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Abstract 

Habitat loss and change are major contributors to the global decline of frog 

populations. In riverine and floodplain environments water diversion and extraction 

(regulation) can change the character of aquatic habitat and reduce the availability of 

freshwater. In semi-arid areas these changes to the availability of water can have 

profound impacts on the persistence of frog communities. This thesis is focused on the 

frog communities in riverine and floodplain habitats, excluding rain-fed wetlands, of 

the semi-arid Lachlan Catchment of New South Wales, Australia. It examines the 

relationship between frog communities and freshwater floodplain and riverine habitat 

at multiple spatial and temporal scales. Examining these relationships across more 

than one scale allows for interactions to be identified that are often not all considered 

when studies are limited to one scale. This can then provide greater insight for the 

management of floodplain and riverine habitat in semi-arid regions for frogs through 

the increased understanding of how they interact with factors at multiple scales. 

Surveys to examine frog communities in the Lachlan were undertaken across two field 

seasons at two spatial scales. A broad scale survey (49 sites) was conducted across the 

mid and lower Lachlan Catchment over four survey periods in September 2012, 

November 2013, February 2013 and April 2013. Calling activity in response to climate 

was collected from automated call recorders installed at ten sites, for periods of one 

and a half to five months between 2010 and 2013. Microhabitat use was investigated 

at six sites, in September and October 2013.  

Limnodynastes fletcheri, Crinia parinsignifera, Litoria peronii, Litoria latopalmata and 

Litoria rubella were detected throughout the survey area in the mid and lower Lachlan. 

Habitat occupancy models were developed using the program Presence, considering 

detection probability. Water was a dominant driver of occupancy, with Lim. fletcheri 

and Lit. peronii having positive relationships with increasing open water in the top 

models (within 2 AIC). Litoria latopalmata also occurred at sites with a longer 

hydroperiod and Lit. rubella had a higher probability of occurring at streams, often 

perennial due to regulation, in the mid Lachlan. Frogs within the region were also 

primarily detected when sites were inundated. Upon site drying, sites were surveyed 

on one more occasion and not re-surveyed unless inundated again. Region, the mid or 
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lower geographic region of the Lachlan Catchment, was present in the top models 

(within 2 AIC) for Crinia parinsignifera, Lit. latopalmata and Lit. rubella. Occupancy by 

C. parinsignifera, Lit. peronii, Lit. latopalmata and Lit. rubella all had a negative 

relationship with vegetation categories. 

The probability of calling for four common species, L. tasmaniensis, C. parinsignifera, 

Limnodynastes interioris and Lit. peronii was estimated from automated call recording 

data collected between 2010 and 2013 at 10 sites. Rainfall in the last seven days, 

temperature and decreasing moon illumination featured in top models for L. 

tasmaniensis and C. parinsignifera, while Lim. interioris calling probability was strongly 

influenced by rainfall in the last seven days and to a lesser extent decreasing moon 

illumination. Litoria peronii was strongly driven by increasing temperature with 

probability of calling not increasing above 0.5 until temperatures reached around 20°C. 

The availability of suitable microhabitats such as vegetation, cover/coarse woody 

debris, soil cracks and holes may support the persistence of frog populations in semi-

arid areas, particularly during periods when wetlands are dry. The diurnal, terrestrial 

microhabitat use by L. tasmaniensis was investigated at six sites between September 

and October 2013. Frogs were tracked using fluorescent tracking powder and, based 

on availability, were found to use soil based microhabitat significantly more often than 

vegetation and coarse woody debris. Soil-based microhabitats (soil cracks/ burrows) 

were chosen at 64 of 92 locations. Twelve, 36mm and 25mm agar frog models of each 

size were also placed in open, soil-based, cover and in vegetated microhabitat types in 

September and October 2013, to assess evaporative water loss conditions over time. 

The rate of evaporative water loss of agar frog models among microhabitat types was 

significantly different, with soil cracks having the lowest mean loss. 

The four research chapters of this thesis, demonstrate that frog species in the Lachlan 

Catchment of NSW interacted with environmental factors across a range of physical 

and temporal scales. This study focused on species that are commonly associated with 

riverine and wetland habitats, and did not consider species that utilise rain-fed water 

bodies. Each individual frog species had their own specific relationship with the 

environmental factors studied. However, in the semi-arid landscape, the availability of 

water was often the key driver of occupancy, calling and microhabitat use. This thesis 
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highlights which of these variables are most important to help inform and improve 

management of wetland and riverine habitat that these frog species rely on. 
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1 Introduction 

 Importance of frogs 

Frogs are impacted by multiple, sometimes confounding processes that influence their 

survival and are leading to a global decline (Gillespie et al., 2015, Brühl et al., 2013, 

Collins and Storfer, 2003, Blaustein and Kiesecker, 2002, Alford and Richards, 1999). 

Declines have been recorded in disturbed and undisturbed habitats and have affected 

rare and widespread species (Petrovan and Schmidt, 2016, Osborne et al., 1999, 

Mahony, 1996, White, 1995, Pechmann and Wilbur, 1994).  

In Australia in 2016, of the 240 known frog species, four extinct, five critically 

endangered, 14 endangered and 10 vulnerable species are listed on the Environmental 

Protection and Biodiversity Conservation Act (EPBC 1999). Land-use change and 

habitat modification are key threats to Australian frog species (Bishop-Taylor et al., 

2015, Hamer and Parris, 2011, Hero and Morrison, 2004, Hazell, 2003, Jansen and 

Healey, 2003). The implementation of European land-use approaches has degraded 

their habitat (Hazell, 2003) via land clearing, engineered modifications (e.g. weirs), 

harvesting for water and impacts associated with domestic livestock (Hero and 

Morrison, 2004, Hazell et al., 2003, Jansen and Robertson, 2001). Exotic fish 

introductions have increased the stress on amphibian populations (Shulse and 

Semlitsch, 2014, Gillespie and Hero, 1999) and the amphibian Chytrid fungus 

(Batrachochytrium dendrobatidis) is also listed as a key threatening process for 

amphibians by the Australian Government (Berger et al., 1998).  

Regulating and altering water flow within riverine and flood-plain ecosystems is a 

serious threat to aquatic environments and species (Blann et al., 2009, Hazell et al., 

2003). Alterations to rivers and streams through dam construction and operation, 

water diversion, and draining or impounding floodplain habitats has led to the 

degradation of ecosystems (Poff et al., 2007, Lytle and Poff, 2004, Arthington and 

Pusey, 2003). Human water-use is the main factor influencing the regulation of flows, 

with agriculture, flood control, hydroelectricity generation and multiple other human 

activities heavily relying on water management (Lytle and Poff, 2004, Kingsford, 2000, 

Sparks, 1995). In Australia, there are 446 dams on major rivers resulting in the highest 
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per capita water storage capacity in the world with 79% of stored water being used for 

irrigation (Arthington and Pusey, 2003, Kingsford, 2000). It has been recognised that to 

maintain good condition in riverine and floodplain ecosystems, natural flow regimes 

need to be re-instated (Arthington et al., 2006, Lytle and Poff, 2004). This includes the 

natural perturbations that occur in wetlands, such as flooding and drying events (Brock 

et al., 2003, Gunderson, 2000, Rejmánková et al., 1999).  

The control or alteration of flow has led to a loss of connectivity between rivers and 

wetlands via a decrease in flooding (Hillman et al., 2003). This can impact the 

movement and recruitment of organisms such as amphibians that rely upon the ability 

to make longitudinal movements along streams, and lateral ability to move between 

river and floodplain habitat over land (Bishop-Taylor et al., 2015). This connectivity 

improves the capacity of organisms to move freely and breed within aquatic habitats 

(Lyon et al., 2010, Jenkins and Boulton, 2003, Bunn and Arthington, 2002). Natural 

flood events improve lateral connectivity by filling surrounding wetlands and 

floodplains creating spawning, nursery and foraging habitat for many organisms (Bunn 

and Arthington, 2002, Galat et al., 1998). Overbank flooding is important for the 

overall condition of riverine and floodplain ecosystems (Phelps et al., 2015, Page et al., 

2005, Galat et al., 1998). Although natural periods of drought disrupt this connectivity, 

flow regulation reduces lateral connectivity significantly by stabilising river levels and 

preventing overbank flooding (Lake, 2003, Galat et al., 1998). This can lead to a 

decrease in the recruitment of species and population decline, or the isolation of 

organisms such as fish in habitats that become disconnected (Lyon et al., 2010, Bunn 

and Arthington, 2002). 

In a setting where water has become increasingly more regulated and controlled, 

improving the understanding of the relationship between the availability of aquatic 

habitats and semi-arid frog communities is of major importance to biodiversity 

conservation. Such research is vital for the management of environmental water in 

riverine and floodplain habitat to provide appropriate conditions for the persistence of 

frog populations. This increased understanding, gained not just from this thesis but 

other studies occurring throughout the Murray-Darling Basin, will help halt or reverse 

the loss of riverine species richness and diversity throughout Australia. In other parts 
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of Australia, the halt and reverse in decline has been seen in alpine species impacted 

by amphibian Chytrid fungus (Scheele et al., 2017) 

This introduction provides the broad context for the thesis. Each data chapter has its 

own introduction that provides a more detailed context for the research presented in 

the chapter, and its own discussion. 

 Context of thesis 

Australian semi-arid riverine and floodplain wetlands support a diversity of amphibian 

species, including currently threatened species such as the Southern Bell frog, Litoria 

raniformis (Ocock et al., 2016, Wassens and Maher, 2011, Wassens, 2008, Wassens et 

al., 2008). The ecology and habitat requirements of many floodplain-dependent frog 

communities in semi-arid environments is underrepresented in the literature. Studies 

that have been completed within the Murray-Darling basin so far have looked at 

movement, relationships with wetland conditions and occupancy on a regional scale or 

smaller (Ocock et al., 2016, 2014, Wassens et al., 2011, Wassens et al., 2010, Wassens 

et al., 2008, Jansen and Healey, 2003). This thesis adds to this literature by describing 

frog habitat occupancy on a broader scale across two regions within the Lachlan 

Catchment, but also looks at microhabitat use within semi-arid wetlands on which 

there is limited knowledge. Currently, only two published studies exist on frogs for the 

Lachlan Catchment, both focussing on the mid-Lachlan (Wassens and Maher, 2011, 

Rowley et al., 2005). The study by Rowley et al, 2005 is a brief survey from one rain 

event that does not provide broad insight into the frog communities in the Lachlan 

region. Previous to my study, there were very few frog surveys in the mid to lower 

Lachlan and none on a broad scale. 

The research within this thesis occurs across a range of spatial and temporal scales. 

Spatially, the study considers drivers of frog occupancy at the regional scale and 

considers features of aquatic habitats that influence the probability of occupancy. On a 

smaller spatial scale, microhabitat requirements of the ground frog species  

L. tasmaniensis is considered. Temporally, I examine frog calling on a daily basis 

throughout different years and the relationship between changing environmental 

factors and the likelihood of calling. A background chapter (Chapter two) that includes 
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a description of the Lachlan Catchment study area and its frog populations precedes 

the four results chapters.  

Ecological processes can occur at a single scale or across multiple scales, and studies 

on amphibians indicate that their presence is influenced by factors at both landscape 

and local scales. This highlights the importance of considering a range of scales in 

studies (Bosch and De la Riva, 2004, Pope et al., 2000, Knutson et al., 1999, Wiens, 

1989). Scales for my project include catchment (defined by catchment borders), region 

(lower, mid and upper river regions, which often differ in geomorphology and local 

climates), neighbourhoods or landscape (a collection or mosaic of habitat patches), 

and finally habitat patch (local) (defined by the wetland or aquatic habitats shoreline, 

including the immediate surrounding riparian vegetation) (Wassens, 2010, Allan and 

Johnson, 1997, Dunning et al., 1992). Chapter three describes large (region-wide), 

medium (wetland surrounds) and small scale (e.g. local vegetation) factors that drive 

frog species occupancy within the lower and mid Lachlan Catchment.  

Chapter four examines factors that promote the calling of frog species in the lower 

Lachlan on a daily basis at inundated sites. Calling is an important indication of 

attempted breeding and calling responses can vary greatly between species (Lemckert 

et al., 2013, Oseen and Wassersug, 2002, Brooke et al., 2000, Navas, 1996). The calling 

patterns of four species were examined in relation to local environmental conditions 

including, temperature, rainfall in the last seven days, and moon illumination across 

the regional scale.  

Chapters five and six examine fine-scale, terrestrial microhabitat use to increase 

understanding of how frogs persist at semi-arid wetlands during dry conditions.  

Semi-arid environments present a range of challenges for frogs, principally due to the 

permeability of their skin and the subsequent risk of dehydration. In semi-arid regions, 

frogs are exposed to drying from the air as well as high temperatures and low humidity 

that impact water loss (Navas et al., 2004, Warburg, 1965). Terrestrial habitat is 

considered to be an important refuge for adult frogs and the characteristics of 

microhabitats such as moisture level, substrate type and proximity to water are 

believed to impact microhabitat use by frogs (Garnham et al., 2015, Smith et al., 2003, 

Lemckert and Brassil, 2000). I examine various types of microhabitat, including soil 
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based microhabitat and deep soil cracks, vegetation and coarse woody debris, and its 

importance for frog species.  

The thesis ends with a short conclusion/synthesis chapter (Chapter seven). 
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2 Area Description 

 Introduction 

The mid and lower Lachlan Catchment consists of a range of hydrological and 

geographical landscape types that support a range of different frog species. The 

Lachlan Catchment is part of the Murray-Darling basin and is 84 700km2, with the 

trunk stream beginning in the Southern Highlands in the east and terminating in the 

Great Cumbung Swamp in the west (Figure 2-1). It is approximately 550km long 

(Hillman et al., 2003). The Lachlan River has undergone significant hydrological change 

due to the construction of dams and weirs, and subsequent regulation has resulted in 

a substantial decrease in flows that reach the lower floodplains, particularly below 

Brewster Weir (Wassens and Maher, 2011, Hillman et al., 2003).  

The Lachlan Catchment has strong seasonal variability in flow, with periods of extreme 

dry interspersed with periods of extensive flooding (Hillman and Brierley, 2002). In 

March 2012, a large flow event occurred across the Lachlan Catchment, filling the 

majority of aquatic habitats within the Catchment. This followed a prolonged dry 

period between 2000 - 2010 during which flows ceased below Condobolin (State 

Water Corporation, 2010). Significant rainfall in 2010 and 2011 also resulted in large 

flow events across the Lachlan Catchment (Figure 2-2). 

Surveys throughout the Lachlan Catchment are limited, but five frog species listed 

under the NSW Threatened Species Conservation Act (1995) have been recorded in the 

area. This includes the Southern Bell Frog, Litoria raniformis, last recorded around 

Booligal wetlands and Oxley area in the 1970s (Wassens, 2008). Wassens and Maher 

(2011) surveyed Goobang, Yarrabandai and Wallaroi Creeks around Condobolin in the 

mid Lachlan, the area above Lake Cargelligo to Wyangala Dam, in 2007, and detected 

the common species Limnodynastes fletcheri, Limnodynastes tasmaniensis and  

Litoria peronii. They also detected the relatively common species  

Limnodynastes interioris, Litoria rubella, Litoria latopalmata and Crinia parinsignifera 

at a smaller number of sites (Wassens and Maher, 2011). A brief survey by (Rowley et 

al., 2005) after extensive rain around Parkes in the mid Lachlan also detected a 

number of burrowing and non-burrowing species, Crinia sloanei,  
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Cyclorana platycephala, Lim. interioris, Lim. tasmaniensis, Litoria caerulea,  

Lit. latopalmata, Lit. peronii, Lit. rubella, Neobatrachus sudellae, Notaden bennetti and 

Uperoleia rugosa. 

There are limited data on frog communities in the lower Lachlan, the area from Lake 

Cargelligo down to terminal wetland the Great Cumbung Swamp. However,  

Litoria raniformis has been recorded as well as the threatened species Crinia sloanei 

(Wassens and Maher, 2011, Wassens, 2008, NSW Office of Environment and Heritage's 

Atlas of NSW Wildlife). Some of the species that were detected at a large percentage 

of sites by Wassens and Maher (2011) and Rowley et al (2005) in the mid Lachlan have 

ranges that extend to the lower Lachlan (Appendices 1-3) (Anstis, 2013, NSW Office of 

Environment and Heritage's Atlas of NSW Wildlife). Since 1980, thirteen species have 

also been recorded in the Atlas of Living Australia across the mid and lower Lachlan. 

These are Crinia parinsignifera, Crinia signifera, Crinia sloanei, Cyclorana platycephala, 

Litoria caerulea, Litoria ewingii, Litoria latopalmata, Litoria peronii, Litoria raniformis, 

Litoria rubella, Uperoleia capitulata, Uperoleia laevigate and Uperoleia rugose. 

Uperoleia capitulate primarily occurs within the Bullo River drainage system in south-

western Queensland and Litoria ewingii and Uperoleia laevigate have geographic 

ranges that do not cross into the mid or lower Lachlan regions (Anstis, 2013). 

This chapter aims to give a brief introduction on the back ground of the mid and lower 

Lachlan Catchment study area and the frog populations within it. It summarises the 

results of the 2012-2013 broad-scale frog survey conducted as part of this study and 

describes the different types of habitats surveyed.
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 Methods 

2.2.1 Survey area 

Surveys were completed at 49 sites in the mid and lower Lachlan Catchment from the 

top of the Great Cumbung Swamp in the west to Condobolin in the east (Figure 2-1). 

They were conducted during the 18th– 27th of September, 15th– 26th of November 

2012, 11th– 22nd of February and 19th– 27th of April 2013 (Figure 2-2). Sites included 

rivers, perennial and non-perennial creeks and wetlands. These were surveyed across a 

variety of tenures, including National Parks and reserves, private properties, travelling 

stock routes and road side areas. Sites were always surveyed if wet; upon drying they 

were surveyed on one more occasion and not re-surveyed unless inundated again. Of 

the 49 sites across both mid and lower regions, 26 were primarily river red gum or 

black box, 10 lignum, 10 emergent aquatic vegetation such as spike rush and reeds and 

three open water. There was a significant difference in wetland size between the mid 

and lower Lachlan. Lower Lachlan wetlands ranged from approximately 28ha to 

1455ha whilst the mid Lachlan wetlands were 17ha or smaller, excluding creeks (Plate 

2-1(a-b), Plate 2-2(a-b), Plate 2-3(a-b), Plate 2-4(a-b)) 
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Figure 2-1: Map of sites across the mid and lower Lachlan Catchment
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River regulation has also had a large impact within the lower Lachlan with a decrease 

in overbank flooding (Wassens and Maher, 2011, Hillman et al., 2003). In Figure 2-2, 

the difference in water levels is evident, as Condobolin stream levels, representative of 

the mid Lachlan, have much larger peaks overall and had a much higher peak in 2005 

than Booligal, which is representative of the lower Lachlan. 

The Lachlan Catchment is characterised by large seasonal variability, including regular 

flood events; however, between 2000 to 2010 the Catchment experienced an 

extended dry period in which flows ceased below Condobolin (State Water 

Corporation, 2010). This was followed by a series of high flows in 2010- 2011 and 2012 

(Figure 2-2). The flood that occurred in March 2012, although it followed on from 

previous flooding in the summer of 2010- 2011, is not common (the last flood of a 

similar magnitude occurred pre 2000; Figure 2-2). 

Although the lack of large flood events in recent times is predominantly due to the 

millennium drought, which occurred between 2001 to 2009 and is believed to be the 

worst drought recorded for south-east Australia (Dijk et al., 2013), long periods of dry 

are not uncommon in semi-arid regions. The broad-scale survey occurred after a 

period of extended drying followed by major flooding which may have reduced frog 

populations and influenced the distribution of frog species. 

 
Figure 2-2: Mean stream levels at Condobolin and Booligal from 1st January 1998 to 30th December 2013. 
September 2012- April 2013 survey period 
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2.2.2 Frog, tadpole and fish surveys 

Adult frogs and metamorphs were surveyed for 20 minute periods, separated into five 

minute sections for data entry, starting 15-30 minutes after sunset. Searches were 

conducted using a 25 watt spotlight in a one metre wide transect along the water’s 

edge, searching to two metres either side in surrounding habitat. Species type, life 

stage and number found were recorded within this period. Aural surveys were also 

conducted via a count at 25 metre intervals recording species type (identification by 

call) and estimating the number of individuals per species calling. The direction the call 

or calls were coming from was estimated so as to reduce the risk of double counting 

calls when counting individuals, or overestimating group numbers. Single individuals 

were counted per species up to 10 individuals calling. Counts were then grouped into 

15, 25, 50, 75, 100 and 150+ based on an estimate of the collective chorus of each 

species.  

