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Abstract 

Frog populations worldwide are declining, and one of the leading causes of this decline is habitat 

destruction and degradation. Frog surveys of an artificial water body created as a by-product of an 

active sand quarry were undertaken to determine the benefit of this water body as habitat for 

amphibians. As a result of the active works, the site is evolving through creation of additional aquatic 

habitat at the expense of terrestrial habitat. Riparian and littoral habitat struggle to keep pace with 

the development; however, remediation works have been initiated.  

Three different treatments were investigated; degraded habitat, naturally regenerated vegetation 

and revegetation works. Despite the works associated with the quarry, seven native species of frogs 

inhabit the site, along with one invasive species. Measures to enhance the site for increased future 

habitation are discussed.  

 

Introduction 

Frogs act as an important indicator of environmental health due to their vulnerability to 

environmental stressors. It has been well documented that frogs are in decline both in Australia and 

internationally. Currently in Australia there are over 200 species of frogs, of which four species are 

extinct, and 29 are federally listed as threatened under the Environment Protection and Biodiversity 

Conservation Act 1999 (Department of the Environment 2014). A recent review of amphibian status 

in Australia paints a bleaker picture; it found that 50 of the 216 amphibian species in Australia are 

threatened or extinct in line with the IUCN Red List Categories and Criteria (Hero et al: 2006). This 

equates to 23% of Australia’s anuran species. Reasons for frog decline in Australia have been 

attributed to habitat removal, fragmentation or degradation, environmental pollution, climate 

change, and increased salinity. In addition, predation or competition from introduced pest species 

including Cane Toad Rhinella marina and Mosquito Fish Gambusia holbrooki, as well as 

the introduction of diseases such as chytrid fungus (Batrachochytrium) have been demonstrated as 

factors in amphibian declines (Hero et al: 2006, Anstis: 2013, Mann & Bidwell: 1999b, Mahony et al: 

1999). Because there are a number of pressures upon frogs both in Australia and globally, it is 

difficult to predict how these stressors might affect frogs in combination with each other.  

Habitat destruction or modification has been attributed as the main threatening process for 23 of 

the 50 species that are recognised on the IUCN Red List (Hero et al: 2006). Wetlands in Australia 

utilised by a variety of taxa; including frogs; have declined over the last century. This is as a result of 

salinization, acidification, pollution, infill of wetlands for development and changes to inflow as a 

result of water diversions for agriculture and alterations in climate. Although human-nature 

interactions are typically viewed as deleterious, there are some instances where we have a positive 

effect on native species or habitats. Despite the large scale and variety of habitat destructions that 

we have caused, in some cases we create habitat, either intentionally or unintentionally.  

This project focuses on the benefits that creating artificial habitat through the work of a quarry can 

have on frogs. The study site in question is a large artificial water body, created by an active sand 

extraction facility. During site operations, rehabilitation efforts have been carried out in order to 

revegetate sections of the lake. Previous studies indicate that frogs inhabit abandoned quarries 



 
(Mahony: 1999, Gillespie & Hines: 1999, Spencer & Griffith: 2012). Based on this,  an investigation of 

this active quarry site may provide insight to the early colonisation of artificial water bodies by 

amphibians. 

This study investigates if Hanson have potentially created critical amphibian habitat through the 

construction of the water body Tweed Sands Lake, and associated efforts to rehabilitate the site 

during operations. This study aims to assess whether there is greater diversity and abundance of 

frogs in rehabilitated or unmanaged parts of the lake, and to provide management advice on future 

rehabilitation works to maximise chances of colonization.  

Tweed Sand Plant is an active sand quarry located in Chinderah, approximately 140km south of 

Brisbane, Australia. The Plant includes a 17 hectare commercial sand extraction facility, a tea-tree 

plantation, and agricultural land (Figure 1). The Tweed River is approximately three kilometres to the 

north-west of the site.  

An artificial water body has been created by the sand extraction on the Tweed River floodplain, 

known as Tweed Sands Lake. It is filled predominantly with groundwater (Gehrke & Matveev: 2006). 

