition within 
regulated creek systems.    
  
Breeding activity was recorded for six of the seven species present. The distribution of suitable 
breeding sites through both creek systems was limited and widespread species such as 
Limnodynastes fletcheri, Limnodynastes tasmaniensis and Litoria peronii were only recorded 
breeding at a small subset of occupied sites. Despite differences in the distribution and habitat 
preferences of adults, breeding sites were similar for all species; they were shallow and contained 
abundant aquatic vegetation. The majority of these sample sites were temporary, although 
shallow, well vegetated permanent sample sites were also used for breeding. Aquatic vegetation 
plays a number of important roles in amphibian reproduction; it is used as an anchor point to 
attached eggs (Anstis 2002), shelter from predators (Denton and Beebee 1997; Babbitt and 
Tanner 2000; Egan and Paton 2004) and also acts as a food source through direct input of organic 
material as well as acting as a substrate for the growth of biofilms (Kupferberg et al. 1994; 
Flecker et al. 1999).  Temporary waterbodies may also have lower predator densities than 
permanent waterbodies which increases the suitability as breeding habitats (Healey et al. 1997; 
Laurila and Aho 1997; Baber and Babbitt 2003; Vredenburg 2004).    
  
The hydrological regimes of river and creek systems throughout the Lachlan catchment have 
been substantially modified through large-scale regulation of floodwaters and the local 
construction of weirs (Hillman and Brierley 2002). Both creek systems studied here were 
dominated by permanent waterbodies upstream and short hydroperiod temporary waterbodies 
downstream of weirs. Prior to regulation the hydrological regimes of both creek systems was 
characterised by more variable water levels and a greater availability of large flooded wetlands 
(Hillman and Brierley  



2002). While the some of the species identified in this study such as Limnodynastes fletcheri and 
Litoria peronii are widespread through permanent reaches of the creek systems, these results 
suggest that these areas are less likely to support breeding than temporary reaches.  As a further 
complication, the hydroperiods of the temporary sample sites were short and a number dried up 
by late summer. In these instances it is unlikely that tadpoles survived to reach metamorphosis. 
Many frogs breed opportunistically within temporary waterbodies, but recruitment failures are 
very common (Williamson and Bull 1999; Mac Nally et al. 2009). While our results suggest that 
permanent waterbodies are not highly suited for frog breeding, it is not possible to determine if 
the temporary sites currently support sufficient levels of recruitment to maintain viable 
populations.   
  
One of the main limitations of this study is the potential differences in tadpole detection rates 
between permanent and temporary waterbodies.  Very few Australian studies of habitat 
occupancy patterns include tadpoles and there have been no studies which explicitly address 
differences in tadpole detection rates between species or wetland types.  However non-detection 
of tadpoles within permanent reaches of creek systems is consistent with results from more 
intensive studies of wetlands and water storages along the lower Murrumbidgee River (Spencer 
and Wassens 2009).  Using a combination of  large and small fyke nets, seine netting, bait traps 
and sweep netting to collect tadpoles and fish, this study also found that tadpoles were absent 
from open permanent waterbodies similar to those included in this study. The timing of surveys 
may have also affected the outcomes of this study; these surveys were timed to coincide with a 
small in-stream flow which commenced in mid January 2007. Surveys conducted at this time of 
year may under represent winter and spring active species such as Limnodynastes interioris and 
Crinia parinsignifera, while over representing summer active species such as Litoria peronii.  
  
Management implications  
Numerous studies of pond breeding amphibians have demonstrated their high levels of sensitivity 
to hydrological regime (Babbitt and Tanner 2000; Greenberg 2001; Skelly 2001; Brodman et al. 
2003). This study indicates that hydrological regime also  



plays a central role in structuring frog communities in regulated creek and river systems. The 
distribution patterns observed in this study are in keeping with observations of the impact of river 
regulation on other water dependant taxa, including fish (Gehrke et al. 1999; Humpheries et al. 
2002), aquatic macroinvertebrates (Growns and Growns 2001; Vallania and Corigliano 2007) 
and waterbirds (Salek et al. 2007). While data on the impacts of river regulation on amphibians is 
limited, it has been implicated in declines of Litoria raniformis which has disappeared from 
former habitats within the Lachlan Catchment (Wassens 2008)  and is may have contributed to 
declines of Litoria caerulea.  
  