Tadpoles and small-bodied fish were surveyed using hand-held sweep netting. This 

was completed during the day using a sweep net with dimensions 35cm x 50cm at the 

opening, with a mesh size 2mm x 3mm. Sweeping was conducted in five x one minute 

timed periods in a 10m x 10m square with a focus on habitat areas most typically 

occupied by tadpoles, for example, coarse woody debris and/or aquatic vegetation. 

Tadpoles collected were identified using Anstis (2002), that uses (Gosner, 1960) and 

life stage and total numbers found were recorded. Tadpoles were returned to the 

same location in the same water body immediately after being counted and life stage 

recorded. All fish were identified using (Lintermans, 2007) and counted; standard 

length (mm) was recorded for a sub-sample of 10 individuals from each net. It is not 

possible to determine between carp, Cyprinus carpio, and gold-fish, Carassius auratus, 

<25mm so they were grouped together below this size. Native fish were returned to 

the same location in the same water body immediately after being counted and 

measured. Alien species were euthanized according to NSW Fisheries ACEC guidelines. 

High numbers of alien species were not captured, which is typical of the sampling 

method of sweeping. 
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2.2.3 Biophysical surveys 

Site region 

Sites were categorised based upon the region they were located in; mid Lachlan, from 

Lake Cargelligo and above, or lower Lachlan, Lake Cargelligo down (Figure 2-1). The 

lower Lachlan consists of larger, more ephemeral, wetlands and creeks that are often 

lignum dominated with little standing timber. Those wetlands that do contain standing 

timber are larger than the mid Lachlan with timber and water distributed over a much 

greater area, and are often only inundated when moderate to large scale flooding 

occurs (Plate 2-1(a-b), Plate 2-2(a-b), Plate 2-3(a-b), Plate 2-4(a-b)). River regulation 

has also had a greater impact within the lower Lachlan with a decrease in overbank 

flooding (Wassens and Maher, 2011, Hillman et al., 2003)
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a)

 

b) 

 
 

Plate 2-1 (a-b): Lower Lachlan photos: a) Murrumbidgil Swamp, lower Lachlan, September 2012 b) Murrumbidgil Swamp aerial view, Google earth V7.1.1.1888. (29th September 2013). 
Murrumbidgil Swamp. 33⁰52’35.58”S 144⁰38’33.03”E, Eye alt 4.41km. Digital Globe 2014. http://www.earth.google.com [13th November 2014] 
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Plate 2-2 (a-b): Lower Lachlan photos: a) Lake Merrimajeel, lower Lachlan, September 2012 b) Lake Merrimajeel aerial view, Google earth V7.1.1.1888. (29th September 2013).  
Lake Merrimajeel. 33⁰53’3.51”S 144⁰37’40.14”E, Eye alt 4.41km. Digital Globe 2014. http://www.earth.google.com [13th November 2014]  
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b)

 
 

 
Plate 2-3 (a-b): Mid Lachlan photos a) Booberoi Station 1, mid Lachlan, November 2012 b) Booberoi station 1 aerial view, Google Earth V7.1.1.1888. (15th October 2013). Booberoi Station 1. 
33⁰03’19.51”S 146⁰36’05.38”E, Eye alt 1.04km. CNES/ Astrium 2014. http://www.earth.google.com [13th November 2014] 
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a) 

 

b) 

 
 

 
Plate 2-4 (a-b): Mid Lachlan photos a) Kiacatoo oxbow, mid Lachlan, September 2012 b) Kiacatoo oxbow aerial view, Google Earth V7.1.1.1888. (4th October 2013). Kiacatoo. 33⁰02’47.33”S 
146⁰45’57.60”E, Eye alt 1.05km. CNES/ Astrium 2014. http://www.earth.google.com [13th November 2014] 
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Surrounding water bodies 

The percentage cover of surrounding water bodies was calculated within a one km 

buffer surrounding each site. At creek lines, the buffer centre was from the survey 

start point; at wetlands, the centre of the water body was used. The percentage cover 

of surrounding water bodies, including dams, was then calculated using ArcGIS 

Desktop: Release 10.2.2. using the following data file; New South Wales Hydro  

[Data file]. 2010. New South Wales Digital Topographic Database (DTDB). Department 

of Information Technology and Management (LPI). Made available to: Spatial Data 

Analysis Network, Charles Sturt University.  
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Vegetation 

Vegetation transects accounted for aquatic and riparian vegetation present at each 

site. Transects were spaced 20 m apart with 1-3 transects per site depending on the 

size of the water body. Sites that had a shore line of <20m in length had one transect, 

sites 20-60m had two transects and sites >60m had three transects. Transects were 

two metres wide and cut directly across the water body, starting from five metres out 

of the shore and finishing on the other side of the wetland, creek line or at the furthest 

visible point. In each transect, the most prevalent aquatic and semi-aquatic vegetation 

types, greater than 10 percent, were identified to species and the percentage cover of 

each species recorded from visual observation; less dominant species were classified 

into broad categories (terrestrial and fringing vegetation, tall emergent aquatic 

(>50cm), short emergent aquatic (<50cm), broadleaf emergent, attached floating, free 

floating, submerged aquatic). Semi-aquatic vegetation occurred both in water and 

terrestrially. Percent cover of litter, bare ground, coarse woody debris (includes logs, 

sticks and litter), and open water were also recorded. The number of standing timber, 

a count of the number of vertical trees, both dead and alive (classified by state of tree), 

was recorded for each transect during the first survey period. Graph of results in 

Appendix 4. 

Water quality 

Water quality was measured at three different locations at each site on each survey 

occasion. Five water quality variables were measured; temperature (°C), conductivity 

(mScm-1), dissolved oxygen (mg/L), pH and turbidity (NTU). Measurements were made 

using a handheld YSI, a multi-parameter water quality meter, within 2-3m of each 

other. Depth ranged from 0.4-1.5 metres. Graph of results in Appendix 5. 

Site hydrology 

Sites were then categorised based upon their hydroperiod, the duration a habitat’s 

surface is inundated; permanent (Plate 2-5(a)), long >10 months (Plate 2-5(b)) and 

short <10 months (Plate 2-6). The hydroperiod of each wetland was based on personal 

observation of drying at each survey with the baseline of wetting being March 2012.  
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a)

 
b)

 
 

Plate 2-5 (a-b): Hydroperiod types examples a) Booberoi Creek Murrins Bridge, permanent b) Booberoi Station 3, 
long, >10 months  



 

20 
 

c) 

 
Plate 2-6: Hydroperiod types example, Four Corners Swamp, short, <10 months 
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Site habitat 

Sites were categorised based upon habitat type; stream or wetland (Plate 2-8(a-b), 

Plate 2-8(a-b)). Stream sites were located along the Lachlan River or one of its major 

tributaries, distributaries or anabranches, within stream banks. Stream sites were 

further classified based on hydrology into perennial and non-perennial creeks or river. 

Wetland sites occurred off the channel on the surrounding flood plain. Wetland sites 

were further classified based on hydroperiod. These categories were short 

hydroperiod (7- 10 months), long hydroperiod (>10 months) and permanently wet.
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a) 

 

b) 

 

Plate 2-7 (a-b): Habitat type examples: a) Geramy Lachlan River, river – stream b) Middle Creek – Back Lignum, non-perennial creek – stream 
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a) 

 

b) 

 

Plate 2-8 (a-b): Habitat type examples: a) Yarnel creek 1, perennial creek- stream b) Gonowlie Wetland, wetland
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 Frog communities identified in the Lachlan Catchment 

Overall, ten frog species were located across the mid and lower Lachlan Catchment 

during my surveys (Table 2-1, Figure 2-3, Figure 2-4). The most common species overall 

was Limnodynastes tasmaniensis that was recorded at 100% of sites, followed by 

Limnodynastes fletcheri that was recorded at 90% of sites (Table 2-1). Litoria raniformis 

and Litoria caerulea were recorded at one site each (Table 2-1). Species were detected 

largely by call and Lim. tasmaniensisLim. tasmaniensis, Lim. fletcheri and  

C. parinsignifera were the only species that metamorphs were recorded for  

(Figure 2-5(a-b)). Litoria raniformis was the only species that was detected by call only 

(Figure 2-5(a)). Limnodynastes interioris, Neobatrachus sudellae and Lit. raniformis 

only occurred in the lower Catchment whilst, Litoria latopalmata and Lit. caerulea 

were only detected in the mid Lachlan Catchment (Figure 2-5(a-b)). 

Table 2-1: Percent occurrence of frog species detected during four surveys of the mid and lower Lachlan 
Catchment September 2012- April 2013. 

 

 

 
 

 

 

 

^ Breeding response either presence of metamorphs or tadpoles of individual species (Figure 2-5) 

Species Percentage of sites present at (%) Breeding response^ 

Crinia parinsignifera 53 * 

Limnodynastes fletcheri 90 * 

Limnodynastes interioris 10 * 

Limnodynastes tasmaniensis 100 * 

Litoria caerulea 2 (1 site)  

Litoria latopalmata 27 * 

Litoria peronii 63 * 

Litoria raniformis 2 (1 site)  

Litoria rubella 27  

Neobatrachus sudelli 6  
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Figure 2-3: Distribution of frog species in the lower Lachlan in 2012- 2013 
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Figure 2-4: Distribution of frog species in the mid Lachlan in 2012- 2013 
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a)  

b)  
Figure 2-5 (a-b): Mean abundance (mean number of frogs counted) of species by observation type in the a) lower 
Lachlan Catchment b) mid Lachlan Catchment 
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2.3.1 Species richness 

Species richness was highest at short hydroperiods in both the lower and mid Lachlan. 

Five species were dominant across the lower Lachlan, C. parinsignifera, Lim. fletcheri, 

Lim. interioris, Lim. tasmaniensis and Lit. peronii and six species across the mid Lachlan, 

C. parinsignifera, Lim. fletcheri, Lim. tasmaniensis, Lit. latopalmata, Lit. peronii and  

Lit. rubella, indicating that they are less sensitive to varying hydroperiods across sites. 

Differences in species richness between hydroperiods is driven by the rare and less 

detected species Lit. raniformis and Neo. sudellae in the lower Lachlan and  

Lit. caerulea in the mid Lachlan (Figure 2-6). Litoria raniformis is known known to be 

rare and have a restricted distribution throughout the Lachlan Catchment and is 

currently listed as endangered in NSW (Threatened Species Conservation Act 1995) 

and vulnerable nationally (EPBC Act, 1999). The lower detection of Neo. sudellae and 

Lit. caerulea could be due to their breeding behaviour, whereby breeding is in 

response to heavy rain, which would limit the ability to detect them through field 

surveys due to the inaccessibility of flooded areas (Anstis, 2013). 

 
Figure 2-6: Species richness at hydroperiods in lower and mid Lachlan Catchment. Permanent = permanently wet, 
long = hydroperiod from >10 months with drying, short = hydroperiod from 7- 10 months (permanent n= 13, long 
n= 11, short n= 25) 
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2.3.2 Tadpoles 

Lim. fletcheri and Lim. tasmaniensis tadpoles cannot be individually distinguished in 

the field and were grouped as “Limnodynastes”. These were the most commonly 

recorded tadpoles, being present in all hydrology types with a mean abundance 

ranging from 1.14 to 6.36 per hydroperiod category across surveys each month  

(Figure 2-7). Abundance was low for other species detected at all site hydrology types 

across both months with the second highest mean abundance being 2.00 for  

Neo. sudellae and Lit. latopalmata. Sites with a short hydroperiod had the highest 

diversity of species with four species being detected in November 2012, Neo. sudellae,  

Lit. latopalmata, Lim. interioris and Limnodynastes tadpoles. 

 
Figure 2-7: Tadpole mean abundance (mean number of tadpoles caught) per hydroperiods. Permanent = 
permanently wet, long = hydroperiod from >10 months with drying, short = hydroperiod from 7- 10 months 
(permanent n= 13, long n= 11, short n= 25) 
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 Discussion 

The survey across different habitats in the mid and lower Lachlan Catchment identified 

ten species and provides baseline data on their distribution. This baseline is important 

for informing other questions throughout this thesis. 

Four species, Lim. tasmaniensis, Lim. fletcheri, C. parinsignifera and Lit. peronii were 

widespread across both regions and were present in all hydrological and site types. A 

previous study within the mid Lachlan found three of these four species were 

widespread across creek and wetland sites along Lachlan River anabranches  

(Wassens and Maher, 2011). Crinia parinsignifera was detected at fewer sites, but this 

could be due to the warm conditions which were prominent throughout the study as  

C. parinsignifera is a winter active species (Wassens and Maher, 2011). These four 

species are ubiquitous through modified landscape dominant in other regions such as 

the Murrumbidgee and Murray (McGinness et al., 2014, Wassens et al., 2011, Jansen 

and Healey, 2003). 

Other species such as Lit. raniformis and Lit. caerulea were only detected at one site. 

Litoria raniformis is an endangered species and is known to exist within the Catchment 

in low numbers to begin with (Wassens, 2008) (EPBC act). Targeted Lit. raniformis 

surveys in similarly modified landscapes such as the Murrumbidgee found the species 

present at less than half the sites surveyed, including absences at some sites that it 

was detected during surveys completed in the 1960s and 1980s (Wassens et al., 

2010).The significant altering of landscapes and hydrology within the Lachlan and 

other regions is one of the major drivers of the reduced numbers of Lit. raniformis 

throughout the landscape (Wassens, 2008). Litoria caerulea was detected on the edge 

of its range and is not as common this far south (Appendix 2). It is however widely 

distributed throughout regions north of the Lachlan Catchment such as the Macquarie 

Marshes (Ocock et al., 2014, Ocock et al., 2013). 

Two species, Lit. latopalmata and Lit. rubella are at the edge of their current known 

range at the top of the lower Lachlan (Anstis, 2013). Litoria rubella occurs in the upper 

lower Lachlan, around Hillston, whilst Lit. latopalmata occurs throughout the mid 

Lachlan. Large scale region factors, such as climate, rainfall, landscape composition and 

wetland type, are what most likely drives these range patterns. 
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Determining what population exists within the area and how it is influenced by these 

elements is important for future studies and understanding relationships across 

regional areas. This chapter is important for understanding the context of this project 

and the populations being studied. It allows the reader to understand selection of 

species for the research in the following chapters.   
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3 Frog occupancy patterns in the mid and lower Lachlan 

Catchment 

 Introduction 

Rivers in Australian semi-arid and arid regions are characterised by strong seasonal 

variability in flow, including periods with little or no flow (Bunn et al., 2006). The 

persistence of frog populations in these semi-arid environments is influenced by the 

availability of water, shelter, and suitability of breeding habitats (Wassens et al., 2011, 

Wassens et al., 2010). Two key adaptations are present in the majority of frog species 

in dry temperate and semi-arid areas; burrowing species who burrow for shelter and 

non-burrowing species that rely on refuge. Burrowing species have the ability to bury 

themselves and aestivate during dry conditions with individuals emerging to breed 

after heavy rains (Tracy et al., 2007). Species that rely on refuge are restricted to 

persistent water that is available as habitat during dry periods or areas that are 

regularly inundated (Bunn et al., 2006). Non-burrowing species that rely on refuge sites 

are characterised by a high level of mobility enabling them to move to persistent 

refuges during dry periods. For example, Litoria raniformis moves between permanent 

and seasonally inundated water bodies in response to wetland inundation and drying 

(Wassens et al., 2010). 

While many non-burrowing species rely on ephemeral habitats for breeding, 

permanent water may be critical for survival during dry periods (Bond et al., 2008, 

Bunn et al., 2006). However, these permanent water bodies may not be suitable for 

breeding, owing to a low percentage of aquatic vegetation and sometimes high 

predator abundance (Wassens, 2010, Hecnar and M'Closkey, 1997a, Bronmark and 

Edenhamn, 1994). Ephemeral and seasonally inundated wetlands often provide better 

breeding habitat, owing to relatively low predator densities (Anstis, 2013, Hazell et al., 

2001, Komak and Crossland, 2000, Semlitsch, 2000). As a consequence, occupancy of 

sites by non-burrowing species may be influenced by the presence of permanent water 

and the inundation frequency in the surrounding landscape, because species need to 

move between ephemeral wetlands and permanent refuges to complete their life 

cycle (Bunn et al., 2006, Semlitsch, 2000). Hence, hydroperiod (the period of wetland 

inundation) is an important determinant of frog distribution and breeding at local 
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(wetland or creek) and landscape scales (Baber et al., 2003, Pechmann et al., 1989). 

Extremely short hydroperiods are not good for all frog species and their tadpoles, as 

the aquatic habitat can dry before metamorphosis is reached (Pechmann et al., 1989). 

Ecological conditions can vary between regional areas (Murphy and Lovett‐Doust, 

2007). These regional scale processes have been seen to influence frog population 

spatial structure and species richness (Werner et al., 2009, Leibold et al., 2004, 

Trenham et al., 2003, Lehtinen et al., 1999, Hecnar and M'Closkey, 1997b, 1996). A 

study of 11 amphibian species in south-western Ontario, Canada found the decline in 

species richness in one of three regions was attributed to land use changes (Hecnar 

and M'Closkey, 1996). This study is across two regions, the mid (from Lake Cargelligo 

to Ootha) and lower (from below Lake Cargelligo to the end of system) Lachlan, with 

the two regions differing in wetland type. The mid Lachlan is dominated by 

anabranches and smaller wetlands and the lower Lachlan is primarily large floodplain 

lignum swamps. Regions influence should therefore be considered in occupancy 

modelling. 

Aquatic and riparian vegetation has been seen to be positively associated with non-

burrowing species presence (Houlahan and Findlay, 2003, Jansen and Healey, 2003, 

Hazell et al., 2001). Aquatic rushes Eleocharis sphacelata, and sedges, Cyperus spp 

have been identified to be important for the occurrence of refuging ground dwelling 

species, such as Limnodynastes fletcheri and Limnodynastes tasmaniensis (Healey et 

al., 1997). Eucalyptus camaldulensis and/or increased non species specific canopy 

cover is strongly associated with the presence of the tree frog Litoria peronii (Hazell et 

al., 2001, Healey et al., 1997). Logs (especially with hollows), sticks and litter are also 

important as shelter for all species (Rittenhouse and Semlitsch, 2007, Whiles and 

Grubaugh, 1996). Hollows in trees and logs are especially important as habitat for 

several Australian tree frog species (Gibbons and Lindenmayer, 2002). Although there 

is limited knowledge on frog use of soil-based microhabitats, (Hazell et al., 2003) 

suggested they have a role as an important shelter for avoiding desiccation. 

Water quality may influence frog occupancy in semi-arid environments, having the 

greatest impact during tadpole development, which is often solely aquatic in early life 

stages (Boyer and Grue, 1995). While many species in inland rivers have a relatively 
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high tolerance to variable water quality, extremes in conductivity and potentially 

dissolved oxygen can have a substantial impact on aquatic species including tadpoles 

(Howitt et al., 2007, Smith et al., 2007).  

The breeding activity of frogs may have a strong relationship with temperature and 

may also influence detection probabilities (Hatano et al., 2002, Oseen and Wassersug, 

2002). For example, in far north Queensland seven of 14 species, two of which,  

Litoria caerulea and Litoria rubella also occur through the Lachlan system, were more 

likely to be detected when water temperatures were below 30°C (Dostine et al., 2013). 

Consideration of temperature can help researchers account for variation in the 

probability of detecting frog species during each survey (MacKenzie et al., 2002). 

Frog activity is also seasonal and the time of year can impact on frog emergence from 

microhabitats and therefore the capacity of surveyors to detect frogs (Anstis, 2013, 

Cree, 1989). For example in Australia, Litoria peronii calls primarily throughout spring 

and summer, while the main breeding season of Crinia parinsignifera is autumn and 

winter (Anstis, 2013). Frogs may also over winter, going into a dormant state 

throughout certain seasons, for example, Pseudacris cadaverina in California will 

retreat to deep crevices throughout autumn and winter reducing the ability of 

surveyors to detect the species (Harris, 1975). Because of seasons influence on frog 

emergence researchers use it to determine a detection probability when determining 

frog species occupancy at sites (MacKenzie et al., 2002). 

The aim of my study was to identify what drives the occupancy of non-burrowing frog 

species in the riverine floodplain system of the mid and lower Lachlan Catchment, 

Australia. This will help to develop more effective management strategies for frog 

species survival looking at the requirements of a subset of non-burrowing tree and 

ground frog species. As all species studied are aquatic breeders, it is expected that 

water will play a strong role in species ecology, however, interactions with habitat 

variables will most likely vary across species. Non-burrowing tree frogs, such as  

Lit. peronii, need habitat such as standing timber, whilst non-burrowing ground frogs, 

for example Lim. fletcheri, will rely more upon vegetation (Hazell et al., 2001, Healey et 

al., 1997). Understanding the difference between species may allow individual species 
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requirements to be targeted by water and habitat managers. Alternately, it may allow 

more certainty that all species needs are being met. 
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 Methods 

Please see Chapter two- methods for survey area description, frog survey methods and 

covariate collection methods. 