The lake has steep sides and its borders are evolving as the sand extraction continues. This has made 

it difficult for a comprehensive littoral zone and riparian habitat to establish around the lake (Gehrke 

& Matveev: 2006). A considerable amount of the habitat around the lake is bare ground, however, a 

narrow band of riparian vegetation and aquatic vegetation have established in areas that were 

excavated earlier in the lake’s history.  

The site’s low lying position in the Tweed River floodplain has allowed fish to enter during periods of 

flooding. In addition, it has been stocked with fish periodically including Australian bass, mangrove 

jack and yellowfin bream (Gehrke & Matveev: 2006). Fish that have been detected at the site include 

striped mullet, snub-nosed garfish, long-finned eel, common silverbiddy, empire gudgeon, flat-tail 

mullet, gambusia and Australian bass (Gehrke & Matveev: 2006). Bird surveys completed at the site 

have detected more than 70 species (T Shell 2014, pers. comm., 17 Apr).  

Excavation at the site commenced in 1983 (Gehrke & Matveev: 2007), and the current works which 

will extend the quarry to the western property boundary are anticipated to continue for another 10 

years (J McQueen 2014 pers. comm. 11 Apr). Additional works which will extend the quarry into the 

current tea tree plantation are planned and will finish approximately 40 years from now. The site is 

subject to regular cyanobacteria blooms, and advice included developing an artificial wetland to 

mitigate these issues (Gehrke & Matveev: 2006). This has commenced and is shown in Figure 3 as 

the excavated water body along the western boundary. Since 2011, native species have been 

planted for approximately 400m along the western section of the southern boundary (Figure 2). 

These works have won the site the NSW CCAA Environment Best Performance Award 2012 for the 

initiative in forming the final lake batters in the early stages of dredging to allow flora and fauna 

establishment throughout the life of the project, rather than waiting until works are complete.  

The surrounding land includes vegetated drainage lines along the southern and western boundaries; 

the tea tree plantation onsite immediately to the north and north-west of the quarry and a dam 

onsite immediately to the north-east of the quarry. Additionally, there are various access tracks, 



 
sheds and processing stations onsite. Outside of the property boundary, the site is surrounded by 

agricultural land to the east, south and west and factories to the north.  

 

Methods 

A literature and database review was undertaken to determine which species could feasibly be 

present at the site based on their range and habitat requirements (Anstis: 2013, Atlas of Living 

Australia: 2014, DEH NSW: 2014). This also encompassed appropriate survey methods for the 

different species based on their habits, breeding seasons, known efficacy of different survey 

techniques and whether or not they are Federal and/or State listed species. This streamlined survey 

methods and identification.  

A diurnal survey of the habitat available at the site was undertaken 11/04/2014. The survey 

compared the three treatments (degraded, naturally regenerated and re-vegetated vegetation) by 

looking at the vegetation types present, presence of material for shelter and overwintering, and 

whether there were impediments to breeding such as insufficient vegetation and evidence of 

predatory species. Incidental observations of frogs were recorded during diurnal habitat surveys.  

Nocturnal surveys were undertaken on four consecutive nights (14/04/2014 – 17/04/2014) to assess 

the presence of frogs through visual encounter surveys and listening surveys. Frog survey methods 

are in line with Federal and State guidelines for survey of threatened amphibians (DECC NSW: 2009, 

DEWHA: 2010) and State and Federal frog hygiene protocols (DECC NSW: 2008, Murray et al: 2011). 

Nocturnal surveys commenced after sunset and concluded before midnight as per the guidelines. 

Surveys started no earlier than 18:00 and finished no later than 21:25. Where frogs were detected, 

their location was recorded in regards to which treatment they were situated in. The weather at the 

time of the survey was recorded, including whether it had rained in the previous 48 hrs. Surveys 

would not go ahead if the weather was determined unsuitable for example too cold (less than 15⁰C) 

or too wet. All nocturnal frog surveys were undertaken by two ecologists (Kate Stevenson and Thea 

Shell) for occupational health and safety reasons and enhanced detection rates.  

Visual encounter surveys (VES) were performed as a randomised walk around the site (Figure 2). 