The management of environmental flooding to maintain viable frog communities is complicated 
because the past and present distribution, habitat preferences and breeding biology of many 
species occurring in inland regions are very poorly understood. This study indicates that while 
adult frogs may occupy a range of aquatic habitats, successful recruitment is linked to the 
provision of temporary or well vegetated permanent waterbodies. Present water management 
within these creek systems is conservative and focuses on maintaining permanent water within 
the weir pools. This approach benefits some taxa, particular native fish and may provide habitat 
for  adult frogs during extended drought periods, however it does not provide the range of 
habitats required to support breeding by all species present and in the longer term could 
contribute to declines of sensitive species. Increasing the volume of water that spills over weirs 
will increase the area of temporary habitats as well as creating temporary waterbodies with 
longer hydroperiods which will benefit the species that rely on these waterbodies.    
  
This study demonstrates that river regulation can lead to changes in composition of frog 
communities at small temporal and spatial scales. Given the diversity of habitats occupied by 
amphibians and the wide ranging impacts of river regulation, larger scale studies are required in 
order to better understand amphibian ecology in regulated rivers and to plan environmental water 
allocations that encompass the requirements of a range of riverine taxa, including amphibian.  
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Table 1. Comparison of mean (± Standard Error) habitat and water chemistry parameters in 
permanent and temporary waterbodies and General Linear Model (GLM) test for significant 
differences between permanent and temporary sample sites.  

 
  

  Permanent  Temporary  GLM    
  Mean (SE)  Mean (SE)  F  Sig.  
Turbidity mean  27.742 (1.441)  45.787 (11.257)  3.942  0.060  
Conductivity 
(mS/cm)  

0.571 (0.053)  0.644 (0.062)  0.774  0.389  

pH  7.505 (0.034)  7.647 (0.171)  1.002  0.328  
Water 
temperature  

26.334 (0.534)  31.567 (1.482)  14.999  0.001  

Water depth (cm)  45.417 (4.717)  21.991 (6.320)  9.116  0.007  
Number of 
microhabitats  

4.524 (0.248)  3.963 (0.383)  1.660  0.212  

% cover open 
water  

63.690 (6.656)  40.556 (7.963)  4.876  0.038  

% cover floating 
vegetation  

19.048 (7.132)  27.130 (9.398)  0.481  0.496  

% cover tall 
emergent 
vegetation  

19.107 (5.087)  14.537 (7.276)  0.282  0.601  

% cover short 
emergent 
vegetation  

1.786 (1.011)  10.694 (4.946)  4.689  0.042  

% cover 
submerged 
vegetation  

2.202 (0.669)  12.546 (5.795)  4.924  0.038  

Continuity of 
fringing 
vegetation  

12.417 (2.075)  4.907 (2.967)  4.575  0.044  

Dead standing 
  

10.161 (1.403)  5.278 (1.359)  5.586  0.028  

     
  

 
  

      
 

  

          

           

   
          

           
 

  
          

           
 
  

          

           
 
  

          

           

 

  

          

           

 
  

          



  
Table 2. The number of permanent and temporary sample sites occupied by each species over the 
three survey periods. The presence of breeding is based on the occurrence of egg masses, 
tadpoles or metamorphs within the site. χ2 sig. shows the significance value of the Chi square 
test comparing the relative proportions of permanent and temporary sites occupied by adults of 
each species.   
  

 
  

  Permanent  Temporary  GLM    
  Mean (SE)  Mean (SE)  F  Sig.  
Turbidity mean  27.742 (1.441)  45.787 (11.257)  3.942  0.060  
Conductivity 
(mS/cm)  

0.571 (0.053)  0.644 (0.062)  0.774  0.389  

pH  7.505 (0.034)  7.647 (0.171)  1.002  0.328  
Water 
temperature  

26.334 (0.534)  31.567 (1.482)  14.999  0.001  

Water depth (cm)  45.417 (4.717)  21.991 (6.320)  9.116  0.007  
Number of 
microhabitats  

4.524 (0.248)  3.963 (0.383)  1.660  0.212  

% cover open 
water  

63.690 (6.656)  40.556 (7.963)  4.876  0.038  

% cover floating 
vegetation  

19.048 (7.132)  27.130 (9.398)  0.481  0.496  

% cover tall 
emergent 
vegetation  

19.107 (5.087)  14.537 (7.276)  0.282  0.601  

% cover short 
emergent 
vegetation  

1.786 (1.011)  10.694 (4.946)  4.689  0.042  

%  
 
  

2 202 (0 669)  12 546 (5 795)  4 924  0 038  

  
 

  

          

  
  

          

     
  

 
  

      
 

  

          

           

   
          

           
 

  
          

           
 
  

          

           
 
  

          

           

 

  

          