3.2.1 Data analysis 

Frog presence or absence was determined from abundance data collected during 

visual and audio surveys undertaken on four occasions between September 2012 and 

April 2013. Repeat surveys allowed me to develop a detection history that is important 

for determining detection probabilities.  

Ten frog species were detected over the survey period (Chapter two). Of these, five 

species (Limnodynastes fletcheri, Litoria peronii, Crinia parinsignifera, Litoria 

latopalmata and Litoria rubella) were present at an adequate number of sites (27% to 

90%) to allow occupancy analysis (Table 3-1). Limnodynastes interioris was not 

modelled, although present at 10% of sites, as it is a burrowing species and my analysis 

focuses on refuging, flood-dependent frogs. Limnodynastes tasmaniensis was present 

at 100% of sites, while the remaining species, Neobatrachus sudellae, Litoria caerulea 

and Litoria raniformis were present at three or less sites and were therefore not 

suitable for analysis.  

Table 3-1: Frog presence at all sites in September 2012, November 2012, February 2013 and April 2013 

 Species Percentage of sites present at (%) 

modelled 

Limnodynastes fletcheri 90 

Litoria peronii 63 

Crinia parinsignifera 53 

Litoria rubella 27 

Litoria latopalmata 27 

not modelled Limnodynastes tasmaniensis 100 

 

Prior to modelling, a correlation matrix based on Spearman’s rank correlation was used 

to identify significant (P < 0.05, two-tailed) correlations between independent 

variables. Multicollinearity among variables was explored further using variance 

inflation factors (VIF) via collinearity diagnostics in linear regression (Zuur et al., 2010). 

Each independent variable was regressed against all others and where a VIF value of  

> 3 was recorded, variables were systematically removed (larger VIF values first) until 

all VIF values were ≤ 3. This removed the possibility of running models with correlated 
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independent variables. The selection of variables for modelling among those that were 

correlated was also based on evidence in the literature (for influencing frog 

occurrence) and consideration of ecological importance. Variables were split into those 

that may impact the probability of occupancy and those that may impact detection 

probability (Table 3-2). Only temperature was used as a continuous variable for 

occupancy because humidity was not available from the Bureau of Meteorology (BOM). 

Rainfall was also not considered as surveys were timed not to coincide with rain events 

within the region due to access issues. As occupancy of adults was being studied, not 

tadpoles, water quality readings were not included in the occupancy models. 

Habitat occupancy models where run using Presence (Hines, 2006). To account for 

detection probability, temperature and season were included as survey covariates, see 

(Table 3-2). Detection factors (temperature, season and constant detection) were 

tested at a constant occupancy to determine which best explained detection 

probabilities, with temperature + season being the top supported model. Models were 

binary, based on the presence or absence of a species within each transect from each 

survey site. The following variables were log transformed with a log10 base; percent 

cover of open water, aquatic vegetation, semi-aquatic vegetation and logs, sticks and 

litter, fringing vegetation percentage and percent of surrounding water bodies in 1000 

metres. Models were then run with only two or three variables so as not to 

overparameterize the models and ranked using Akaike weights. One thousand 

bootstrap simulations were run to check the fit of the model. Bootstrapping simulates 

alternative sets of data within the constraints of the model. The closer these simulated 

models match the original model, the better the fit. This can be determined by the 

bootstrap figure which should be above 0.05 (MacKenzie, 2006). 
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Table 3-2: Occupancy and detection variables included in presence occupancy models (cat. = categorical variable, cont. = continuous variable) 

Type Variable 
Data 
type 

Description 

Occupancy Region (mid and lower) Cat. 
Either the mid or lower geographic range of the Lachlan Catchment – these two categories encompass the two 
dominant habitat and geomorphic types that exist in the mid and lower region  

Occupancy Habitat type Cat. Whether site is either a stream or wetland 

Occupancy Hydroperiod Cat. Hydroperiod of the site is either short (<10 months) or long (>10 months – permanent) 

Occupancy 
Aquatic vegetation cover, log 
transformation 

Cont. Log transformation of mean aquatic cover percentage across transects over all surveys 

Occupancy 
Semi-aquatic vegetation cover, log 
transformation 

Cont. Log transformation of mean semi-aquatic vegetation cover percentage across transects over all surveys 

Occupancy Open water cover, log transformation Cont. Log transformation of mean open water cover percentage across transects over all surveys 

Occupancy 
Logs, sticks and litter cover, log 
transformation 

Cont. Log transformation of mean logs, sticks and litter cover percentage across transects over all surveys 

Occupancy Standing timber Cont. Mean standing timber across transects over all surveys 

Occupancy Fringing vegetation, log transformation Cont. Mean fringing vegetation surrounding water body over all surveys 

Occupancy Water bodies 1000, log transformation Cont. Log transformation of percentage of water bodies in the surround 1000 metres 

Occupancy Vegetation complexity Cont. Count of aquatic and semi-aquatic vegetation species 

Occupancy Vegetation layers Cont. 
Count of different layers that aquatic and semi-aquatic vegetation species are categorised into (tall emergent, 
short emergent, broadleaf emergent, attached floating, submerged) 

Detection Temperature Cont. Maximum daily temperature 

Detection Season Cat. Survey month (September, November, February, April) 
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 Results 

3.3.1 Occupancy models 

Limnodynastes fletcheri 

Limnodynastes fletcheri was present at 90% of sites across the four surveys (Table 3-1) 

. The percentage of open water cover featured in all the top ranked models within two 

AIC points with the univariate model containing open water being top ranked with 

moderate support (AIC wgt = 0.24). Limnodynastes fletcheri probability of occupancy 

increased with increasing percentage of open water cover (Figure 3-1, Table 3-3,). 

Although other factors featured within the top models, the dominance on open water 

cover indicates it was a driving factor of occupancy. 

 

 
Figure 3-1: Probability of occupancy with 95% confidence interval of Lim. fletcheri at open water cover, log 
transformation  
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Table 3-3: Highest ranked (within 2 AIC points) occupancy models for; Lim. fletcheri (LF) models with Akaike weights < 0.0117 excluded, Lit. peronii (LP) models with Akaike weights < 0.03 
excluded, 2nd ranked model included for comparison, C. parinsignifera (CP) models with Akaike weights < 0.0127 excluded, Lit. latopalmata (LL) models with Akaike weights < 0.02 excluded, 
Lit. rubella (LR) models with Akaike weights < 0.98 excluded, 2nd ranked model included for comparison. Full set of models for each species in Appendix 6 

  

Species Model AIC deltaAIC AIC wgt 
Model 
Likelihood 

Bootstrap 

LF 

psi(open water),p(temp + season) 645.86 0 0.2382 1 0.3017 

psi(open water + stream),p(temp + season) 647.14 1.28 0.1256 0.5273 0.3357 

psi(open water + lower region),p(temp + season) 647.37 1.51 0.1120 0.4700 0.3237 

psi(open water + water bodies 1000),p(temp + season) 647.81 1.95 0.0899 0.3772 0.3167 

psi(open water + vegetation complexity),p(temp + season) 647.82 1.96 0.0894 0.3753 0.3217 

psi(open water + logs, sticks + litter),p(temp + season) 647.86 2 0.0876 0.3679 0.3177 

LP 
psi(open water+ standing timber + semi-aquatic vegetation cover),p(temp + season) 370.31 0 0.6050 1 0.1538 

psi(long hydroperiod+ standing timber+ semi-aquatic vegetation cover),p(temperature and season) 372.81 2.5 0.1733 0.2865 0.1479 

CP 

psi(water bodies 1000 + semi-aquatic vegetation cover),p(temp + season) 360.02 0 0.2326 1 0.009 

psi(mid region + water bodies 1000+ logs, sticks + litter cover),p(temp + season) 360.82 0.8 0.1559 0.6703 0.008 

psi(mid region + water bodies 1000 + semi-aquatic vegetation cover),p(temp + season) 360.91 0.89 0.1490 0.6408 0.016 

psi(semi-aquatic vegetation cover),p(temp + season) 361.99 1.97 0.0869 0.3734 0.015 

LL 

psi(mid region + aquatic vegetation cover),p(temp + season) 210.07 0 0.2545 1 0.0140 

psi(mid region + aquatic vegetation cover + fringing vegetation),p(temp + season) 210.22 0.15 0.2361 0.9277 0.0200 

psi(mid region + aquatic vegetation cover + vegetation complexity),p(temp + season) 211.05 0.98 0.1559 0.6126 0.0270 

psi(mid region + aquatic vegetation cover + logs, sticks + litter cover),p(temp + season) 211.20 1.13 0.1446 0.5684 0.0270 

psi(mid region + aquatic vegetation cover + long hydroperiod),p(temp + season) 211.89 1.82 0.1024 0.4025 0.0230 

psi(mid region + open water cover),p(temp + season) 215.16 5.09 0.0200 0.0785 0.0310 

LR 
psi(mid region+ fringing vegetation+ stream),p(temp + season) 150.71 0 0.9809 1 0.1469 

psi(mid region+ fringing vegetation+ open water),p(temperature and season) 159.59 8.88 0.0116 0.0118 0.1099 
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Litoria peronii 

Litoria peronii was present at 63% of sites across the survey period (Table 3-1). 

Standing timber, semi-aquatic vegetation and open water were the three factors 

present in the single top ranked model, within two AIC points, and this had strong 

support (AIC wgt= 0.6050). The probability of Lit. peronii occupancy increased with 

increasing standing timber, decreased with decreasing percentage of semi-aquatic 

vegetation cover and increased with increasing open water cover (Table 3-3,  

Figure 3-2 (a-c)). 
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a)  

b)  

c)  

Figure 3-2 (a-c): Probability of occupancy (%) with 95% confidence interval of Lit. peronii against a) standing 
timber number, b) semi-aquatic vegetation cover, log transformation, c) open water cover, log transformation 
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Crinia parinsignifera 

Crinia parinsignifera was present at 53% of sites across the survey period Table 3-1). 

The number of water bodies in the surrounding 1000m featured frequently in top 

ranked models with the probability of occupancy decreasing with an increasing 

percentage of water bodies (Table 3-3, Figure 3-3 (b)). Mid region was also a highly 

ranked with the probability of occupancy of this species in the mid region higher  

(p= 0.823, 95% CI= (0.544, 0.948)) compared to the lower region  

(p= 0.462, 95% CI= (0.282, 0.653)). The bootstrap figures for these models are low with 

all readings in the top models less than 0.016, indicating a poor fit of the simulated 

model. 
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a)  

b)  

c)  

Figure 3-3 (a-c): Probability of occupancy (%) with 95% confidence interval of C. parinsignifera a) water bodies in 
the surrounding 1000 metres, log transformation b) logs, sticks and litter cover, log transformation c) semi-
aquatic vegetation cover, log transformation 
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Litoria latopalmata 

Litoria latopalmata was present at 27% of sites across the survey period (Table 3-1). 

Mid region was dominant in the top models, whereby the probability of occupancy 

was higher in the mid region (p= 0.728, 95% CI= (0.412, 0.886) compared to the lower 

region (p= 0.00) (Table 3-3). Aquatic vegetation cover also featured in the top ranked 

models with probability of occupancy decreasing with increasing aquatic vegetation 

cover (Table 3-3, Figure 3-4 (a)). Bootstrap figures were low with these models (all 

figures < 0.0320) indicating poor fit of simulated models. 

a)  

b)  
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c)  

d)  

Figure 3-4 (a-d): Probability of occupancy (%) with 95% confidence interval of Lit. latopalmata against a) aquatic 
vegetation cover, log transformation b) logs, sticks and litter cover, log transformation c) vegetation complexity, 
d) fringing vegetation percentage, log transformation 
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Litoria rubella 

Litoria rubella was present at 27% of sites across the survey period (Table 3-1). The 

highest ranked model included mid region with a negative relationship with fringing 

vegetation percentage and stream, and this model had substantial support among 

those considered (AIC wgt = 0.9809) (Table 3-3, Figure 3-5). Litoria rubella had a higher 

probability of occupancy in the mid region (p= 0.706, 95% CI= (0.386, 0.902)) 

compared to the lower region (p= 0.076, 95% CI= (0.020, 0.248)). It also had a higher 

probability of occupancy at streams (p= 0.549, 95% CI= (0.249, 0.817)) compared to 

wetlands (p= 0.206, 95% CI= (0.061, 0.508)). 

 

 
Figure 3-5: Probability of occupancy (%) with 95% confidence interval of Lit. rubella at fringing vegetation 
percentage, log transformation 
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Several of the top ranked models for species Limnodynastes fletcheri,  

Crinia parinsignifera and Litoria latopalmata may contain uninformative parameters 

(Arnold, 2010). Open water was the dominant variable for Lim. fletcheri, as the 

univariate top ranked model and present in all other highly ranked models. Other 

variables listed with open water in top ranked models may be uninformative 

parameters and therefore not as strongly supported (Table 3-3). Water bodies in the 

surrounding 1000m was the dominant factor across the top models for  

C. parinsignifera and additional variables in the other top ranked models may be 

uninformative parameters and have lesser support (Table 3-2, Figure 3-3). Mid region 

and aquatic vegetation cover were the dominant factors across the top models for  

Lit. latopalmata and additional variables in the other top ranked models may be 

uninformative parameters (Table 3-2, Figure 3-4). 
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Figure 3-6: Distribution of Lim. fletcheri across the mid and lower Lachlan Catchment in 2012- 2013 surveys 
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Figure 3-7: Distribution of Lit. peronii across the mid and lower Lachlan Catchment in 2012- 2013 surveys 
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Figure 3-8: Distribution of C. parinsignifera across the mid and lower Lachlan Catchment in 2012- 2013 surveys 
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Figure 3-9: Distribution of Lit. latopalmata across the mid and lower Lachlan Catchment in 2012- 2013 surveys 
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Figure 3-10: Distribution of Lit. rubella across the mid and lower Lachlan Catchment in 2012- 2013 surveys
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 Discussion 

3.4.1 Dominant occupancy drivers 

The frog species recorded in my study had different occupancy drivers and there was 

no single variable that was a dominant predictor across all species, but there were 

some common themes.  

Region featured in the top models for four species, C. parinsignifera, Lit. latopalmata, 

Lit. rubella and Lim. fletcheri (Table 3-3). The first three species were more likely to 

occupy water bodies in the mid Lachlan whilst Lim. fletcheri was more likely to reside 

in the lower Lachlan. For species Lim. fletcheri and C. parinsignifera it could be 

considered an uninformative variable and must be considered with caution (Arnold, 

2010). Region can be used as an indication of water permanence, climate conditions, 

such as rainfall amount, wetland type and landscape composition that are more 

common within those geographic areas. This study supports an increasing number of 

studies which show large scale factors are driving amphibian occupancy (Van Buskirk, 

2005, Bosch et al., 2004, Pope et al., 2000). The lower Lachlan contains primarily large, 

seasonal wetlands while the mid Lachlan has smaller, more persistent wetlands. This 

difference in habitat structure and hydrology is a prominent difference between 

regions and could be one of the major large-scale factors driving regional occupancy 

patterns (Plate 2-2(a-b), Plate 2-3(a-b), Plate 2-4(a-b)). Two species in this study, Lit. 

latopalmata and Lit. rubella are on the edge of their geographic range, which would be 

likely to drive their relationship with region (Anstis, 2013). 

Aquatic, semi-aquatic and fringing vegetation were also included in the top models for 

many species. All species except Lim. fletcheri had a negative relationship with 

vegetation (semi-aquatic, aquatic and fringing), which is at odds with many studies 

that show a positive relationship between frog presence and aquatic or riaprian 

vegetation (Trenham and Shaffer, 2005, Houlahan and Findlay, 2003, Jansen and 

Healey, 2003, Hazell et al., 2001, Semlitsch, 2000). For C. parinsignifera, vegetation 

may have been an uninformative parameter and must be considered with the 

understanding that it possibly had less support than the dominant variable 

waterbodies in the surrounding 1000m (Arnold, 2010). One possible reason for this is 

that occupancy increased with increasing areas of open water and conversely 
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decreasing areas of vegetation. This is most likely due to data being collected in the 

same transect as open water, with open water being the largest alternate to 

vegetation and ultimately a more important driver for occupancy. Aquatic vegetation 

cover was correlated with open water, so they were not run within the same models. 

The other variables collected included coarse woody debris, dry land and mud flat all 

which occurred in a smaller percentage than vegetation and open water. Alternately 

within the Lachlan, particularly the lower Lachlan, wetlands are large and dominated 

primarily by open water with five percent aquatic vegetation cover, within transects, 

being equivalent to hundreds of square metres of aquatic habitat, if not more. Smaller 

wetlands that have 100% aquatic vegetation within the transect may have the same 

area of vegetation but it covers the smaller area completely. Therefore, the 

importance of vegetation may be lost in the context of the scale of the aquatic habitats 

being studied. A final reason for this relationship is that detectability may have 

decreased with increasing vegetation due to surveyor inability of seeing the frogs. This 

was unlikely as call surveys were also used to determine frog presence. Although 

vegetation may come out as a dominant driver of occupancy it will most likely still 

impact a frog species’ ability to breed and persist at the site (Baber et al., 2003, 

Gillespie and Hero, 1999).  

Occupancy of two species, Lit. latopalmata and C. parinsignifera, was positively 

associated with logs, sticks and litter, which are known to provide shelter for frog 

species (Whiles and Grubaugh, 1996). This species-specific relationship found within 

my study is a newly identified relationship in Australia. Logs, sticks and litter may 

provide a more reliable form of shelter in a semi-arid environment than vegetation 

because the availability of the aquatic vegetation relies heavily on flooding frequency 

and water levels (Casanova and Brock, 2000, Whiles and Grubaugh, 1996). However, 

models for Lit. latopalmata and C. parinsignifera had low bootstrap figures indicating 

low support. Waterbodies in the surrounding 1000m, for C. parinsignifera, and mid 

region and aquatic vegetation cover, for Lit. latopalmata, were the dominant factors 

within the models and logs, sticks and litter may be an uninformative parameter, 

although ranked within 2 AIC points and should be considered with caution (Arnold, 

2010). 
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3.4.2 Individual species response 

The percent cover of open water had the greatest influence on Lim. fletcheri 

occupancy. Limnodynastes fletcheri is a non-burrowing ground species with less 

capability of protecting itself from water loss than Australian arboreal species (Amey 

and Grigg, 1995). Positive relationships with abundant emergent vegetation and longer 

hydroperiods of at least six months have previously been recorded (Wassens, 2011, 

Jansen and Healey, 2003). Limnodynastes fletcheri has also showed increased 

movement response in times of flood (Ocock et al., 2014). This association with 

inundation and longer hydroperiods is the most likely reason why open water was 

included in the top models. Alternatively, a seeming preference for open water could 

actually reflect a preference for the large open water/ lignum systems that are 

prominent in the lower Lachlan where Lim. fletcheri was common. 

The top model for Litoria peronii included open water cover, standing timber and semi-

aquatic vegetation cover. This is not surprising given that this is a refuging tree frog 

and has previously been positively linked with canopy cover and the tree species 

Eucalyptus camalduleusis (Hazell et al., 2001, Healey et al., 1997). The positive 

relationship between Lit. peronii and decreasing semi-aquatic vegetation and 

increasing open water reflects its preference for deeper, open ponds (Wassens, 2011). 

The consistency of results across studies suggests it may be possible to predict the 

presence of Lit. peronii across regions with a relatively high degree of certainty. 

Crinia parinsignifera was the only species that had percent cover of water bodies in the 

surrounding 1000 metres occur frequently in the top models. As C. parinsignifera is an 

aquatic breeding species it could be expected that water bodies in the surrounding 

1000 metres would be important for increasing frog occupancy. But C. parinsignifera 

occupancy had a negative relationship with water body cover. Males will call during 

rain before habitat is inundated and this could indicate that terrestrial vegetation both 

surrounding and within aquatic habitat that has not been inundated is important for 

breeding (Anstis, 2013). Less of this habitat is available when there is a large amount of 

water around. Within this study, C. parinsignifera were observed calling at dry sites. 

However, bootstrap values in the models were very low, indicating a poor fit between 
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the simulated models and the actual models; hence, these results should be 

interpreted with caution.  

Litoria latopalmata was strongly associated with mid region and decreasing aquatic 

vegetation. A previous study in the Lachlan associated Lit. latopalmata with temporary 

habitats that contained a higher percentage of aquatic vegetation (Wassens and 

Maher, 2011). Litoria latopalmata had a negative relationship with aquatic vegetation 

cover, and could be a positive relationship with increasing open water but the models 

displayed low bootstrap values, indicating poor model fit. 

Litoria rubella had one top model within two AIC points, which included a higher 

probability of occupancy within the mid region and at streams, and a negative 

relationship with fringing vegetation. This species is often associated with human 

habitation and temporary water bodies (Anstis, 2013, Wassens and Maher, 2011). Its 

association with the streams in the mid Lachlan, which are often permanent due to 

regulation, differs to previous findings of primarily temporary habitat use (Green et al., 

2011).  