Areas adjacent to plant and areas with unstable banks were excluded for safety reasons.  Due to the 

size of the site, it was divided in half and each section was surveyed twice over the four nights of 

survey. The southern section; consisting of the degraded vegetation in the east; and the regenerated 

and re-vegetated sections along the southern boundary, were surveyed 14/4/2014 and 

16/4/2014.The western and northern section; consisting of the degraded and regenerated 

vegetation along the western boundary and between the quarry and the tea-tree plantation, were 

surveyed 15/4/2014 and 17/4/2014. A minimum of 100 minutes was spent each night performing 

visual encounter surveys. Any frogs that were detected were identified using keys (Anstis: 2013, 

Tyler & Knight: 2011).  

Point call surveys were performed in two locations for each treatment (degraded, naturally 

regenerated and re-vegetated vegetation) for 10 minutes (Figure 3). Call surveys involved two 

ecologists silently listening to any frog calls and identifying their species and the habitat they were 

located in. Call-playback was not included as there were too many potential species, and it was 



 
outside of the calling season for many. In addition, not all species respond to call-playback. Calls 

were identified from the Australian Frog Calls Subtropical East from the Nature Sound CD series by 

David Stewart. An additional listening survey was performed for the dam to the north-east of the 

quarry, to assess any difference in species composition.  

Cane toads were counted and their location in regards to the three treatments was noted on each 

night during visual encounter surveys. Cane toad counts were analysed to determine which of the 

three treatments they preferred by running an ANOVA on the numbers of cane toads recorded in 

each treatment adjusted for the amount of each treatment was surveyed.  

 Three permanent quarry staff members were interviewed on various aspects of the quarry including 

the history of the site, the species they had encountered and operational aspects.  

 

Results 

Habitat surveys were done for each of the call locations and are demonstrative of the general 

characteristics of each of the three treatments. Sites A and B reflect degraded habitat, C and D 

reflect naturally regenerated habitat and sites E and F reflect the revegetated habitat (Tables 8-10). 

The vegetation along the lake shore is dominated by Typha, Schoenoplectus, Phragmites, Paspalum 

and Casuarina. Littoral habitat rarely extended further than two metres from the shore due to steep 

banks. Aquatic macrophytes were dominated by the structural class of emergent vegetation. There 

was very little floating or submerged vegetation.  

The dam habitat differed from the lake habitats, with 90% coverage of aquatic vegetation and 10% 

open water. It had been dry until three weeks preceding the surveys (J McQueen 2014, pers. comm. 

11 Apr) and levels remained low. Unlike the lake, aquatic macrophytes were more varied and 

included beds of floating, submerged and emergent vegetation.  

The weather throughout the surveys and for 48 hours preceding surveys was appropriate for frog 

surveys (Table 3).  Surface water temperatures averaged at 21.4⁰C across the four nights of survey.  

Surveys of the physicochemical properties of the lake are performed weekly by Lloyd Wright, using 

TPS meters WP-81, MC-80 and WP-82Y. The site is surveyed in three places; the eastern and western 

sides of the lake, and the pit drainage (Figure 3). Water quality surveys undertaken 12/4/2014 were 

consistent with the preceding surveys; slightly alkaline water (ph 7.61, 7.79) and slightly elevated 

salinity (EC 2072, 2059 μS/cm) in the two lake surveys. The salinity typically ranges from freshwater 

to mildly brackish (Gehrke & Matveev 2007).   

Database searches indicate that 22 species of frogs have been detected within a 10km radius of the 

site (Table 1), in addition to a further 19 species that could occur in the area based on their range 

(Table 2). A total of seven species of native frogs were detected throughout the four nights of survey 

and one invasive species, Cane Toad Rhinella marina.  

Cane Toad Rhinella marina, Rocket Frog Litoria nasuta and Brown-striped Frog Limnodynastes peroni 

were detected at all three treatments and the dam, while Peron’s Tree Frog Litoria peroni was 



 
detected at the three treatments but not the dam. Dusky Toadlet Uperoleia fusca was detected at all 

habitats excluding degraded habitat. Three species were detected only at one site; Eastern Dwarf 

Tree Frog Litoria fallax was only detected at the dam, while Green Tree Frog Litoria caerulea and 

Ornate Burrowing Frog Platyplectrum ornatum were only detected in the degraded habitat.  

Four native species were detected in naturally regenerated habitat, revegetated habitat and the 

dam, while the degraded habitat showed a slightly higher species diversity with five native species.  

Visual encounter surveys detected six species of frogs. Five species (12 individuals) were detected in 

the degraded habitat and two species (three individuals) in each of the regenerated and revegetated 

habitats (Table 4).  Rocket Frog Litoria nasuta was detected in all three treatments, Dusky Toadlet 

Uperoleia fusca was only detected once in the revegetated habitat, and Green Tree Frog Litoria 

caerulea and Ornate Burrowing Frog Platyplectrum ornatum were each detected once in the 

degraded habitat.  

Call surveys detected no frogs in the degraded habitats, with the same two species (Dusky Toadlet 

Uperoleia fusca and Brown-striped Frog Limnodynastes peroni) detected calling from both 

regenerated and revegetated habitat. More calls were detected in the revegetated habitat. 

Additionally, Peron’s Tree Frog Litoria peroni was heard calling from both the regenerated and 

revegetated habitat during diurnal surveys (Table 5).  

Five species of amphibians were recorded at the dam immediately to the north east of the quarry. 

These included four native species (Striped Marsh Frog Limnodynastes peroni, Eastern Dwarf Tree 

Frog Litoria fallax, Rocket Frog Litoria nasuta and Dusky Toadlet Uperoleia fusca) and one invasive 

species; Cane Toad Rhinella marina (Table 6).  

Cane Toads Rhinella marina were detected in all three treatments. Surveys of Cane Toads across the 

three treatments were adjusted for number of cane toads found per 100m of habitat surveyed. An 

ANOVA revealed that there was no significant difference between the three treatments (p value 

>0.05), however, there was a trend towards greater numbers of toads in more diverse habitat. The 

degraded habitat had the lowest number of cane toads, followed by the regenerated habitat, with 

the revegetated habitat showing higher numbers of cane toads per 100m (Table 7).  

Over 70 different bird species were identified on site while surveying the area in April 2014 (Thea 

Shell 2014, pers. comm. 17 Apr). In addition, diamond pythons, eastern water dragons, Asian house 

geckos and unidentified skinks were detected throughout the survey period.  

Diurnal surveys detected juvenile and tadpole Cane Toads Rhinella marina in the drainage line 

adjacent to call site E and in the water and land adjacent to call site A. Additionally, Brown-striped 

Frog Limnodynastes peroni was heard calling in the dam and Peron’s Tree Frog Litoria peroni was 

heard calling on multiple occasions along the southern boundary of the property.  

Discussions with staff on site indicate that in addition to Green Tree Frog, Rocket Frog and Ornate 

Burrowing Frog, which were detected during surveys, Dainty Green Tree Frog, Banjo Frog and 

possibly Broad Palmed Frog are also present on site (L Wright 2014, pers. comm. 16 Apr).  

 



 
Discussion 

Hero et al (2006) describe eastern Australia has having experienced ‘broad scale catastrophic 

amphibian declines’ since the seventies. Loss, isolation or degradation of habitat as a result of 

urbanisation and other anthropogenic activities has resulted in significant declines in amphibian 

populations (Hamer & Parris: 2011). Urbanisation affects approximately 37% of amphibian species 

globally (Hamer & McDonnell: 2008). With high levels of urbanisation throughout the east coast of 

Australia, most species, even those that are not listed as threatened by state or Federal legislation or 

on the IUCN Red List, would benefit from additional habitat construction. Habitats such as those the 

Tweed Sands Lake provides.  

Constructed dams, ditches and quarries have added to potential breeding habitat for some species 

of frog (McDonald & Alford: 1999), and amphibians regularly inhabit stormwater retention ponds 

(Hamer et al: 2012). Species known to use quarries and other man made sites for breeding include 

Green and Golden Bell Frog Litoria aurea (Mahony: 1999) and Lesueur’s Frog Litoria lesueurii 

(Gillespie & Hines: 1999). Federally listed Growling Grass Frogs Litoria raniformis are found in 

abandoned quarries in Victoria, including the City of Whittlesea Quarry, a site formerly operated by 

Hanson Landfill services (Spencer & Griffith: 2012).  