A range of factors were related to frog distribution ranging from large scale, (e.g. 

region) to small scale (e.g. logs, sticks and litter and vegetation), and these factors may 

influence species occupancy. Management of aquatic habitats and environmental 

flows therefore need to consider these species-specific requirements and the relevant 

spatial and temporal scales. Understanding these relationships might allow 

conservation to take a more targeted approach to the protection of habitats and the 

delivery of environmental water, better supporting species at risk from habitat loss 

and alteration. Although none of the species within this study are listed as threatened, 

the results can inform management guidelines for supporting individual species. For 

example, on a small scale, managers could target wetlands with standing timber to 

promote occupancy of tree frog species Lit. peronii and Lit. rubella or target large, 

open water lignum swamps to promote the presence of Lim. fletcheri, who had a 

strong positive relationship with open water. At a larger scale, a mosaic of habitats 

that meet the needs of multiple species could be inundated, or certain regions that 

contain a larger number of target species watered. For example, if targeting  



 

58 
 

Crinia parinsignifera, Lit. latopalmata, and Lit rubella, managers could water habitats 

throughout the mid Lachlan where Lit. latopalmata and Lit rubella have higher 

predicted occupancy. To support all species, a balance between habitat and flow 

management needs to be found to meet the multiple environmental factors required. 

Once what drives distribution and occupancy of species is understood, the daily 

environmental factors that influence frog species probability to call and attempt 

breeding can be examined, as in Chapter Four. 
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4 Environmental factors that promote frog calling in the lower 

Lachlan Catchment 

 Introduction 

Male frogs call to attract females for breeding and in some cases to maintain 

territories (Roithmair, 1992, Ryan et al., 1981). However, calling requires large energy 

expenditure and is assumed to only be attempted in appropriate conditions (Oseen 

and Wassersug, 2002, Brooke et al., 2000, Navas, 1996). These conditions vary 

amongst species but primarily involve a range of environmental cues that indicate that 

breeding is appropriate. Key environmental cues that can trigger calling include rainfall 

(Schalk and Saenz, 2016, Hauselberger and Alford, 2005), temperature (Schalk and 

Saenz, 2016, Hauselberger and Alford, 2005, Oseen and Wassersug, 2002, Navas, 1996) 

and moonlight (Tuttle and Ryan, 1982). Environmental factors that may also influence 

calling, but are not included within this study, include wind (Fukuyama and Kusano, 

1992) and photoperiod (Schalk and Saenz, 2016, Canavero and Arim, 2009). Some 

studies also consider social environment, the abundance and number of species of 

other individuals calling, and how this influences the calling of certain species (Heard 

et al., 2015, Wong et al., 2004, Oseen and Wassersug, 2002).  

While dominant habitat characteristics, like aquatic vegetation cover, can influence the 

probability that a species will be present at a wetland. Environmental cues such as 

temperature, rainfall and moonlight can often influence activity of resident frogs and 

determine whether or not they will call on a particular night (Schalk and Saenz, 2016, 

Saenz et al., 2006, Hauselberger and Alford, 2005, Oseen and Wassersug, 2002). Calling 

is not an indication of successful breeding because tadpole survival and recruitment 

relies on additional elements including habitat availability, wetland hydrology, and 

predator populations (Jansen and Healey, 2003, Komak and Crossland, 2000, 

Semlitsch, 2000). Studies on frog calling have been completed primarily in tropical or 

temperate areas with studies in semi-arid and arid areas less common (dos Santos 

Protázio et al., 2015). 

Knowledge on seasonal and daily calling patterns for Australian frogs is limited (Willacy 

et al., 2015, Lemckert and Mahony, 2008). A study in mesic eastern NSW in Australia 
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determined the core calling period, i.e. the period in which >90% of calls fall, for 46 

species within this region and for 43 of these species that coincided with warmer 

spring-summer months. Three species, Crinia signifera, Litoria verreauxii and Uperoleia 

laevigata were considered to be year round callers (Lemckert and Mahony, 2008). In 

Melbourne five of these species Crinia parinsignifera, Limnodynastes dumerilii, 

Limnodynastes tasmaniensis, Litoria ewingii, Litoria peronii and Litoria verreauxii were 

found not to have overlapping peak call periods. Those that did overlap demonstrated 

different calling behaviour and acoustics (Heard et al., 2015). In a study by Lemckert et 

al (2013) nine Australian species in eastern NSW were seen to have species specific 

relationships with the environmental factors temperature, humidity and cumulative 

rainfall at 24 hours and 72 hours prior to calling surveys. Each individual species had a 

unique relationship with the four variables, with relationships differing in size and 

direction (Lemckert et al., 2013). More specifically, temperature has been seen to 

positively influence frogs’ probability of calling. In a permanent pond south of Sydney 

is eastern NSW, species Limnodynastes peronii, Litoria peronii and Uperoleia laevigata 

all had increasing calling probability with increasing temperature (Lemckert and Grigg, 

2010). Increasing temperature has also been seen to increase call rates of  

Crinia signifera but only when individuals were calling (Wong et al., 2004). 

Temperature is a common cue for frogs to call. Frogs are ectothermic and are 

therefore influenced by ambient temperature. Strong relationships have been found 

between individual species calling and temperature previously, such as Colostethus spp 

in the Andes of central Columbia (Navas, 1996) and mountain frogs,  

Philoria Myobatrachidae, in north-east New South Wales (Willacy et al., 2015). 

Breeding strategies may also be influenced by temperature, but this varies depending 

on species (Oseen and Wassersug, 2002). For example, summer breeding  

Lithobates clamitans and Rana catesbeiana were observed responding primarily to 

temperature, laying eggs in warmer water temperatures (Oseen and Wassersug, 

2002). While early spring breeding species, Pseudacris crucifer, and Rana sylvatica, 

were less responsive to temperature as they are physiologically adapted to colder 

water (Oseen and Wassersug, 2002). Geographic range can also influence calling 

behaviour. High elevation species, Pristimantis bogotensis, previously 
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Eleutherodactylus spp, were recorded calling consistently between dawn and dusk, 

while their high elevation counterparts Diasporus diastema, previously 

Eleutherodactylus spp, called immediately after dusk when temperatures were warmer 

(Navas, 1996). 

Rainfall can increase the availability of moist and inundated breeding habitat (Schalk 

and Saenz, 2016, Hauselberger and Alford, 2005, Hatano et al., 2002). It is the major 

correlating factor for calling in frog assemblages of the semi-arid regions of north-

eastern Brazil (dos Santos Protázio et al., 2015). Rainfall is also important in semi-arid 

Australia, both as a driver of habitat availability and a trigger for emergence of 

burrowing species (Anstis, 2013, Wassens et al., 2011). The activity of burrowing 

species increases in response to rainfall and humidity as they emerge at times when 

there is a higher chance of temporary water bodies being present for them to breed in 

(Penman et al., 2006). 

Several studies have found that increasing wind speed decreases the calling of certain 

species (Oseen and Wassersug, 2002, Henzi et al., 1995, Emlen, 1976). For example, 

wind was seen to have a significant negative impact on the calling of Rana castesbeina 

in studies by Oseen and Wasserburg (2002) and Emlen (1927). Wind can contribute to 

desiccation of frogs and noise interference (Henzi et al., 1995, Capranica, 1977). Wind 

can also interfere with call recordings which may increase false negative records due to 

not being able to hear species calls. 

Moonlight illumination influences the ability of visually oriented predators to see frog’s 

but also impacts a frogs ability to view their surroundings (Rand et al., 1997). Different 

species may respond to different light levels and it is possible that frogs use low 

ambient light as a cue for breeding, as it decreases risk from visually orientated 

predators (Jaeger and Hailman, 1981). However, some male frog species, for example 

Engystomops pustulosus, are more likely to call under brighter conditions where they 

can observe potential predation (Rand et al., 1997).  

Calling is typically triggered by a combination of factors including rain, temperature, 

moon illumination, wind and photoperiod (Schalk and Saenz, 2016, Willacy et al., 2015, 

Saenz et al., 2006, Hauselberger and Alford, 2005, Oseen and Wassersug, 2002). The 
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aim of my study was to describe the role of these environmental factors wind and 

photoperiod not included, on the probability of calling for floodplain wetland frog 

species in the semi-arid lower Lachlan Catchment. By understanding which factors are 

important for individual species, water flows can be used to provide breeding habitat 

at the correct time of year or, when conditions might be most appropriate in the 

Lachlan Catchment. This may help increase successful opportunities for breeding by 

targeting species. This is important in a system where flows to wetlands are often 

delivered through human management of environmental water.  
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 Methods 

4.2.1 Call recording collection 

Call data were collected from ten locations across a 250km section of the lower 

Lachlan floodplain between 2010 and 2013 (Figure 4-1, Table 4-1). Sites ranged from 

three km to 43km apart (Figure 4-1). Recordings were collected with Song metres 

SM2s and Olympus DS50 digital voice recorders with stereo microphones. Recorders 

were set within five metres of the shore line, as close as possible to the water body 

taking into account potential inundation risks. Recording data were contributed to this 

project by Paul Packard from the NSW Office of Environment and Heritage. Recordings 

were made daily for 15-30 minutes over a one to six month period when the sites had 

received water and were fully inundated. The time each recording started was variable 

and only recordings made after Civil twilight were used. Civil twilight, as defined by the 

Commonwealth of Australia (Geoscience Australia), is when the centre of the Sun is at 

a depression angle of six degrees (6°) below an ideal horizon and large objects may be 

seen, but in no discernible detail. 

Table 4-1: List of sites and recording dates. LT= Lim. tasmaniensis, CP= C. parinsignifera, LP= Lit. peronii, LI= Lim. 
interioris, RRG= River red gum, BB= Black box, lig= lignum 

Site 
Dominant 
vegetation 

Site type 
Recording start 
date 

Recording finish 
date 

Species 
recorded 

Murrumbidgil Swamp RRG  wetland 
31/08/2011 4/12/2011 

LI, LP, LT 
17/09/2012 12/12/2012 

Blockbank lig  wetland 1/09/2011 17/10/2011 CP, LI, LP, LT 

Cuba Dam lig  weir 28/09/2011 15/12/2011 LT 

Booligal North boundary Lig wetland 16/03/2010 14/04/2010 CP, LT 

Toms Lake 1 BB/ lig weir 
3/10/2010 9/11/2010 

CP, LI, LP, LT 
13/07/2011 15/12/2011 

Toms Lake 2 BB/ lig weir 13/07/2011 6/10/2011 CP, LI, LP, LT 

Lake Tarwong BB/ RRG/ lig wetland 29/09/2011 18/12/2011 LI, LP, LT 

Toopuntal – Charleys 
point 

Reed wetland 13/04/2010 23/05/2010 CP, LT 

Geramy RRG/ reed river 13/03/2010 25/05/2010 CP, LI, LP, LT 

Lake Bullogal RRG wetland 13/12/2012 28/01/2013 LP, LT 
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Figure 4-1: Map of call recording sites in the lower Lachlan Catchment 

4.2.2 Call recording processing 

Recordings were subsampled one minute for every five minutes of recording and 

species presence or absence was recorded. Subsampling design was informed by 

studies (Pierce and Gutzwiller, 2004, Shirose et al., 1997) which indicates that species 

richness does not significantly increase after 15 minutes and the sampling rate chosen 

detects all dominant species. Therefore, only the first 15 minutes of each recording per 

day were used. A trial was run at several sites comparing a month of data from a full 

call recording period, all 15 minutes, to sub-samples and no difference in species 

number heard was identified. The number of species calling were also recorded on a 

scale of 0-4 at the same time as presence absence and placed into a calling abundance 

category (Table 4-2). 
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Table 4-2: Calling abundance categories 

Calling abundance category Description 

0 no calling 

1 1-2 calling infrequently 

2 1-5 calling frequently 

3 6-10 calling 

4 11+ calling 

 

4.2.3 Covariates 

With little published information on frog calling in semi-arid and arid areas, 

environmental variables for this study were based on two factors, common 

environmental cues in other call studies and what data could be sourced from 

historical records. For this reason, rainfall in the last seven days, temperature and 

moon illumination were selected. Although rainfall was seen to be an important factor 

in arid Brazil (dos Santos Protázio et al., 2015) its impact in my study might vary as my 

study sites were already inundated by water flows. 

Temperature and rainfall 

Half hourly data records for temperature at Hay NSW where requested from the 

Bureau of Meteorology (BOM). The closest reading within half an hour was then 

allocated to each daily recording. This station is the closest location that records 

temperature. 

Rainfall was accumulated for a seven day period for each day recordings were made. A 

seven day period was chosen to identify large accumulated rainfall events which would 

have the highest impact within this semi-arid region. Low level rainfall events often 

evaporate quickly. These data were also retrieved from BOM at stations (Belmont, 

Walmer Downs, Oxley and Ulonga) within a 35km radius of each site. 
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Moon illumination 

Moon illumination data were retrieved for each day from Astronomical Applications 

Department U.S. Naval Observatory, 

http://aa.usno.navy.mil/data/docs/MoonFraction.php. The figure falls between zero 

and one with zero being no illumination (no moon) and one being full illumination (full 

moon). The presence of cloud cover was not able to be accounted for due to the 

historic nature of the data. However, this was considered to not influence the results 

significantly given the time period that the call data were recorded. 

4.2.4 Data analysis 

Presence absence data were used to run generalised liner mixed effect models taking 

into account site variation in RStudio version 0.99.473 (R version 3.2.2). Models were 

binary, based on the presence or absence of a species within call data. Temperature 

was log transformed with a log10 base. AIC weight was used to determine the top ranked 

models. Multicollinearity among variables was explored using variance inflation factors 

(VIF) via collinearity diagnostics in linear regression (Zuur et al., 2010). Each 

independent variable was regressed against all others and where a VIF value of > 3 was 

recorded, variables were systematically removed (larger VIF values first) until all VIF 

values were ≤ 3. This removed the possibility of running models with correlated 

independent variables. A correlation matrix based on Spearman’s rank correlation was 

used to identify significant (P < 0.05, two-tailed) correlations among the calling 

abundance categories of each species studied (Appendix 7).  
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 Results 

4.3.1 Calling probability models 

Limnodynastes tasmaniensis 

The top model for Lim. tasmaniensis contained all factors (Table 4-3) with calling 

increasing with increasing temperature (p= 0.000, 95% CI= (1.202, 4.463))  

(Figure 4-2 (a)), and rainfall accumulation (p= 0.0185, 95% CI= (0.009, 0.061))  

(Figure 4-2(c)), while the probability of calling decreased with increasing moon 

illumination (p= 0.018 95% CI= (-1.572, -0.288)) (Figure 4-2(b)). 

Table 4-3: Highest ranked (within 2 AIC points) calling probability models for LT= Lim. tasmaniensis, LI= Lim. 
interioris, CP= C. parinsignifera and LP= Lit. peronii. Moon = moon illumination, logtemp = Temperature 
transformed with log10 base, rainsev = rain in the last seven days. Full calling probability models for each species 
in Appendix 8 

Species Model n AIC change AIC loglik df.resid pval AIC wgt 

LT moon+logtemp+rainsev 705 552.704 0.000 -271.352 700.000 0.000 0.913 

LI 
moon+rainsev 

495 
465.447 0.000 -228.724 491.000 0.000 0.688 

moon+logtemp+rainsev 467.396 1.945 -228.698 490.000 0.000 0.260 

CP 

moon+logtemp+rainsev 

318 

243.372 0.000 -116.686 313.000 0.004 0.324 

logtemp+rainsev 243.630 0.259 -117.815 314.000 0.004 0.284 

logtemp 244.584 1.212 -119.292 315.000 0.005 0.177 

moon+logtemp 245.229 1.857 -118.614 314.000 0.010 0.128 

LP 
logtemp 

540 
508.266 0.000 -251.133 537.000 0.000 0.421 

logtemp+rainsev 508.881 0.615 -250.441 536.000 0.000 0.309  
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a)  

b)  

c)  
Figure 4-2 (a-c): Top model for Lim. tasmaniensis, probability of calling for a) logtemp= Log of temperature, b) 
moon= moon illumination and c) rainsev= rain in last seven days
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Limnodynastes interioris 

The top model for Lim. interioris contained both moon illumination and rain in the last 

seven days with the second model, within two AIC points, including all three factors 

(Table 4-3). The top model of moon illumination and rainfall in the last seven days had 

a much greater AIC weighting than the second top model. The probability of calling 

decreased with increasing moon illumination (p= 0.005, 95% CI= (0.282, 1.633)) and 

increased with increasing rainfall in the last seven days  

(p= 0.001, 95% CI= (0.013, 0.045)) (Figure 4-3(a-b)). In the second highest model the 

probability of calling also slightly increased with increasing temperature, but not 

significantly (p=0.820, 95% CI= (-1.477, 1.886)) (Table 4-3). 
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a)  

b)  
Figure 4-3 (a-b): Top model for Lim. interioris, probability of calling a) moon= moon illumination and b) rainsev= 
rain in last seven days  
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Crinia parinsignifera 

Crinia parinsignifera had all factors occurring together in the highest ranked model, 

followed with different combinations of all three factors, falling within two AIC points. 

Temperature was the only factor present in the four highest ranked models indicating 

that it may have a strong influence on C. parinsignifera probability of calling  

(Table 4-3). The probability of calling increased with increasing temperature  

(p= 0.017, 95% CI= (0.000, 5.754)) and rainfall in the last seven days, with rainfall 

having the highest variability (p= 0.044, 95% CI= (0.000, 0.031)) (Figure 4-4(a, c)). The 

probability of calling decreased with increasing moon illumination, but not significantly 

(p= 0.128, 95% CI= (0.000, 0.229)) (Figure 4-4(b)). 
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a)  

b)  

c)  
Figure 4-4 (a-c): Top model for C. parinsignifera, probability of calling for a) logtemp= Log of temperature, b) 
moon= moon illumination and c) rainsev= rain in last seven days  
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Litoria peronii 

The top ranked model for Lit. peronii was a univariate model containing temperature. 

The second ranked model, within two AIC points, contained temperature and rainfall in 

the last seven days (Table 4-3). The probability of calling increased with increasing 

temperature (p= 0.000, 95% CI= (6.058, 9.803)) (Figure 4-5). Rainfall was insignificant 

with no increasing or decreasing relationship with occupancy probability. All readings 

were at 0.00, with a large confidence interval (p= 0.234, 95% CI= (-0.006, 0.022)). 

 

 

Figure 4-5: Top model for Lit. peronii, probability of calling for logtemp= Log of temperature 

 

It is important to acknowledge that given their low significance the following variables 

may be uninformative parameters and potentially disregarded (Arnold, 2010). The 

following variables are potentially uninformative and should be considered with 

caution for each species. Limnodynastes tasmaniensis relationship with temperature in 

its second highest ranked model (Table 4-3). Moon illumination, which is in the highest 

ranked model for C. parinsignifera (Table 4-3, Figure 4-4). Rainfall in the second highest 

ranked model for Litoria peronii (Table 4-3). 
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 Discussion 

Temperature, rainfall in the last seven days and moon illumination were all associated 

with the probability of calling for the four species, but the relative importance of each 

factor varied among species. For Lim. tasmaniensis and C. parinsignifera, all three 

factors appeared in the highest ranked model. For Lit. peronii the highest ranked 

model contained temperature and for Lim. interioris, moon illumination and rain in the 

last seven days were in the top model. This agrees with previous studies 

demonstrating that individual species have differing interactions with abiotic factors 

such as temperature, both air and water (da Silva Ximenez and Tozetti, 2015, 

Hauselberger and Alford, 2005, Oseen and Wassersug, 2002), rainfall (Schalk and 

Saenz, 2016, dos Santos Protázio et al., 2015, Hauselberger and Alford, 2005, 

Gottsberger and Gruber, 2004) and less often moon illumination (Brooke et al., 2000).  

Despite some environmental factors having a stronger influence than others, Lim. 

tasmaniensis and C. parinsignifera were still influenced by temperature, rainfall in the 

last seven days and moon illumination. Although moon illumination was not strongly 

supported for C. parinsignifera. Both species can call across a range of seasons 

throughout the year (Anstis, 2013). Species with extended calling windows may 

reserve their energy until conditions are appropriate within all environmental factors 

for breeding (Oseen and Wassersug, 2002). Limnodynastes tasmaniensis and  

C. parinsignifera may therefore require the correct combination of all three 

environmental factors for breeding conditions to be ideal. Frogs with extended calling 

periods responding to a greater number of environmental factors for breeding can be 

seen in the North American species Lithobates clamitans and Rana catesbeiana. These 

species call over long periods, like Lim. tasmaniensis and C. parinsignifera, and have a 

greater response to environmental variables including water temperature and time of 

day (Oseen and Wassersug, 2002). Brooke et al. (2000) alternately suggest that frogs 

that breed over extended periods respond less to environmental cues and more too 

social facilitation. Therefore, an alternate explanation to Lim. tasmaniensis and  

C. parinsignifera responding to all environmental factors is that the unmeasured factor 

of social facilitation, the number of other males calling of the same species, has a 

strong influence on daily calling probability. As was the case for Crinia signifera, a 



 

75 
 

species closely related to C. parinsignifera (Wong et al, 2004). A positive relationship 

between temperature and call response was only found between C. signifera 

individuals calling continuously on their own. Those calling with other individuals were 

not significantly influenced by temperature, suggesting that call rates, and those of  

C. parinisignifera due to its close relationship to the study species, can be influenced 

by social environment (Wong et al., 2004). 

Limnodynastes interioris calling probability was strongly influenced by rainfall in the 

last seven days and moon illumination. Rainfall had a strong impact on calling 

probability with this probability rising above 0.5 only after there had been 57.5mm of 

rain in the previous week. This is expected because Lim. interioris is a burrowing 

species and activity is linked with rainfall (Anstis, 2013). Calling probability in the arid 

Caatinga of Brazil is also strongly influenced by rainfall (dos Santos Protázio et al., 

2015). Decreased illumination only slightly increased Lim. interioris probability of 

calling. Therefore the presence of moon illumination in the top model for  

Lim. interioris could be because less light provides better shelter from visually 

orientated predators (Jaeger and Hailman, 1981). 

Litoria peronii calling probability was driven by temperature. Calling probability did not 

exceed 0.5 until the temperature reached around 20°C. Litoria peronii has a peak 

calling and breeding time over late spring and summer and therefore its strong 

relationship with temperature is not unexpected (Anstis, 2013). Other summer 

breeding species can also have a close association with high water temperature due to 

their egg masses requiring the higher temperatures for successful development (Oseen 

and Wassersug, 2002). Studies on frogs in temperate climates also found species have 

a varied response to temperature, both air and water (da Silva Ximenez and Tozetti, 

2015, Hauselberger and Alford, 2005, Oseen and Wassersug, 2002). 

Several factors may have influenced calling probability that were not able to be 

measured within this study. Recently in tropic and subtropic locations, photoperiod 

has been discussed as having a strong influence on calling and subsequently that 

seasonality, with the combined abiotic factors within this, has the greatest influence 

on individual species calling probability (Schalk and Saenz, 2016, Canavero and Arim, 

2009, Bradshaw and Holzapfel, 2007). Water level changes and hydroperiod have also 
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been seen to influence frog diversity and reproduction at sites and therefore might 

influence calling probability. (Snodgrass et al., 2000, Pechmann et al., 1989). This could 

explain the weaker than expected relationships with rainfall that I found. My study did 

not have the capacity to test this hypothesis and was primarily focused on 

environmental factors that promote calling in a semi-arid region when sites were 

already inundated. Seasonality was not considered as this study examined day to day 

variability that promotes calling. Temperature can also be used as a rough proxy of 

season. 

There were several restrictions to in my study. The use of data collected by another 

individual several years before the commencement of this study presented a minor 

limitation as I had to source climate data from the closest weather stations and could 

not collect it from the same location as the recorder was set. It is also important to 

note that calling is an indication of attempted breeding by a species and is not 

indicative of successful recruitment. Recruitment studies would require observational 

surveys of tadpoles, juveniles and adults at each site. 

Calling activity by the four species studied showed varying relationships with 

temperature, rainfall in the last seven days and moon illumination. My results are in 

line with previous studies in tropical and temperate regions that have shown high 

levels of variability between species with respect to the prevailing environmental and 

climatic conditions. Triggers for calling therefore need to be considered when 

managing habitats and the delivery of water. For example, the timing of wetland 

inundation could influence the probability of breeding by resident species, with 

temperature sensitive species such as Lit. peronii only calling in warmer seasons. 

Targeting watering during winter and allowing wetlands to dry down early in summer 

might therefore limit breeding opportunities for temperatures sensitive species. In 

contrast, calling activity by other species might require specific climatic cues to trigger 

calling, for example calling by Lim. interioris was strongly influenced by rainfall. These 

species can still be supported through water management, by making sure 

hydroperiods are long enough to allow tadpoles to reach metamorphosis following 

significant rain events. 
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5 Moisture loss in terrestrial microhabitats in a semi-arid region 

 Introduction 

Arid and semi-arid regions present a range of challenges for amphibians with semi-

permeable skin; they are exposed to the drying air, high temperatures and low 

humidity which all impact rates of water loss (Navas et al., 2004, Warburg, 1965). In 

semi-arid and arid landscapes, the availability of shelter and the behavioural capacity 

of amphibians to find and utilise this shelter is important for reducing evaporative 

water loss (Chambers, 2008, Schwarzkopf and Alford, 1996). Frogs ability to find and 

utilise shelter can directly impact their ability to survive (Rowley and Alford, 2010).  

Microhabitat is the fine scale habitat that provides short-term shelter, for frogs the 

availability of microhabitats can provide protection from water stress. Key 

microhabitat types used by frogs include vegetation, leaf litter, coarse woody debris, 

burrows and fissures for shelter (Bleach et al., 2014, Cook and Jennings, 2007, Smith et 

al., 2003, Lemckert and Brassil, 2000, Schwarzkopf and Alford, 1996, Whiles and 

Grubaugh, 1996, Creusere and Whitford, 1976).The choice of microhabitats is often 

strongly influenced by moisture and humidity relative to the surrounding environment 

(Smith et al., 2003, Sinsch, 1989, Creusere and Whitford, 1976). Microhabitat that is 

used diurnally by frogs has been seen to provide different levels of protection from 

water stress, making shelter selection vital (Rowley and Alford, 2010).  

In semi-arid regions of Australia, frogs are represented by three main life histories– 

arboreal, burrowing, and non-burrowing ground species (that seek refuge). Individual 

species also differ with respect to the rate at which moisture is lost from an 

amphibians skin (water proofing), and species with high water proofing capacity have a 

much lower rate of evaporative water loss than frog species that lose water at an 

evaporative rate equivalent to a free water surface (Withers et al., 1984). In Australia, 

the arboreal members of the Litoria genus show the greatest resistance to evaporative 

water loss with species such as Litoria bicolor having high and Litoria caerulea having 

moderate evaporative water loss resistance, respectively (Young et al., 2005). With 

respect to microhabitat choice, tree hollows and coarse woody debris often provide 

important microhabitats and shelter for arboreal frog species  
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(Gibbons and Lindenmayer, 2002, Whiles and Grubaugh, 1996). Burrowing frog species 

can be either cocoon or non-cocoon forming and have the ability to aestivate which, 

along with burrowing below ground to avoid dry conditions, helps protect them 

against evaporative water loss. Non-burrowing ground species largely lose water at the 

same rate as a free water surface, meaning the use of microhabitats on the ground is 

highly important for protection against desiccation (Amey and Grigg, 1995, Spotila and 

Berman, 1976). 

Although microhabitat is important for providing shelter for frog species from 

evaporative water loss, it is difficult to measure evaporative water loss from live frogs 

in field conditions. However, an estimate of relative water loss under different 

environmental conditions can be achieved with the use of agar frog models. Agar frog 

models are useful for delineating water stress for frogs within a field environment, 

with the advantages of allowing specific microhabitat selection and reduced impact on 

living individuals (Rowley and Alford, 2010). Agar is a free water surface and therefore 

loses water at the same rate as frog species that also lose water at the same rate as a 

free water surface (Spotila and Berman, 1976). Agar models have been used 

successfully in comparing water loss among several Australian frog species within a 

laboratory setting (Rowley and Alford, 2010, Tracy et al., 2008, Amey and Grigg, 1995, 

Buttemer, 1990). They have also been used to determine the range of internal body 

temperatures of frogs influenced by cutaneous evaporative water loss in selected 

microhabitats (Roznik and Alford 2014). Agar frogs have also been used successfully in 

the field to measure water loss of native and introduced amphibian species in northern 

Australia (Roznik and Alford, 2014, Rowley and Alford, 2010, Schwarzkopf and Alford, 

1996). They appear to be most effective in measuring evaporative water loss for frogs, 

when the individual modelled has no known evaporative water loss resistance, such as 

Lim. tasmaniensis (Rowley and Alford, 2010). These models can be made to the size of 

target species and left in the field to facilitate comparisons of evaporative water loss 

for different sized frog species under different environmental conditions. They allow 

known microhabitat locations to be selected and measurements to be taken at 

selected times.  
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The aim of this study is to describe differences in the evaporative water loss of a 

common non-burrowing ground frog in frequently occurring microhabitats and to 

identify suitable microhabitats. It was conducted during the drying period of a wetland 

and creek system, when terrestrial microhabitat is likely to be most important for frog 

survival. Microhabitat selection and the availability of suitable microhabitats may 

increase the probability of survival during dry periods. This is particularly important in 

semi-arid environments, where frogs often experience desiccating conditions. 

Availability of suitable microhabitats might help describe patterns of occupancy in 

semi-arid landscapes and will allow for habitat management that promotes the 

availability of these locations. The accessibility of these microhabitats can also be 

ensured in artificially created aquatic habitats. This shelter is crucial for frog survival in 

semi-arid areas. 
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 Methods 

5.2.1 Site selection 

Two sites, one wetland and one creek, were selected within the lower Lachlan 

Catchment on Yandumblin Creek (Figure 5-1). The experiment was conducted from the 

4th- 8th of September and the 5th- 8th October 2013, across a five and four-day period 

(one day is 24 hours). The change in time periods was to account for increased 

temperatures in October that would have impacted the effectiveness of the 

experiment by excessively drying out models. 

 

Figure 5-1: Map of microhabitat sites on Yandumblin Creek 

5.2.2 Agar models 

Agar frog models were made at two sizes - 36mm length by 30mm at widest point and 

25mm length by 20mm at widest point. These lengths where based on data from frog 

communities in the Murrumbidgee Catchment, which neighbours the Lachlan 

Catchment (Croft, 2012). Widths were based on frog shape when in a water conserving 

position. They represent Limnodynastes fletcheri and Limnodynastes tasmaniensis, the 

most common frog species in the lower Lachlan Catchment (see Chapter two- area 

description). Sizes could also represent juveniles and adults for many frog species. Frog 

shaped moulds were formed to the specified lengths above out of plasticine and a 

plaster of paris mould. A three percent agar solution was poured into moulds and 

allowed to set. Three percent agar loses water at the same rate as a free water 
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surface, which is the same as frogs with no water-proofing life history traits (Amey and 

Grigg, 1995, Spotila and Berman, 1976). Each agar frog was then stored individually in 

a zip lock bag within the fridge and transferred between locations within an esky filled 

with ice. 

5.2.3 Microhabitat placement 

In September, four replicates of each agar model size were placed within three types 

of microhabitat; open area, soil cracks and cover (n= 12 for 36mm and n=12 for 25mm 

sizes) at each site. In October, three replicates of each size were placed in four 

microhabitat types; open area, soil cracks, cover and vegetation (n= 12 for 36mm and 

n=12 25mm sizes) at each site. Microhabitat types were chosen based off Hazell et al 

(2003) and observation from broad-scale surveys conducted in Chapter 3. Agar frogs in 

open areas were placed within two metres of the water’s edge and ≥ one metre from 

ground cover such as vegetation that might provide any form of protection  

(Plate 5-1(a)). Within soil cracks, fissures formed by the drying of soil, agar frogs were 

placed at a depth of 15cm in a crack of two to four cm in width. A depth of 15cm was 

chosen as this is the deepest that the models were able to be inserted without 

damaging them or the microhabitat. This was achieved by inserting a wire (wire has 

been shown to not impact surface properties and evaporative water loss  

(Spotila and Berman, 1976)) through the body that allowed the agar frogs to be easily 

removed (Plate 5-1(b)). Cover was defined as logs of ≥15cm diameter and ≥30cm in 

length and agar frogs were placed directly beneath them. If necessary, small hollows 

were dug to prevent damaging the models (Plate 5-2 (a)). Vegetation ranged from 

lignum and tussocks and grasses, and was often >5m from the water’s edge. 

Vegetation had to be taller than 30cm and cover an area of ≥30cm2 to be considered 

adequate to provide shelter (Plate 5-2(b)). Agar frogs were placed in or under the 

vegetation to replicate the role of vegetation in sheltering live frogs. Wire cages were 

placed over agar frogs to avoid interference from wildlife (Plate 5-1(a-b)). 
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a)

 

b) 

 

Plate 5-1 (a-b): a) Example of open area, b) example of soil crack microhabitat 
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a) 

 

b) 

 
 Plate 5-2 (a-b): a) example of cover microhabitat, b) example of vegetation microhabitat 
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5.2.4 Moisture loss calculation 

Agar frogs were weighed to the nearest 0.001g on an analytical balance scale and 

stored in sealed zip lock bags and refrigerated to prevent water loss prior to being 

placed in microhabitat locations. Storage did not exceed three days, and a trial prior to 

the main experiment determined that minimal water loss was experienced under 

storage conditions. On collection from the microhabitats, agar frogs were stored in the 

same conditions for three days. Debris was removed from the agar frogs using a 

paintbrush. They were then re-weighed on the same scales and moisture loss 

determined by calculating the difference between the pre- and post-placement 

weight. 

5.2.5 Microhabitat characteristics 

Temperature and humidity 

Temperature and humidity are key drivers of moisture loss and they were measured to 

see if they had a significant influence on the desiccation of agar models. Temperature 

and humidity readings in each microhabitat were taken using a DS1923 Hygrochon 

iButton (iButton) at random between 12:00 and 16:00, which was considered the 

hottest period of the day. Readings were taken at random to avoid any biased results 

relating to the time of day. The iButton was left within each individual microhabitat 

location for one minute per day, to allow it to acclimatise, and readings were taken 

every five seconds, but only the final one was used. The mean of both temperature 

and humidity was taken from the measurements taken daily in the four and five day 

survey periods. The overall mean of daily temperature and humidity readings across all 

five or four days for each microhabitat type was used for analysis. The change in time 

periods was to account for increased temperatures in October that would have 

impacted the effectiveness of the experiment by excessively drying out models. 

Soil moisture 

Soil moisture at microhabitat sites was also determined via the collection of soil 

samples taken at the removal of agar models, so that any damage to the microhabitat 

would not impact on the water loss of the agar models. A sample of >100 grams was 

taken and placed in an oven proof container. The lids of the sample containers were 

then taped to stop any moisture loss. Individual soil samples were weighed to the 
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nearest 0.001g before placement in the drying oven. They were then placed, lids 

removed, within the drying oven at 100°C until three consecutive weight readings of 

the same mass where obtained, indicating the removal of all moisture from the 

sample. The amount of mass lost by the sample indicated the amount of moisture and 

this was used to determine the percent moisture of the soil sample. 

5.2.6 Data analysis 

General linear models (GLMs) and pairwise Bonferroni post hoc tests were used to 

determine if significant (P < 0.05) differences existed among agar frog moisture losses 

across microhabitat types. A correlation matrix based on Spearman’s rank correlation 

was used to identify significant (P < 0.05, two-tailed) correlations among moisture 

losses and microhabitat characteristics. Regression curve estimations were used to 

identify non-linear relationships (linear, quadratic, logarithmic, cubic, exponential and 

logistic) between moisture losses and microhabitat characteristics (P < 0.05). (SPSS 21).   
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 Results  

5.3.1 Microhabitat characteristics 

There were significant temperature and humidity differences between microhabitat 

types (Figure 5-2, Figure 5-3, Table 5-1). Open areas had the highest mean 

temperature of 32°C while vegetation had the lowest at 23°C (Figure 5-2). Mean 

humidity was highest in soil cracks 67 relative humidity percentage (RH%) and lowest 

in open areas at 39.5 RH% (Figure 5-3). Vegetation had an outlying high reading of 45 

RH%, but this is still lower than the mean relative humidity in soil cracks (Figure 5-3). 

The mean is representative of the maximum temperatures experienced in these 

microhabitat types as it is the mean of maximum temperatures taken in the hottest 

part of the day in each microhabitat site. Although there was no significant difference 

between months, there was a significant interaction between microhabitat type and 

month, indicating that temperature and humidity had a different response to the 

changing season in each microhabitat (Table 5-1, Figure 5-4). The overall significant 

difference in temperature was caused by open areas being significantly hotter than all 

other microhabitat types, while open areas had significantly lower humidity than soil 

cracks and cover (Table 5-2).  

Variance among percent soil moisture readings was unequal so a non-parametric 

Kruskal Wallis test was used to determine differences between microhabitat sites. 

There was a significant difference between the percent soil moisture in open areas vs. 

soil cracks (Kruskal Wallis Test χ2= 3.680, adj. sig.= 0.001). All soil moisture readings 

were particularly low, with none exceeding 32%. The lowest mean percent soil 

moisture was in soil cracks at 6.42% in October 2013, and highest was in open areas at 

15.69% in September 2013 (Figure 5-4). 

Table 5-1: Results of general linear model of temperature and humidity differences between microhabitat types 
and months 

 Type df F Sig. Adj. R2 

Temperature 

Microhabitat type 3 39.003 0.000 

0.726 Month 1 1.980 0.167 

Microhabitat type* month 2 3.599 0.037 

Humidity 

Microhabitat type 3 10.654 0.000 

0.469 Month 1 1.600 0.213 

Microhabitat type* month 2 3.502 0.040 
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Table 5-2: Bonferroni post hoc tests of pairwise comparisons of temperature and humidity values between 
microhabitat types 

Dependent Variable Mean Difference Std. Error Sig. 

Mean temperature 

cover 

open -7.79* 0.876 0.000 

soil crack 0.05 0.893 1.000 

vegetation 1.09 1.208 1.000 

open 

cover 7.79* 0.876 0.000 

soil crack 7.84* 0.893 0.000 

vegetation 8.87* 1.208 0.000 

soil crack 

cover -0.05 0.893 1.000 

open -7.84* 0.893 0.000 

vegetation 1.03 1.220 1.000 

vegetation 

cover -1.09 1.208 1.000 

open -8.87* 1.208 0.000 

soil crack -1.03 1.220 1.000 

Mean humidity 

cover 

open 11.07* 2.936 0.003 

soil crack -6.94 2.992 0.154 

vegetation 3.81 4.047 1.000 

open 

cover -11.07* 2.936 0.003 

soil crack -18.01* 2.992 0.000 

vegetation -7.26 4.047 0.484 

soil crack 

cover 6.94 2.992 0.154 

open 18.01* 2.992 0.000 

vegetation 10.75 4.088 0.073 

vegetation 

cover -3.81 4.047 1.000 

open 7.26 4.047 0.484 

soil crack -10.75 4.088 0.073 
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Figure 5-2: Boxplot of temperature for microhabitat types across September and October 2013 

 
Figure 5-3: Boxplot of humidity for microhabitat types across September and October 2013 

 
Figure 5-4: Box plot of percent soil moisture for microhabitat types across months, September and October 
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5.3.2 Agar models 

There was no significant difference between the mean daily percent moisture losses of 

the two agar model sizes. Models of 36mm lost 21.13% per day and 25mm models lost 

21.90% (paired sample t test; t= -0.828, s=0.412). 

Soil cracks had the lowest mean percent daily loss for both sizes; 17.5% for 36mm and 

19.3% for 25mm. Vegetation had the highest mean percent daily loss for both sizes; 

23.7% for 36mm and 26.2% for 25mm, but these values were similar to open areas 

(23.38% for 36mm and 23.9% for 25mm) (Figure 5-5). Rates of moisture loss from agar 

models differed significantly between microhabitat types and there was a consistent 

relationship with moisture loss in microhabitat types increasing over time, but this was 

stronger for 36mm frogs (Table 5-3). The overall difference in microhabitats was 

largely driven by a significant difference between soil cracks and open, with soil cracks 

having the lowest rate of moisture loss and open having the highest rate (Table 5-4). 