Creation of additional habitat like this quarry can provide much needed habitat connectivity to 

enable frogs to disperse across the landscape. Isolated populations with smaller gene pools are more 

susceptible to localised extinction. Without significant effort in monitoring Australia’s anuran 

species, many species may be undergoing an undetected gradual decline.  There is limited 

information on relationships between frogs and habitat in modified environments, and required 

connectivity between aquatic and terrestrial environments used by frogs (Hazel: 2003). Tweed Sands 

Lake could provide important refugia during drought, as it is more than 19m deep in some parts 

(Gehrke & Matveev: 2006) and therefore unlikely to dry out. 

A study by Hamer and Parris (2011) found that frog populations in urban ponds were negatively 

affected by shading, salinity and predatory fish, but positively affected by aquatic vegetation. A 

comparison of farm dams versus natural ponds in agricultural land in New South Wales showed 

similar population densities but varied species composition of frogs. Additionally, water bodies that 

did not contain fish and had good cover of emergent vegetation were preferred (Hazell et al: 2004). 

Surveys of 30 stormwater retention ponds detected nine species of frogs, however, their habitat 

preferences varied between species (Hamer et al: 2012). This demonstrates the complexity of 

designing artificial habitat for frogs and suggests that incorporating a matrix of different habitat 

variables could encourage more frogs to colonise. Reducing the salinity of Tweed Sands Lake, 

improving aquatic vegetation and reducing predatory fish would likely improve its habitability by 

amphibians.  

VES surveys indicate that more species preferred the degraded habitat to the regenerated and 

revegetated habitat, however, this may have been compounded by the increased visibility in the 

degraded habitat due to reductions in vegetation. In addition, although similar reaches of 

regenerated and degraded habitat were surveyed, the reach of revegetated habitat was less than 

half the length. Call surveys indicate that the regenerated and revegetated habitat may be preferred 



 
for breeding. Surveys of the dam indicated higher densities of activity, with similar numbers of 

individuals detected in one night to those detected over four nights in the three treatments. This 

may be a result of the recent dry period, which would potentially have eliminated any predatory 

fish; or a preference for the aquatic vegetation, which was denser and more structurally varied with 

attached floating, submerged and emergent vegetation compared with the largely emergent 

vegetation in the lake sites. This was intended to be a preliminary assessment, and these results 

could be further extrapolated after more extensive survey; especially surveys throughout the year, 

and across several years.  

The ecosystem supported by Tweed Sands Lake is similar to that found in small natural lakes. 

However, the ecosystem is at a developmental stage and has potential to support higher biomasses 

of organisms (Gehrke & Matveev: 2006).  

In addition to the frogs themselves, and especially the cane toads, several species utilising the site 

are likely to prey upon frogs. Amphibians make up the diet of several birds detected at the site, 

including great cormorant, pied cormorant, great egret and swamp harrier (Gehrke & Matveev: 

2006). Fish detected at the site which could potentially prey upon frogs, their tadpoles and their 

eggs include gambusia and Australian bass, which was introduced to the site as a result of its trophic 

status as a predator (Gehrke & Matveev: 2006). Gambusia eat eggs of tadpoles and have been 

attributed to the decline of Australian frogs (Rowe et al: 2008). Gambusia have been listed as a key 

threatening process for NSW frog populations (Threatened Species Conservation Act 1995) and have 

been linked to declines in 15 species of Australian frogs (Rowe et al: 2008, MDBC: 2007).  

Cane Toads Rhinella marina were introduced to Australia in the 1930s and are continuing to spread 

throughout Australia. Cane toad and native anuran interactions include predation, competition, and 

sharing parasites (Shine: 2014). A recent review by Shine (2014) suggests that cane toads may have a 

net neutral effect on native frogs. One way that cane toads benefit native frogs is by poisoning 

potential predators. Removal of cane toads from the Australian landscape has proven largely 

ineffective so far, and it is unlikely to be feasible at this site. There is potential to reduce numbers at 

this site in the future by baiting traps with cane toad venom, which attracts cane toad tadpoles but 

rarely native tadpoles (Crossland & Shine: 2011).  