 
Figure 5-5: Mean percent daily moisture loss of 36mm and 25mm agar models by microhabitat type (36mm 
models- cover n= 14, open n=14, soil crack n= 13, vegetation n= 5. 25mm models- cover n= 13, open n= 14, soil 
crack n= 13, vegetation n= 5) 
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Table 5-3: Results of general linear model for 36mm and 25mm agar models percent moisture loss 

 Type df F Sig. Adj. R2 

36mm percent 
moisture loss 

Microhabitat type 3 5.225 0.004 

0.222 Month 1 1.583 0.215 

Microhabitat type* month 2 2.296 0.113 

25mm percent 
moisture loss 

Microhabitat type 3 3.389 0.027 

0.157 Month 1 4.192 0.047 

Microhabitat type* month 2 1.553 0.224 

 

Table 5-4: Bonferroni post hoc of mean percent daily moisture loss between microhabitat types for both 36mm 
and 25mm agar models 

 

  

Dependent Variable Mean Difference  Std. Error Sig. 
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cover 

open -3.234 1.635 0.332 

soil crack 2.950 1.665 0.508 

vegetation -0.531 2.427 1.000 

open 
soil crack 6.184* 1.635 0.003 

vegetation 2.704 2.407 1.000 

soil crack 
open -6.184* 1.635 0.003 

vegetation -3.481 2.427 0.960 

vegetation 
open -2.704 2.407 1.000 

soil crack 3.481 2.427 0.960 
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cover 

open -2.474 1.510 0.659 

soil crack 2.508 1.537 0.668 

vegetation -3.256 2.241 0.928 

open 
soil crack 4.981* 1.510 0.013 

vegetation -0.782 2.222 1.000 

soil crack 
open -4.981* 1.510 0.013 

vegetation -5.763 2.241 0.086 

vegetation 
open 0.782 2.222 1.000 

soil crack 5.763 2.241 0.086 
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5.3.3 Drivers of moisture loss in microhabitats 

Temperature and humidity 

There was a positive correlation between temperature and daily moisture loss for 

36mm agar models (rho= 0.375, p= 0.010) (Figure 5-6(a)), and a negative correlation 

between humidity and moisture loss for both model sizes  

(36mm rho= -0.431, p= 0.003; 25mm rho= 0.443, p= 0.003) (Figure 5-7(a-b)). Soil 

moisture change was positively correlated with percent daily moisture loss for both 

36mm (rho= 0.341, p= 0.020) and 25mm size models (rho= 0.405, p= 0.006). 

a)  b)  

 
Figure 5-6: Percent daily moisture loss against mean temperatures at microhabitats with logarithmic curve of a) 
36mm agar frogs b) 25mm agar frogs 

a)  b)  

 
Figure 5-7: Percent daily moisture loss against mean humidity at microhabitats with logarithmic curve of a) 36mm 
agar frogs b) 25mm agar frogs  
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Soil moisture 

Soil moisture differed significantly between microhabitat types, and owing to this 

significant variance the relationship between soil moisture and microhabitat type was 

considered individually. Curve estimations are only shown for cover and soil cracks as 

they were the only sheltering microhabitats that had a significant relationship with soil 

moisture. Also, open area was excluded from curve estimations as its relationship with 

soil would have been heavily influenced by the surrounding environment.  

Percent soil moisture in cover and open areas was significantly negatively correlated 

with daily moisture loss in 25mm agar models, while percent soil moisture in soil crack 

microhabitats was significantly negatively correlated with daily moisture loss in both 

36mm and 25mm agar models (Table 5-5). Vegetation had too few cases to be able to 

determine any significant relationships. In the future, this could be avoided by having 

more agar models. Although soil crack microhabitats had lower soil moisture readings 

than cover microhabitats, they also had lower daily moisture loss for agar models with 

readings below ten percent loss, whilst all cover microhabitat readings were greater 

than ten percent (Figure 5-8(a-b), Figure 5-9(a-b)).  

Table 5-5: Correlation table for agar model mean percent moisture loss and soil moisture by microhabitat type 
(36mm: cover n= 14, open n= 14, soil rack n= 13, vegetation n= 6, 25mm: cover n= 14, open n= 14, soil crack n= 13, 
vegetation n= 6) 

Type  

Soil moisture percent 

Correlation 
Coefficient 

Sig. (2-tailed) 

Cover 
36mm percent daily moisture loss -0.473 0.088 

25mm percent daily moisture loss -0.559 0.038** 

Open 
36mm percent daily moisture loss -0.396 0.162 

25mm percent daily moisture loss -0.540 0.046** 

soil crack 
36mm percent daily moisture loss -0.560 0.046** 

25mm percent daily moisture loss -0.593 0.033** 

vegetatio
n 

36mm percent daily moisture loss -0.771 0.072 

25mm percent daily moisture loss -0.667 0.148 
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Figure 5-8 (a-b): Curve estimations for cover microhabitat a) 25mm (f= 6.234, sig= 0.028, adjusted R= 0.287) and 
b) 36mm (f= 4.286, sig= 0.061, adjusted R= 0.202)  

 

   

Figure 5-9 (a-b): Curve estimations for soil crack microhabitat a) 25mm (f= 24.133, sig= 0.000, adjusted R= 0.658) 
and b) 36mm (f= 10.704, sig= 0.007, adjusted R= 0.447) 

 

   

a) b) 

a) b) 
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 Discussion 

Microhabitat type and condition impacts the evaporative water loss of agar frog 

models. The temperature, humidity and soil moisture conditions all influenced 

moisture loss and these conditions varied between microhabitat types studied. The 

size of the agar frog models, 25mm and 36mm, did not impact percentage of 

evaporative water loss as they had similar mean daily percent moisture loss. However, 

body size may impact the amount of time a frog can survive within a desiccating 

environment.  

Microhabitats differed in terms of temperature and humidity. The significant 

difference in temperature was driven by the variation between open areas, and all 

other microhabitat types. Monitoring of ambient temperature in soil cracks at 25cm 

and surface area over time indicates that there is less fluctuation in temperature in 

soil, with a 0-3°C fluctuation compared to 5.5-18°C on the surface (Warnecke and 

Geiser, 2010). Therefore, soil based microhabitats could provide a more stable, 

constant temperature compared to surface microhabitats. However, I could not test 

this in my study as temperature measurements were only taken once daily. Future 

studies examining microhabitat would benefit from taking multiple readings across the 

day. This would allow for the range of extremes in temperature occurring within the 

microhabitat to be documented. These extremes may influence frog microhabitat 

choice. Significant difference in humidity was driven by open areas relative humidity in 

comparison to soil crack and cover microhabitats. Soil cracks having the highest mean 

humidity agrees with literature that states that evaporative water loss decreases 

deeper into soil layers (Noy-Meir, 1973). Soil cracks provided good microhabitat 

conditions for sheltering from evaporative water loss, based on their cool temperature 

and high humidity. However, there might be other factors that influence microhabitat 

use that have not been included in my study. 

Soil moisture percentage varied between microhabitat types, with cover having the 

highest range of soil moisture readings. Soil crack microhabitats, although having the 

lowest mean soil moisture percentage, had the smallest range, indicating that soil 

crack microhabitat had a more constant and predictable soil moisture content. Soil 

crack microhabitats were often further from the water’s edge than open areas as the 
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soil needed to have started cracking. In many cases this meant that the soil within the 

top 15cm of the crack was quite dry as it had been exposed for a long period. 

Vegetation and cover microhabitats were placed at a range of distances from the 

water’s edge, hence the large range of soil moisture percentages. 

Mean daily percent moisture loss between agar models was not significantly different, 

indicating that within this study size did not have an impact on resistance to 

desiccation. A study by Newman and Dunham (1994) found similar results in that the 

size of metamorphs of Scaphiopus couchii, a burrowing species collected from Big Bend 

National Park, Texas, had little impact on dehydration tolerance. However, larger 

metamorphs will lose water at a lower mass-specific rate putting them at slightly less 

risk of desiccation as they have a longer period of time before they reached critical 

dehydration level (Newman and Dunham, 1994). This means that although size may 

not impact desiccation rate, larger frogs have a slight advantage in drying conditions 

and this could ultimately impact their chance of survival. Other studies by Young et al 

(2005) and Buttemer and Thomas (2003) also suggest that there is no relationship 

between size and resistance to evaporative water loss. These studies primarily focused 

on arboreal species and burrowing species, which both demonstrate higher resistance 

to water loss compared to non-burrowing species, signifying that size does not impact 

water loss across a range of life history traits.  

Moisture loss was significantly different for both agar model sizes between 

microhabitat types, with those placed in soil cracks having the lowest loss. This is likely 

a result of soil cracks having good microhabitat conditions for sheltering from 

evaporative water loss (e.g. high humidity). Higher humidity is important to help 

decrease desiccation, and desert species from overseas, such as Corythomantis 

greeningi, a Brazilian tree frog that inhabits the semi-arid Caatinga, have been found to 

repeatedly select more humid environments over drier ones (Navas et al., 2002). A 

study of Rhinella marina, which also lose water at the same rate as a free water 

surface, in tropical northern Australia indicated that during the dry season they favour 

burrows and natural cavities that provide shelter. These microhabitats are likely to 

have similar microclimate characteristics as soil cracks (Schwarzkopf and Alford, 1996). 

An observational study by Creusere and Whitford (1976) in the Chihuahuan desert also 
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supports the importance of soil crack microhabitats. They documented the daily 

behaviour of juvenile toads, Bufo debilis and Bufo cognatus, and found that 

approximately half of the individuals that sheltered under surface objects (old cow 

dung, wood, clumps of dead vegetation) died, while there was a 100% survival rate 

within soil cracks. 

Agar model moisture loss also correlated with soil moisture, most significantly in soil 

cracks and cover microhabitats. The consistency in soil moisture conditions, along with 

the steady temperature and higher humidity potentially make soil crack microhabitat 

more preferable as a shelter site (Chapter six). Chambers (2008) buried agar models 

within soil, and these models had the lowest evaporative water loss in summer when 

surface temperatures were high, compared to leaf, logs, open and vegetation 

microhabitats, supporting the hypothesis that soil based microhabitats provide the 

most ideal shelter habitat in the desiccating conditions of lower Lachlan. Juveniles of 

five species studied within the arid Chihuahuan desert, Scaphiopus hammondi, 

Scaphiopus bombifrons, Scaphiopus couchi, Bufo debilis and Bufo cognatus, were found 

to follow the expansion of fissures to locate the moisture available in sub-surface soils 

(Creusere and Whitford, 1976).  

Agar frogs in my study were placed at a depth of 15cm in cracks approximately 2- 4cm 

wide. This is due to the limitations of the size of agar models. Real frogs can likely 

access deeper and possibly narrower cracks and these may be even better 

microhabitats as evaporative soil loss decreases deeper into the soil layers  

(Noy-Meir, 1973).  

Frog movements and activity were not accounted for in my study. Frogs can assume a 

water conserving posture to reduce evaporative water loss. This occurs when a frog 

sits with eyes closed, its ventral skin and throat pressed tightly to a surface with its 

limbs drawn into its body, and there is no movement or activity (Amey and Grigg, 

1995, Geise and Linsenmair, 1986). A study by Amey and Grigg (1995) found that the 

rate of water loss in Limnodynastes fletcheri was much higher than their agar replica as 

the real frogs never assumed a water conserving position and had a high level of 

movement. Young et al (2005) also found that evaporative water loss rates were twice 

as high in frogs that did not settle into the water conserving posture. This study does 
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not take into account individual frogs that might have a high level of movement during 

the day. Although high levels of movement are unlikely, if this did occur, it would be 

expected that the water loss rate of such individuals would most likely be much higher 

than what has been recorded here. It is important to note that this study is not meant 

to be compared to real live frog specimens, but is an appropriate way to test 

evaporative water loss under a range of environmental conditions and has been 

successfully employed in previous studies (Roznik and Alford, 2014, Rowley and Alford, 

2010, Amey and Grigg, 1995, Spotila and Berman, 1976). 

Mean temperature and humidity was not found to vary significantly between 

sheltering microhabitat, cover, soil and vegetation, during the drying down of a 

wetland. Soil cracks seem to provide the best diurnal, terrestrial shelter, with agar 

models having the least evaporative water loss, despite low soil moisture. However, 

each microhabitat type displayed a large range of readings for temperature and 

humidity. This indicates that even within the same microhabitat type, conditions can 

vary greatly. Further study of the sheltering microhabitat characteristics may give 

greater insight into which provide the best sheltering conditions for frogs, including 

taking readings at multiple times throughout a 24-hour period and the placement of a 

greater number of agar models. 
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6 Tracking terrestrial diurnal microhabitat use of 

Limnodynastes tasmaniensis 

 Introduction 

Microhabitats are fine scale habitats that provide a range of ecological roles, including 

protection from temperature extremes, predators, provision of breeding habitat and 

sometimes food (Beard, 2007, Cook and Jennings, 2007, Townsend, 1989). Globally 

important microhabitat for frogs includes vegetation (Cook and Jennings, 2007, 

Lemckert and Brassil, 2000), leaf litter (Cook and Jennings, 2007, Lemckert and Brassil, 

2000), coarse woody debris (Whiles and Grubaugh, 1996), burrows, soil fissures and 

other muddy substrates (Bleach et al., 2014, Smith et al., 2003, Creusere and Whitford, 

1976). 

Frogs have permeable skin and the characteristics of available microhabitats can be 

particularly important for protection from evaporative water loss, heat and cold 

(Chambers, 2008, Smith et al., 2003, Schwarzkopf and Alford, 1996). Microhabitat 

availability is important at all stages of a frog’s life cycle (Hazell, 2003). Tadpoles use 

aquatic microhabitat, including aquatic vegetation and submerged leaf litter, and 

adults use a range of aquatic and terrestrial microhabitat including but not limited to, 

vegetation, leaf litter, woody debris and deep soil cracks (Hazell et al., 2003). 

Microhabitats that have the appropriate sheltering characteristics, such as thermal 

buffering which reduces the heating and cooling load within the shelter, can help 

reduce the impacts of extreme temperature variation (Scheffers et al., 2013). For 

example in the Philippines, microhabitats in lowland dipterocarp forest can be 34-89% 

cooler than the surrounding macrohabitat, which significantly decreases the 

vulnerability of some frog and lizard species to the high ambient temperatures 

(Scheffers et al., 2014). Some frogs in rainforest streams of Australia may shelter in 

these retreat sites for extended periods ranging from 12 hours to 5 days at a time 

(Rowley et al., 2007).The protection that microhabitat can provide frogs against 

temperature extremes is also important in semi-arid regions, particularly during the 

day, when high temperatures, low humidity and drying winds are common. 
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In arid and semi-arid environments, frogs use microhabitat primarily for protection 

from desiccating conditions. Frogs may select particular microhabitats in order to 

access shelter with higher humidity (Navas et al., 2002), moisture and proximity to 

water (Smith et al., 2003) and lower temperatures (Sinsch, 1989). The thermal 

buffering that some microhabitats provide can be extremely important for the 

microhabitat selection of frogs, particularly in protecting against extreme heat 

(Scheffers et al., 2014, Scheffers et al., 2013, Shoo et al., 2010). Alternately  

Bufo spinulous used shading microhabitat, such as shrubs or high pasture, to reduce 

body temperature after basking in the sun during the day. In this case, the 

microhabitats proximity to sun-exposed bare soil was important (Sinsch, 1989). 

Studies of conditions within microhabitat used by frogs within Australia are often 

based in the tropics and centred on the invasive Rhinella marina (Bleach et al., 2014, 

Schwarzkopf and Alford, 1996). However, it has been shown that tree hollows, hollow 

logs and coarse woody debris are important for arboreal species living in temperate 

environments, such as Litoria peronii (Gibbons and Lindenmayer, 2002, Hazell et al., 

2001, Healey et al., 1997). Although use of microhabitat has been observed for some 

species (see, Lemckert and Brassil (2000), Penman et al (2006) and Wassens et al 

(2008)) little is known about direct diurnal use of microhabitat by non- burrowing, 

ground dwelling frog species. A constructed study of winter microhabitat use by the 

eastern Australian non-burrowing species Litoria aurea, a tree frog with minimal 

climbing ability, indicates that although they used a range of habitats the availability of 

microhabitats along with temperature and aspect where key predictors of occupancy 

(Hamer et al., 2003). 

Frog and tadpole microhabitat use has been observed in previous studies using 

capture, mark and release and direct searches within microhabitats (Smith et al., 2003, 

Warkentin, 1992, Loman, 1978, Creusere and Whitford, 1976, Harris, 1975). Radio 

tracking, line and spool and fluorescent powder can be used to determine direct 

movement and microhabitat choice for frog species, without relying on recapture or 

the chance of observation. For example, radio tracking has been used to determine 

winter microhabitat selection for the threatened species Litoria aurea (Garnham et al., 

2015), while line and spool has been used to understand movement patterns and 



 

100 
 

habitat use of Leptodactylus labyrinthicus (Tozetti and Toledo, 2005). The third method 

of tracking, and the one used in this study, is fluorescent powder. Fluorescent powder 

involves the application of fluorescent pigments to the frog that then rubs off on 

substrates when they move, and provides a direct path of movement. This powder has 

been shown to be non-harmful in several studies on amphibians (Orlofske et al., 2009, 

Roe and Grayson, 2008, Rittenhouse et al., 2006, Birchfield and Deters, 2005, Eggert, 

2002). It is relatively inexpensive compared to other methods, is less invasive, and it 

allows for the tracking of smaller individuals. Although the use of fluorescent powder 

only allows an individual to be tracked for roughly a 24 hour period, this is an adequate 

time period to determine their diurnal microhabitat use (Rittenhouse et al., 2006). 

In semi-arid areas, resident frog species have a range of life histories and behaviours 

that allow them to tolerate extended dry periods, including burrowing, physiological 

modifications and use of tree hollows and other microhabitats. There are, however, a 

number of species that rely on water refuges and terrestrial microhabitat to survive 

(Bleach et al., 2014, Seebacher and Alford, 1999). For example, the marsh “frogs” 

Limnodynastes tasmaniensis and Lim fletcheri are common species throughout the mid 

and lower Lachlan Catchment (Amos et al., 2013) (See Chapter two). Both are 

terrestrial, and the availability of microhabitats is likely to impact their capacity to 

persist in temporary wetlands during dry periods. Using Limnodynastes tasmaniensis 

as a model species, this chapter investigates diurnal microhabitat use in order to 

increase our understanding of refuging behaviours of non-burrowing frog species. 
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 Methods 

6.2.1 Site description 

Six sites were visited four times, twice a month, three days apart during both the  

3rd– 8th of September and 4th– 11th of October 2014. Three creek sites and three 

wetland sites that presented a range of microhabitat types, soil based, vegetation and 

coarse woody debris, were selected (Figure 6-1). Yandumblin Creek received an 

environmental flow in June 2013 and all sites, except Moon Moon, dried down by the 

end of November 2013, meaning surveys were conducted across the drying period. 

Site selection was based upon the range of microhabitat types available; this included 

soil based (eg. cracking clay, burrows and cray fish holes), vegetation and coarse 

woody debris (Plate 6-1(a-c)). 

 

Figure 6-1: Microhabitat sites map 
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a)  

b)  

c)  
Plate 6-1 (a-c): Microhabitat types: a) soil based - crack b) coarse woody debris c) vegetation 
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6.2.2 Microhabitat tracking 

Capture 

Adult frogs and metamorphs of Lim. tasmaniensis were surveyed for up to 90 minutes 

or until 10 frogs were captured, starting, a minimum, 15-30 minutes after sunset. Frogs 

were classified as metamorphs if an unabsorbed tail was still evident. Surveys were 

conducted with a 25 watt spotlight in a one metre wide transect along the water’s 

edge, searching to ten metres upwards of the water’s edge and one metre into the 

water. Individual frogs were caught by hand, as the use of a net can lead to transfer of 

Batrachochytrium dendrobatidis spores between individuals. Gloves were worn and 

changed between each site to further prevent cross contamination between frogs. 

Frogs were ID coded, identified with a number, (within records, not physically), 

weighed (mg) and snout to vent length (mm) was measured at time of capture. 

Fluorescent dye powder was applied to the ventral surface of each frog using a small 

paintbrush (Plate 6-2). Each frog was then released at point of capture, which was 

marked with a flag and labelled with the frog’s ID code. The frog was then undisturbed 

to continue with normal behaviour for the remainder of night. 

Tracking 

Tracking commenced half an hour before sunset the day after powder was applied (15-

20 hours after release). Black lights were used to follow the fluorescent powder trail 

left by frogs caught the previous night from marked release point to daytime 

microhabitat location (Error! Reference source not found.). Once located, the 

microhabitat point was marked with an ID flag. As terrestrial microhabitat was being 

examined, trails that terminated at water bodies were discounted, as water was not 

considered a microhabitat within this study, and exit locations of frogs were not easily 

determinable. The distance of each track was measured using a surveyor’s wheel and 

recorded in metres. 
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Plate 6-2: Pink fluorescent powder being applied 

 

Plate 6-3: Example of fluorescent powder trail (powder has rubbed off on substrate) 
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Habitat assessment 

The day after identification of microhabitat type, temperature and humidity readings 

were taken once between 12:00 and 16:00. Percentage of habitat and microhabitat 

types in the surrounding one metre radius of the microhabitat point were assessed 

concurrently to determine the most common microhabitat (Table 6-1). If the most 

common microhabitat type was different to what the tracked frog had chosen then 

this was selected as an absence microhabitat location. If the most common 

microhabitat type was the same as the frogs chosen microhabitat type the second 

most common type was selected. This was done so that two different types of 

microhabitat were being compared at each location. Temperature and humidity 

readings were also taken at this secondary absence location once between 12:00 and 

16:00 (this assessment was only done in October surveys). Microhabitat points, 

absence points and capture points were also GPS marked. Distances travelled and 

distances of microhabitat to water were measured using a measuring wheel. 

Table 6-1: Variables measured for microhabitat tracking experiment. (cat. = categorical variable, cont. = 
continuous variable) 

Variable Type Description 

Frog weight cont. Weight of frogs in mg 

Frog snout to vent length cont. Frog length from snout to vent in mm 

Microhabitat type (both presence 
and absence) 

cat. 
Allocated as either coarse woody debris, vegetation, soil 
based or open area 

Distance frog travelled cont. Distance of frog trail in metres 

Distance of microhabitat to water cont. 
Direct distance between frog microhabitat choice and 
water edge in metres 

Microhabitat temperature (both 
presence and absence) 

cont. Temperature of microhabitat in °C 

Microhabitat humidity (both 
presence and absence) 

cont. Humidity of microhabitat in RH% 

Maximum daily temperature in Hay cont. Maximum daily temperature in Hay (from BOM) in °C 

RH% 3pm in Hay cont. Humidity in Hay at 3pm (from BOM) in RH% 

Percent vegetation cover cont. 
Percent area with 1m radius of occupied microhabitat 
that was vegetation cover 

Percent vegetation microhabitat cont. 
Percent area with 1m radius of occupied microhabitat 
that was vegetation microhabitat 

Percent coarse woody debris cont. 
Percent area with 1m radius of occupied microhabitat 
that was coarse woody debris 

Percent cracks and holes in surface cont. 
Percent area with 1m radius of occupied microhabitat 
that was cracks and holes in surface 

Percent open water cont. 
Percent area with 1m radius of occupied microhabitat 
that was open water 

Percent bare ground cont. 
Percent area with 1m radius of occupied microhabitat 
that was bare ground 
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6.2.3 Data analysis 

Histograms were created to examine frog weight, length and distance travelled with a 

scatterplot to further determine the relationship between length and travel distance. A 

correlation matrix based on Spearman’s rank correlation was used to identify 

significant (P < 0.05, two-tailed) correlations among distance moved and frog size. 

Pearson’s chi-square test was run to compare predicted microhabitat choice and 

expected microhabitat choice of individuals. Box plots were created to examine the 

differences between temperature and humidity readings at occupied and unoccupied 

microhabitats. Independent t-tests, assuming unequal variables, were used to 

determine differences between occupied and unoccupied microhabitat type 

temperature and humidity readings. 
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 Results 

6.3.1 Size characteristics 

The majority (86%) of individuals had a snout to vent length (SVL) above 25mm (mean 

31.81mm) (Figure 6-2(a)). Thirteen individuals measured below 25mm were classified 

as juveniles. Mean weight was 3.97g with 18 weighing less than 3g (Figure 6-2(b)). 

Hence, the majority of the assessed populations were adults with a small number of 

juvenile being tracked. 

a)  

b)  
Figure 6-2 (a-b): Histogram of a) SVL b) Weight of tracked Limnodynastes tasmaniensis individuals 
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6.3.2 Distances travelled 

Distanced travelled was successfully tracked for 98.92% (91 individuals) of frogs that 

were captured for microhabitat tracking. The distance between release and 

microhabitat point was typically less than 4m. However, seven frogs travelled long 

distances, between 10.00- 16.05m (Figure 6-3). Body size or weight did not influence 

distance moved (rho= -0.064, p= 0.546), but all individuals that travelled greater than 

10m were larger than 30mm in length (Figure 6-4). 

 
 
Figure 6-3: Histogram of distances travelled from capture point to microhabitat (diurnal shelter site) 

 
Figure 6-4: Scatterplot of length against SVL (mm), line indicates 10m travelled 
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Straight line distances between the water body and ultimate diurnal microhabitats 

were typically small, with 88 of 91 cases measured within 10m of the water line. 

However, some frogs utilised diurnal microhabitats that were considerable distances 

from the water with the furthest distance being 29.7m (Figure 6-5). 

 
Figure 6-5: Histogram of selected microhabitats distance to water 
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6.3.3 Diurnal microhabitat choices 

The availability of microhabitats was mapped in October, and the rate of occupancy 

verses availability was considered. When mapped, the availability of microhabitats for 

shelter was less that 40 percent of the area (Figure 6-6(a)). Although soil based 

microhabitat made up only 0.72 percent of mapped habitats it was chosen as shelter 

by 69.57 percent of individuals tracked. This was followed by coarse woody debris 

(CWD) at 17.39 percent and finally vegetation at 13.04 percent (Figure 6-6(a-b)). A 

Pearson’s chi-square test looking at site selection and expected site selection, based on 

most common microhabitat in the area in October 2013, showed that selected 

microhabitat sites where significantly different to expectations based on microhabitat 

availability (Table 6-2). 

a)  b)  

 

 
Figure 6-6 (a-b): a) Percentage of mapped microhabitat, October 2014 b) Percentage of microhabitat choice (Soil 
based n= 64, vegetation n= 12, coarse woody debris n= 16) 

 

Table 6-2: chi squared expected microhabitat use and actual microhabitat use expected counts and counts  
(Χ2 (3, n= 92) = 30.161 p= 0.00) 

Microhabitat  Expected microhabitat use Actual microhabitat use 

cover Count 24 5 

Expected Count 14.5 14.5 

open Count 3 0 

Expected Count 1.5 1.5 

soil based Count 15 42 

Expected Count 28.5 28.5 

vegetation Count 9 4 

Expected Count 6.5 6.5 
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6.3.4 Microhabitat characteristics 

Temperature and humidity varied greatly within all microhabitats with each having a 

range difference greater than 10°C in temperature and, except for open area, 50RH% 

in humidity. There was also a significant difference between readings each month for 

temperature (f= 6.884, p= 0.010) and humidity (f= 10.305, p= 0.002) meaning 

conditions in each microhabitat changed over time. 

Temperature and humidity measurements were taken to compare the differences 

between occupied and unoccupied sheltering microhabitat. The mean temperatures in 

all microhabitats was warm, measuring greater than 20°C. Temperature in CWD was 

significantly lower in occupied sites than unoccupied CWD sites (f= 0.0463, p= 0.002); 

all other microhabitat mean temperatures were cooler than open area, which had a 

mean of 31.18⁰C (Figure 6-5(a)), but not significantly different. Humidity was highly 

variable amongst occupied and unoccupied microhabitat sites with the lowest mean at 

unoccupied vegetation sites 46.17RH% and highest mean at unoccupied soil cracks 

sites 69.58RH% (Figure 6-7(b)).  
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a)  

 

b)  
Figure 6-7 (a-b): a) Temperature and b) humidity at microhabitat type, presence = occupied habitat and absence = 
unoccupied habitat 
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 Discussion  

Four key microhabitats were assessed: coarse woody debris, vegetation, soil based and 

open area. Limnodynastes tasmaniensis showed a strong preference for soil based 

microhabitats within the semi-arid region of the lower Lachlan Catchment. Although 

temperature and humidity were similar in each, frogs displayed a clear preference for 

soil based microhabitats. This consisted primarily of deep soil cracks. 

The use of soil cracks by frogs has been observed in several other studies. (Hazell et al., 

2003) indicates its importance for several non-burrowing Australian frog species in the 

temperate southern tablelands in NSW for providing shelter against desiccation. A 

study by (Creusere and Whitford, 1976) in the Chihuahuan desert observed 100 

percent survival rate of juvenile toads, Bufo debilis and Bufo cognatus, in soil fissures, 

compared to approximately 50 percent survival rate of those using surface based 

microhabitats (old cow dung, wood, clumps of dead vegetation). In the same study 

they also observed the juveniles of species Scaphiopus hammondi,  

Scaphiopus bombifrons, Scaphiopus couchi, Bufo debilis and Bufo cognatus continuing 

to follow the moisture available deeper into fissures as it evaporated from sections 

closer to the surface over time. All of these studies were opportunistic observations, 

and none tracked frogs directly to microhabitats.  

Temperature and humidity readings were not significantly different between soil 

based microhabitat and other available microhabitat types. However, the temporal 

temperature and humidity conditions that could not be measured could be responsible 

for Lim. tasmaniensis using primarily soil based microhabitats. Soil based microhabitats 

may be able to hold water for longer periods. Many soil cracks can be over several 

metres deep, possibly providing a large more reliable and lengthier damp habitat area 

(Noy-Meir, 1973). Daily temperatures below the surface also fluctuate less than 

surface temperatures, with ambient temperature in soil cracks at 25cm having a 0-3°C 

fluctuation compared to ambient surface area which fluctuated 5.5-18.0°C (Warnecke 

and Geiser, 2010). This means that temperatures in surface based microhabitats such 

as vegetation, coarse, woody debris and open areas most likely experience greater 

temperature fluctuations than soil cracks. This would have not been detected in my 

study as only single temperature readings were taken each day. Temperature at 
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unoccupied coarse woody debris sites was significantly higher than at occupied sites. 

This was the only sheltering microhabitat that showed a significant difference in 

temperature between occupied and unoccupied sites. Unoccupied coarse woody 

debris also had the second highest mean temperature after open area. Therefore,  

Lim. tasmaniensis may have been influenced by temperature when selecting coarse 

woody debris as a microhabitat. 

There were several limitations within this study. Some reasons that the difference in 

conditions between soil based microhabitat and the other microhabitats available 

were not evident. Soil based microhabitats, particularly soil cracks, were observed to 

be extremely deep, in some cases greater than three metres, and their width also 

varied. In an effort to not destroy the microhabitat of individuals tracked, the iButton 

was inserted without destroying the soil structure. This meant that in some cases 

measurements were not taken as deep as the frogs might venture, giving higher 

temperature and lower humidity readings than what might be recorded deeper below 

the surface. Measurements were also only taken on one occasion, between 12:00 and 

16:00. This means that the potential lack of fluctuation within the temperature below 

surface, compared to those on the surface was not apparent. Originally, a second non-

burrowing ground species (Limnodynastes fletcheri) was intended to be tracked. This 

would have allowed the comparison of two species with similar life-history traits, 

providing greater insight into microhabitat use. However, not enough Lim. fletcheri 

individuals were caught for the study to be successful. Therefore, I cannot draw any 

strong conclusions regarding multiple non-burrowing ground frog species microhabitat 

use. It should also be noted that the capture and release of the individual frogs may 

have had an impact upon their movement due to stress. This might have influenced 

the distances they moved throughout the 24 hour period. 

The maximum size of Limnodynastes tasmaniensis is 47mm (Anstis, 2013). This 

indicates that the selection of the population surveyed within this study were primarily 

adults. There was no link between size and distance moved and there was a large 

range in direct distances travelled. This could be because the majority of microhabitats 

were within 10 metres of the water body and individuals did not need to travel long 

distances to forage or find shelter. One individual was residing in vegetation 
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approximately 30 metres from the water body. This indicates that species move 

different distances depending on foraging, moisture and breeding requirements each 

evening. The availability of resources within the area might also influence the distance 

that individuals move. Therefore, if appropriate microhabitat is available between 

habitat patches, Lim. tasmaniensis individuals, particularly adults, could move from 

ephemeral to permanent microhabitats relatively easily. However, if watering does not 

occur for an extended period and the microhabitat at a site dries down quickly, 

metamorphs which have not been able to grow enough will most likely face mortality. 

A similar fate would impact adult frogs which could not find appropriate microhabitat 

between sites, or spend too long at a site that has dried out. 

Soil based microhabitats were the primary microhabitat used. Further study is needed 

to determine if this microhabitat is chosen significantly more than other microhabitats 

available. This finding however supports findings in Chapter five that soil cracks most 

likely provide the best diurnal, terrestrial microhabitat for frogs in semi-arid areas. 
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7 Conclusion 

Riverine and floodplain ecosystems around the world are frequently modified due to 

river regulation, and the subsequent changes in the natural flooding regime have led 

to degradation of many freshwater habitats (Poff et al., 2007, Lytle and Poff, 2004, 

Arthington and Pusey, 2003, Dynesius and Nilsson, 1994). A review on the impact of 

river regulation on population and community change by Poff and Zimmerman (2010) 

found that amphibians were the least represented community out of six (fish, 

macroinvertebrates, riparian, aquatic primary producers, birds and amphibians) among 

144 studies surveyed. Environmental water flows are being used globally to manage 

riverine and floodplain environments for ecosystem health (Arthington et al., 2006, 

Tharme, 2003). Environmental flows in the Murray Darling Basin are often targeted 

and site specific, and there is concern that not enough ecological information is 

available to inform these environmental watering decisions (Peake et al., 2011, Poff 

and Zimmerman, 2010, Souchon et al., 2008). There is currently limited literature on 

the ecological requirements of semi-arid floodplain frog species to inform these 

decisions in Australia (Ocock et al., 2014, Wassens et al., 2011, Wassens et al., 2010, 

Wassens et al., 2008, Jansen and Healey, 2003). Increasing our knowledge on how 

riverine and floodplain frog species are interacting with freshwater habitat allows 

environmental flows to have a more targeted, effective impact on populations as 

important habitat requirements can be met. This thesis contributes to this increasing 

body of knowledge on floodplain frog species, adding understanding of potentially 

important hydrological and habitat requirements of species within the Lachlan 

Catchment of semi-arid NSW. 

In the Lachlan Catchment, widespread dominance of four generalist frog species 

Limnodynastes tasmaniensis, Limnodynastes fletcheri, Litoria peronii and  

Crinia parinsignifera was observed. These species are also highly abundant and 

widespread throughout other regulated river systems in south eastern Australia 

(McGinness et al., 2014, Wassens et al., 2011, Jansen and Healey, 2003). Other species 

that are known to have more specialised habitat requirements, for example  

Litoria raniformis, occur in lower numbers in the Lachlan system  

(Chapter two)(Wassens, 2008). 
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When managing sites it is important to understand that each frog species has a unique 

relationship with the environmental factors that influence occupancy. In addition to 

water being a dominant driver of occupancy for Lim. fletcheri, Lit. peronii,  

Lit. latopalmata and Litoria rubella, other variables that contributed to occupancy, 

such as ‘region’ for C. parinsignifera, L. latopalama, Lit. rubella and to a lesser extent 

Lim. fletcheri, and smaller scale in situ variables need to be considered in 

management. For example, probability of occupancy for both tree frog species  

Lit. peronii and Lit. rubella had a strong positive relationship with increasing standing 

timber. Four of the five species had a negative relationship with semi-aquatic, aquatic 

and fringing vegetation cover although some of these relationships were weak with a 

possibility of uninformative parameters (Arnold, 2010). This finding differs to a large 

majority of the literature, primarily in temperate and tropical habitats, that states that 

vegetation is an important driving factor for frog occurrence (Trenham and Shaffer, 

2005, Houlahan and Findlay, 2003, Jansen and Healey, 2003, Hazell et al., 2001, 

Semlitsch, 2000). The negative relationship is influenced by the sampling method 

whereby data were collected in the same transect as open water cover, with open 

water being the largest alternate to vegetation. For this reason, this negative 

relationship with vegetation is not considered in any detail. Vegetation most likely still 

plays an important role in semi-arid regions, but in my study water availability was a 

stronger driver of frog presence. 

Calling by frogs indicates attempted breeding and is influenced by changes in daily 

environmental conditions (Saenz et al., 2006, Ryan et al., 1981). Wetland inundation 

timing is important for many seasonally, aquatically breeding Australian frogs and river 

regulation often changes the timing of flows and subsequent floodplain inundation 

(Anstis, 2013, Hillman et al., 2003, Kingsford, 2000). Current knowledge of what daily 

conditions are beneficial for calling in semi-arid regions is limited, with a large majority 

of the literature focusing on temperate and tropical areas (da Silva Ximenez and 

Tozetti, 2015, Hauselberger and Alford, 2005, Oseen and Wassersug, 2002). From the 

four species I studied, the probability of calling was linked to temperature, rainfall in 

the last seven days and moon illumination, but the relative importance of these 

variables differed between species at known inundated sites. Environmental water 
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delivery should take into account these differences. For example, Lit. peronii called 

primarily at higher temperatures (above 20°C) and wetland inundation that only occurs 

in cooler months can negatively impact its ability to recruit and persist as breeding 

conditions are not right. Limnodynastes tasmaniensis was less sensitive to temperature 

conditions, with high probability (>0.75) of calling across all temperatures, and may be 

able to breed across multiple seasons if other daily conditions, rainfall in the last seven 

days and moon illumination are correct. Other global studies also found individual 

species had different relationships with environmental variables and these daily 

conditions are something that need to be considered when delivery environmental 

water that intends to provide breeding habitat for frogs (da Silva Ximenez and Tozetti, 

2015, Hauselberger and Alford, 2005, Oseen and Wassersug, 2002). 

Frogs in semi-arid and arid areas around the world often employ a series of life history 

traits that help them survive in the desiccating conditions. These traits help reduce 

evaporative water loss and include burrowing, cocoon forming and skin modifications 

(Tracy et al., 2007, Christian and Parry, 1997, Amey and Grigg, 1995, Loveridge and 

Crayé, 1979, Lee and Mercer, 1967). However, in semi-arid Australia, many non-

burrowing ground frogs are not known to have these life history traits or the water 

conserving properties that are associated with them and yet they are dominant 

throughout the landscape. Limnodynastes tasmaniensis is one of these species and it 

was present in the mid and lower Lachlan Catchment at 100% of sites, often in high 

abundance. There is limited knowledge on how they persist in drying wetlands and 

how they interact with what water is available. Only a small amount of literature that 

looks at the small scale terrestrial microhabitat use that plays a large role in helping 

protect them from elements such as evaporative water loss. In Australia it is primarily 

targeted at tropical areas and the invasive Rhinella marina (Bleach et al., 2014, 

Schwarzkopf and Alford, 1996).  

My study found that Lim. tasmaniensis used soil based microhabitats significantly over 

vegetation and coarse woody debris microhabitats that were available, selecting soil 

based microhabitats 64 times from 92 sites. Although the reasons for this were unclear 

from the temperature and humidity readings taken throughout the tracking survey, 

the coinciding agar frog model survey indicates that the higher humidity that occurs in 
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soil cracks might provide better conditions (Chapter five). Literature also indicates that 

soil cracks provide a more constant desirable temperature over time and maintain 

moisture and humidity levels for a longer periods compared to surface based 

microhabitats, providing better microhabitat conditions for a longer period (Warnecke 

and Geiser, 2010, Noy-Meir, 1973). Therefore managing microhabitats within semi-arid 

environments is also an important tool to support the persistence of frog species. 

Improving understanding of the use of these terrestrial microhabitats can allow the 

drying cycle of aquatic habitats to be more actively managed to increase the 

availability of such habitat. For example, a slow draw down of a wetland would be vital 

to maintain soil moisture in soil based microhabitat. Increasing our understanding of 

the way Lim. tasmaniensis utilises wetland microhabitat has implications for other 

floodplain frog species that have similar refuge seeking traits, such as C. parinsignifera 

and Lim. fletcheri. It may not be representative of all species as size differences, for 

example Lit. raniformis is a much larger frog species, may influence their ability to 

access similar deep soil crack habitat. These findings can currently only be applied to 

semi-arid regions. 

Riverine and floodplain systems have become increasingly modified through river 

regulation. Environmental water and flows are being used as one tool to try and 

sustain freshwater habitat in semi-arid regions where water is a resource in high 

demand. Although it is clear water is a dominant driver for species in this study, it is 

also important to consider other environmental factors, such as standing timber, 

regional location and microhabitat availability, which are important for individual frog 

species persistence. Considering other environmental factors and habitat management 

that can support frog species is also important. Some species that reside in semi-arid 

Australia may not be as reliant on riverine flooding. For example, a study of in the 

Macquarie Marshes in northern NSW found Litoria caerulea (not recorded in this 

study) to have a low movement response to inundated floodplains (Ocock et al., 2014). 

By increasing our understanding of how frogs in semi-arid regions interact with 

environmental factors at different spatial and temporal scales, the best possible 

habitat can be created for their survival. This is crucial not just in Australia, but around 

the world to help reverse the global decline in amphibian populations.   
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Appendix 1 

 

Figure 9-1: NSW Office of Environment and Heritage’s ATLAS of NSW Wildlife - Map of records for Crinia 
parinsignifera, Limnodynastes fletcheri, Limnodynastes interioris, Limnodynastes tasmaniensis and Litoria peronii 
in NSW 
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Appendix 2 

 

Figure 9-2: NSW Office of Environment and Heritage’s ATLAS of NSW Wildlife - Map of records for Neobatrachus 
sudellae, Notaden bennetti, Litoria caerulea, Litoria latopalmata and Litoria rubella in the Lachlan Catchment, 
NSW Vegetation graphs for 2012– 2013 broad-scale survey (Chapter two and three) 
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Appendix 3 

 

Figure 9-3: NSW Office of Environment and Heritage’s ATLAS of NSW Wildlife - Map of records for Litoria 
raniformis and Crinia sloanei in NSW 
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Appendix 4 

Summary of water quality ranges for each hydroperiod type in 2012- 2013 broad-scale 

surveys. (Chapter two) 

 
Figure 9-4: Temperature range at hydroperiod categories 

 

 
Figure 9-5: Conductivity range at hydroperiod categories 
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Figure 9-6: Dissolved oxygen range at hydroperiod categories 

 
Figure 9-7: pH range at hydroperiod categories 

 
Figure 9-8: Turbidity range at hydroperiod categories 
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Appendix 5 

 
Figure 9-9: Monthly mean vegetation cover percentages at inundated sites in each hydoperiod category 
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Appendix 6 

Full occupancy models (Chapter three) 
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Table 9-1: Full list of occupancy models for Limnodynastes fletcheri 

 

 

 

  

Model AIC deltaAIC AIC wgt Model 
Likelihood 

no.Par. -2*LogLike Bootstrap 

psi(open water),p(temperature and season) 645.86 0 0.2382 1 7 631.86 0.3017 

psi(open water + stream),p(temperature + season) 647.14 1.28 0.1256 0.5273 8 631.14 0.3357 

psi(open water + lower region),p(temperature + season) 647.37 1.51 0.112 0.47 8 631.37 0.3237 

psi(open water + water bodies 1000),p(temperature + season) 647.81 1.95 0.0899 0.3772 8 631.81 0.3167 

psi(open water + vegetation complexity),p(temperature + season) 647.82 1.96 0.0894 0.3753 8 631.82 0.3217 

psi(open water + logs, sticks and litter),p(temperature and season) 647.86 2 0.0876 0.3679 8 631.86 0.3177 

psi(open water + lower region + stream),p(temperature + season) 648.66 2.8 0.0587 0.2466 9 630.66 0.3157 

psi(open water + stream + logs, sticks and litter),p(temperature + season) 649.11 3.25 0.0469 0.1969 9 631.11 0.3027 

psi(open water + lower region + logs, sticks and litter),p(temperature + season) 649.37 3.51 0.0412 0.1729 9 631.37 0.3187 

psi(long hydroperiod),p(temperature and season) 650.24 4.38 0.0267 0.1119 7 636.24 0.3017 

psi(stream),p(temperature and season) 651.70 5.84 0.0128 0.0539 7 637.7 0.3017 

psi(lower region),p(temperature and season) 651.77 5.91 0.0124 0.0521 7 637.77 0.2737 

psi(long hydroperiod+ stream),p(temperature and season) 651.88 6.02 0.0117 0.0493 8 635.88 0.3467 

psi(long hydroperiod+ water bodies 1000),p(temperature and season) 651.93 6.07 0.0115 0.0481 8 635.93 0.3217 

psi(vegetation complexity),p(temperature and season) 652.31 6.45 0.0095 0.0398 7 638.31 0.3077 

psi(semi-aquatic vegetation cover),p(temperature and season) 652.61 6.75 0.0082 0.0342 7 638.61 0.2927 

psi(logs, sticks and litter),p(temperature and season) 652.61 6.75 0.0082 0.0342 7 638.61 0.2877 

psi(long hydroperiod+ stream + lower region),p(temperature and season) 653.61 7.75 0.0049 0.0208 9 635.61 0.3257 

psi(lower region + logs, sticks and litter),p(temperature and season) 653.77 7.91 0.0046 0.0192 8 637.77 0.3137 

psi(open water + stream),p(temperature + season) 647.14 1.28 0.1256 0.5273 8 631.14 0.3357 
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Table 9-2: Full list of occupancy models for Litoria peronii 

Model AIC deltaAIC AIC wgt Model 
Likelihood 

no.Par. -2*LogLike Bootstrap 

psi(open water+ standing timber+ semi-aquatic vegetation cover),p(temperature and season) 370.31 0 0.605 1 9 352.31 0.1538 

psi(long hydroperiod+ standing timber+ semi-aquatic vegetation cover),p(temperature and season) 372.81 2.5 0.1733 0.2865 9 354.81 0.1479 

psi(mid region+ standing timber+ semi-aquatic vegetation cover),p(temperature and season) 373.02 2.71 0.1561 0.2579 9 355.02 0.1718 

psi(mid region+ standing timber),p(temperature and season) 376.13 5.82 0.033 0.0545 8 360.13 0.1858 

psi(mid region+ standing timber+ open water),p(temperature and season) 377.51 7.2 0.0165 0.0273 9 359.51 0.1938 

psi(standing timber+ semi-aquatic vegetation cover),p(temperature and season) 378.3 7.99 0.0111 0.0184 8 362.3 0.1898 

psi(stream+ standing timber+ semi-aquatic vegetation cover),p(temperature and season) 380.03 9.72 0.0047 0.0078 9 362.03 0.1828 

psi(mid region+ logs, sticks and litter+ semi-aquatic vegetation cover),p(temperature and season) 386.52 16.21 0.0002 0.0003 9 368.52 0.1858 

psi(long hydroperiod+ logs, sticks and litter+ semi-aquatic vegetation cover),p(temperature and season) 389.67 19.36 0 0.0001 9 371.67 0.2218 

psi(mid region+ open water+ semi-aquatic vegetation cover),p(temperature and season) 389.89 19.58 0 0.0001 9 371.89 0.1798 

psi(mid region),p(temperature and season) 390.03 19.72 0 0.0001 7 376.03 0.1708 

psi(long hydroperiod+ standing timber+ open water),p(temperature and season) 391.52 21.21 0 0 9 373.52 0.1858 

psi(long hydroperiod+ open water+ semi-aquatic vegetation cover),p(temperature and season) 392.24 21.93 0 0 9 374.24 0.1748 

psi(standing timber),p(temperature and season) 392.37 22.06 0 0 7 378.37 0.1688 

psi(open water+ logs, sticks and litter+ semi-aquatic vegetation cover),p(temperature and season) 393.18 22.87 0 0 9 375.18 0.1289 

psi(semi-aquatic vegetation cover),p(temperature and season) 394.37 24.06 0 0 7 380.37 0.1528 

psi(long hydroperiod),p(temperature and season) 395.63 25.32 0 0 7 381.63 0.1369 

psi(Logs, sticks and litter cover),p(temperature and season) 400.49 30.18 0 0 7 386.49 0.1379 

psi(open water),p(temperature and season) 403.82 33.51 0 0 7 389.82 0.1299 

psi(stream),p(temperature and season) 407.36 37.05 0 0 7 393.36 0.1079 

psi(vegetation complexity),p(temperature and season) 407.38 37.07 0 0 7 393.38 0.0979 

psi(vegetation layers),p(temperature and season) 407.44 37.13 0 0 7 393.44 0.1149 
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Table 9-3: Full list of occupancy models for Crinia parinsignifera 

Model AIC deltaAIC AIC wgt Model 
Likelihood 

no.Par. -2*LogLike Bootstrap 

psi(water bodies 1000+ semi-aquatic vegetation cover),p(temperature and season) 360.02 0 0.2326 1 8 344.02 0.009 

psi(mid region+ water bodies 1000+ logs, sticks and litter cover),p(temperature and season) 360.82 0.8 0.1559 0.6703 9 342.82 0.008 

psi(mid region+ water bodies 1000+ semi-aquatic vegetation cover),p(temperature and season) 360.91 0.89 0.149 0.6408 9 342.91 0.016 

psi(semi-aquatic vegetation cover),p(temperature and season) 361.99 1.97 0.0869 0.3734 7 347.99 0.015 

psi(water bodies 1000+ logs, sticks and litter),p(temperature and season) 362.26 2.24 0.0759 0.3263 8 346.26 0.005 

psi(mid region+ semi-aquatic vegetation cover),p(temperature and season) 362.61 2.59 0.0637 0.2739 8 346.61 0.007 

psi(mid region+ water bodies 1000),p(temperature and season) 362.94 2.92 0.054 0.2322 8 346.94 0.014 

psi(mid region),p(temperature and season) 363.68 3.66 0.0373 0.1604 7 349.68 0.012 

psi(logs, sticks and litter),p(temperature and season) 363.87 3.85 0.0339 0.1459 7 349.87 0.009 

psi(mid region+ water bodies 1000+ open water cover),p(temperature and season) 364.71 4.69 0.0223 0.0958 9 346.71 0.014 

psi(mid region+ water bodies 1000+ long hydroperiod),p(temperature and season) 364.84 4.82 0.0209 0.0898 9 346.84 0.005 

psi(mid region+ fringing vegetation),p(temperature and season) 365.51 5.49 0.0149 0.0642 8 349.51 0.012 

psi(long hydroperiod+ logs, sticks and litter cover),p(temperature and season) 365.83 5.81 0.0127 0.0547 8 349.83 0.007 

psi(water bodies 1000),p(temperature and season). 366.03 6.01 0.0115 0.0495 7 352.03 0.012 

psi(open water),p(temperature and season) 366.31 6.29 0.01 0.0431 7 352.31 0.009 

psi(fringing vegetation),p(temperature and season) 367.68 7.66 0.005 0.0217 7 353.68 0.016 

psi(long hydroperiod),p(temperature and season) 368.41 8.39 0.0035 0.0151 7 354.41 0.005 

psi(vegetation complexity),p(temperature and season) 368.95 8.93 0.0027 0.0115 7 354.95 0.008 

psi(stream),p(temperature and season) 369.04 9.02 0.0026 0.011 7 355.04 0.01 

psi(vegetation layers),p(temperature and season) 369.26 9.24 0.0023 0.0099 7 355.26 0.003 

psi(aquatic vegetation cover),p(temperature and season) 369.27 9.25 0.0023 0.0098 7 355.27 0.01 
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Table 9-4: Full list of occupancy models for Litoria latopalmata 

Model AIC deltaAIC AIC wgt Model 
Likelihood 

no.Par. -2*LogLike Bootstrap 

psi(mid region+ aquatic vegetation cover),p(temperature and season) 210.07 0 0.2545 1 8 194.07 0.0140 

psi(mid region+ aquatic vegetation cover+ fringing vegetation),p(temperature and season) 210.22 0.15 0.2361 0.9277 9 192.22 0.0200 

psi(mid region+ aquatic vegetation cover+ vegetation complexity),p(temperature and season) 211.05 0.98 0.1559 0.6126 9 193.05 0.0270 

psi(mid region+ aquatic vegetation cover+ logs, sticks and litter cover),p(temperature and season) 211.2 1.13 0.1446 0.5684 9 193.2 0.0270 

psi(mid region+ aquatic vegetation cover+ long hydroperiod),p(temperature and season) 211.89 1.82 0.1024 0.4025 9 193.89 0.0230 

psi(mid region+ logs, sticks and litter cover),p(temperature and season) 214.92 4.85 0.0225 0.0885 8 198.92 0.0240 

psi(mid region+ vegetation complexity),p(temperature and season) 215.08 5.01 0.0208 0.0817 8 199.08 0.0230 

psi(mid region+ vegetation layers),p(temperature and season) 215.1 5.03 0.0206 0.0809 8 199.1 0.0260 

psi(mid region+ open water cover),p(temperature and season) 215.16 5.09 0.0200 0.0785 8 199.16 0.0310 

psi(mid region+ fringing vegetation),p(temperature and season) 217.31 7.24 0.0068 0.0268 8 201.31 0.0300 

psi(mid region),p(temperature and season) 218.05 7.98 0.0047 0.0185 7 204.05 0.0200 

psi(mid region+ stream),p(temperature and season) 218.82 8.75 0.0032 0.0126 8 202.82 0.0320 

psi(mid region+ long hydroperiod),p(temperature and season) 219.6 9.53 0.0022 0.0085 8 203.6 0.0210 

psi(mid region+ standing timber),p(temperature and season) 219.72 9.65 0.0020 0.008 8 203.72 0.0160 

psi(mid region+ water bodies 1000),p(temperature and season) 219.78 9.71 0.0020 0.0078 8 203.78 0.0220 

psi(mid region+ semi-aquatic vegetation cover),p(temperature and season) 220.03 9.96 0.0017 0.0069 8 204.03 0.0130 

psi(open water cover),p(temperature and season) 233.91 23.84 0 0 7 219.91 0.0240 

psi(semi-aquatic vegetation cover),p(temperature and season) 244.79 34.72 0 0 7 230.79 0.0190 

psi(fringing vegetation),p(temperature and season) 244.93 34.86 0 0 7 230.93 0.0150 

psi(long hydroperiod+ aquatic vegetation cover),p(temperature and season) 246.64 36.57 0 0 8 230.64 0.0270 

psi(long hydroperiod),p(temperature and season) 247.14 37.07 0 0 7 233.14 0.0230 

psi(logs, sticks and litter cover),p(temperature and season) 249.05 38.98 0 0 7 235.05 0.0170 

psi(vegetation layers),p(temperature and season) 249.34 39.27 0 0 7 235.34 0.0090 

psi(vegetation complexity),p(temperature and season) 249.66 39.59 0 0 7 235.66 0.0130 
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psi(aquatic vegetation cover),p(temperature and season) 249.69 39.62 0 0 7 235.69 0.0080 

psi(water bodies 1000),p(temperature and season) 252.09 42.02 0 0 7 238.09 0.0120 

psi(standing timber),p(temperature and season) 252.21 42.14 0 0 7 238.21 0.0180 
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Table 9-5: Full list of occupancy models for Litoria rubella 

Model AIC deltaAIC AIC wgt Model Likelihood no.Par. -2*LogLike Bootstrap 

psi(mid region+ fringing vegetation+ stream),p(temperature and season) 150.71 0 0.9809 1 9 132.71 0.1469 

psi(mid region+ fringing vegetation+ open water),p(temperature and season) 159.59 8.88 0.0116 0.0118 9 141.59 0.1099 

psi(mid region+ fringing vegetation),p(temperature and season) 163.52 12.81 0.0016 0.0017 8 147.52 0.1059 

psi(mid region+ stream),p(temperature and season) 164.12 13.41 0.0012 0.0012 8 148.12 0.2478 

psi(mid region+ fringing vegetation+ long hydroperiod),p(temperature and season) 165.13 14.42 0.0007 0.0007 9 147.13 0.1389 

psi(mid region+ stream+ semi-aquatic vegetation cover),p(temperature and season) 165.19 14.48 0.0007 0.0007 9 147.19 0.2507 

psi(mid region+ standing timber+ stream),p(temperature and season) 165.27 14.56 0.0007 0.0007 9 147.27 0.2577 

psi(mid region+ standing timber+ fringing vegetation),p(temperature and season) 165.43 14.72 0.0006 0.0006 9 147.43 0.1039 

psi(mid region),p(temperature and season) 165.69 14.98 0.0005 0.0006 7 151.69 0.2158 

psi(mid region+ semi-aquatic vegetation cover),p(temperature and season) 166.49 15.78 0.0004 0.0004 8 150.49 0.1978 

psi(mid region+ long hydroperiod),p(temperature and season) 166.66 15.95 0.0003 0.0003 8 150.66 0.2448 

psi(mid region+ standing timber),p(temperature and season) 167.14 16.43 0.0003 0.0003 8 151.14 0.2298 

psi(mid region+ open water cover),p(temperature and season) 167.57 16.86 0.0002 0.0002 8 151.57 0.2218 

psi(mid region+ standing timber+ semi-aquatic vegetation cover),p(temperature and season) 168.23 17.52 0.0002 0.0002 9 150.23 0.2298 

psi(standing timber+ fringing vegetation+ stream),p(temperature and season) 171.13 20.42 0 0 9 153.13 0.03 

psi(semi-aquatic vegetation cover),p(temperature and season) 172.48 21.77 0 0 7 158.48 0.1039 

psi(fringing vegetation+ open water cover),p(temperature and season) 174.67 23.96 0 0 8 158.67 0.1489 

psi(fringing vegetation+ long hydroperiod),p(temperature and season) 174.77 24.06 0 0 8 158.77 0.1429 

psi(open water cover),p(temperature and season) 175.5 24.79 0 0 7 161.5 0.1389 

psi(fringing vegetation),p(temperature and season) 176.37 25.66 0 0 7 162.37 0.1239 

psi(long hydroperiod),p(temperature and season) 176.47 25.76 0 0 7 162.47 0.1219 

psi(fringing vegetation+ standing timber),p(temperature and season) 176.86 26.15 0 0 8 160.86 0.0979 

psi(stream),p(temperature and season) 177.61 26.9 0 0 7 163.61 0.0789 

psi(standing timber),p(temperature and season) 178.81 28.1 0 0 7 164.81 0.0529 

psi(logs, sticks and litter cover),p(temperature and season) 179.66 28.95 0 0 7 165.66 0.0669 
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psi(aquatic vegetation cover),p(temperature and season) 180.58 29.87 0 0 7 166.58 0.0649 

psi(vegetation layers),p(temperature and season) 180.65 29.94 0 0 7 166.65 0.0539 

psi(vegetation complexity),p(temperature and season) 180.83 30.12 0 0 7 166.83 0.0729 
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Appendix 7 

Relationship between calling species (Chapter four) 

There was significant positive correlations between calling abundance categories of all 

species except Lit. peronii and C. parinsignifera which called at different time (Table 

9-6).  

Table 9-6: Spearmans correlation of species calling abundance categories (n= 705) **. Correlation is significant at 
the 0.01 level (2-tailed) 

 

Lim. 
tasmaniensis 
calling 
abundance 

C.parinsignifera 
calling 
abundance 

L.peronii 
calling 
abundan
ce 

L.interioris 
calling 
abundanc
e 

L. tasmaniensis 
calling 
abundance 

Correlation 
Coefficient 

 0.322** 0.159** 0.359** 

Sig.  
(2-tailed) 

 0.000 0.000 0.000 

C.parinsignifera 
calling 
abundance 

Correlation 
Coefficient 

0.322**  -0.038 .199** 

Sig.  
(2-tailed) 

0.000  0.313 0.000 

L.peronii calling 
abundance 

Correlation 
Coefficient 

0.159** -0.038  0.342** 

Sig.  
(2-tailed) 

0.000 0.313  0.000 

L.interioris 
calling 
abundance 

Correlation 
Coefficient 

0.359** 0.199** 0.342**  

Sig.  
(2-tailed) 

0.000 0.000 0.000  
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Appendix 8 

Full calling probability models (Chapter four) 

Table 9-7: Model results for Lim. tasmaniensis (n= 705) 

Model aic change 
AIC 

loglik df.resid pval AIC wgt 

moon+logtemp+rainsev 552.7036 0 -271.352 700 4.18E-06 0.913 

logtemp+rainsev 558.9042 6.201 -275.452 701 5.80E-05 0.045 

moon+logtemp 559.178 6.474 -275.589 701 6.65E-05 0.036 

moon+rainsev 562.4971 9.794 -277.249 701 0.000349 0.007 

logtemp 564.4937 11.790 -279.247 702 0.000555 0.003 

rainsev 568.8229 16.119 -281.411 702 0.005862 0.000 

moon 569.1848 16.481 -281.592 702 0.007168 0.000 

null 574.4153 21.712 -285.208 703 1 0.000 

 
Table 9-8: Model results for Lim. interioris, (n= 495) 

model aic AIC change loglik df.resid pval AIC wgt 

moon+rainsev 465.4473 0 -228.724 491 4.25E-06 0.688 

moon+logtemp+rainsev 467.3961 1.945 -228.698 490 1.71E-05 0.260 

rainsev 471.2722 5.825 -232.636 492 3.92E-05 0.037 

logtemp+rainsev 473.2691 7.822 -232.635 491 0.000212 0.014 

moon 478.503 13.056 -236.251 492 0.001862 0.001 

moon+logtemp 480.2674 14.820 -236.134 491 0.007024 0.000 

null 486.1843 20.737 -241.092 493 1 0.000 

logtemp 488.0916 22.644 -241.046 492 0.760876 0.000 

 
Table 9-9: Model results for C. parinsignifera (n= 318) 

model aic 
AIC 
change 

loglik df.resid pval AIC wgt 

moon+logtemp+rainsev 243.3715653 0 -116.6857827 313 0.004300763 0.324 

logtemp+rainsev 243.6302182 0.259 -117.8151091 314 0.004290949 0.284 

logtemp 244.583781 1.212 -119.2918905 315 0.004811577 0.177 

moon+logtemp 245.2288 1.857 -118.6144 314 0.009542914 0.128 

moon+rainsev 247.2305836 3.859 -119.6152918 314 0.025963474 0.047 

rainsev 249.1445595 5.773 -121.5722797 315 0.065666461 0.018 

moon 249.7371113 6.366 -121.8685557 315 0.094523296 0.013 

null 250.5327127 7.161 -123.2663564 316 1 0.009 
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Table 9-10: Model results for Lit. peronii (n= 540) 

model aic AIC 
change 

loglik df.resid pval AIC wgt 

logtemp 508.2664 0 -251.133 537 2.46E-21 0.421 

logtemp+rainsev 508.8813 0.615 -250.441 536 1.48E-20 0.309 

moon+logtemp 510.2655 1.999 -251.133 536 2.95E-20 0.155 

moon+logtemp+rainsev 510.8582 2.592 -250.429 535 1.12E-19 0.115 

null 596.2055 87.939 -296.103 538 1 0.000 

rainsev 596.4665 88.200 -295.233 537 0.187255 0.000 

moon 597.9943 89.728 -295.997 537 0.645827 0.000 

moon+rainsev 598.1708 89.904 -295.085 536 0.361548 0.000 

 