Cyanobacteria is a serious issue at the site for the lake, staff, and the potential for the lake to one 

day become a recreational site. Surveys of the cyanobacteria determined that 26.8% of the biomass 

was made up of species which are potentially toxic to humans (Gehrke & Matveev: 2006). Several of 

the measures suggested by Gehrke and Matveev (2006, 2007) to mitigate the cyanobacteria issues 

would also benefit amphibian colonisation, including improving fish screens on drainage channels to 

reduce fish entering the lake, construction of an artificial wetland, vegetation rehabilitation to 

increase the littoral and riparian habitat, and increasing shallow habitat. However, some of the 

measures could contraindicate amphibian colonisation, including maintaining a population of 

predatory fish (Australian bass), increasing salinity, and reducing the pH. Reduction of nutrient loads 

would aid in the battle against cyanobacteria, and in conjunction with reduced sediment loads it 

would increase the habitat suitability of the site for three species with potential to occur at the site; 

Adelotus brevis, Crinia tinnula and Litoria freycineti (Hazel 2003).  



 
Chytrid fungus, genus Batrachochytrium, has caused substantial amphibian mortalities via 

chytridiomycosis. Chytridiomycosis is a serious threat to amphibians internationally, and has been 

detected in many waterways throughout Australia since 1989 (Berger et al 1999).  

Cyanobacteria issues mean the site already has hygiene protocols in place to prevent anything being 

taken from the site, but they should be modified to ensure that Chytrid or other diseases and 

pathogens are not introduced to the site.  

Chytrid is affected by water temperature, pH, light, nutrition and dissolved oxygen levels (Berger et 

al: 1999). Increased water temperature and salinity have been shown to reduce the likelihood and 

intensity of chytrid (Heard et al: 2014). These can be achieved through reduced canopy shading, 

which this site is largely not affected by due to the lack of riparian vegetation and the area of the 

lake, and by allowing inflow of groundwater, which is the predominant water source for this lake. 

However, the depth of the lake makes it unlikely to be overly warm and increased salinity is typically 

inversely related to frog habitation. It is not known whether chytrid is present at this site, and it 

would be beneficial to investigate this.  

Frogs are highly sensitive to pollutants as a result of their permeable skin and having both aquatic 

and terrestrial life stages. Roundup, a glyphosate based herbicide, with no additional surfactant 

added is applied two to three times a month to the tea tree plantation immediately north of the 

quarry (J McQueen, 2014, pers. comm. 16 Apr). Although Roundup is typically considered safe for 

use around amphibians, studies indicate that it does pose a potential threat either directly or 

indirectly affecting survival. Tadpoles seem to be considerably more susceptible than adult frogs to 

the effects, with lower rates leading to mortality, and potential for morphological impact (Mann & 

Bidwell: 1999a, Relyea: 2012). Direct application leads to mortality in metamorphs and adults (Mann 

& Bidwell: 1999a, Relyea: 2005). Future use of Roundup should be reconsidered due to the close 

proximity to the waterbody, and the potential for residual chemicals to enter the lake via 

groundwater and runoff. However, due to the batters built up on the northern side of the quarry, 

chances of runoff are significantly reduced. Roundup is considered to be non-residual, so 

applications that are made with careful consideration with regards to upcoming rain and current 

wind conditions will potentially be neutralised by soil before entering the waterbody in significant 

concentrations. In addition, the size and depth of the lake should prevent high concentrations. 

Roundup® Biactive (MON 77920) would be recommended over Roundup® Herbicide (MON 2139) as 

it was found to be significantly less toxic to four species of Australian tadpoles (Mann & Bidwell 

1999a). Interestingly, application of glyphosate based herbicides has been shown to reduce the 

effects of Chytrid fungus on frogs (Gahl et al: 2011).  

Fertilisers used on the Tea Tree plantation have potential to enter the lake via run off and ground 

water. It has been suggested that the low nutrient soils common in Australia have contributed to 

anuran sensitivity to fertilisers (Mann & Bidwell: 1999b). Reduction in application could help reduce 

cyanobacteria blooms (Gehrke & Matveev: 2006) and improve the lake for frog habitation.  

As soon as possible to encourage vegetation colonisation, any banks that are no longer being 

dredged should be modified from the steep gradient that they currently have to a more sloping 

gradient to facilitate vegetation colonisation. This will encourage growth of aquatic macrophytes 



 
which will have multiple benefits for the site; bank stabilisation, reduction of cyanobacteria, and 

improved habitat for fish and amphibians (Gehrke & Matveev 2006, 2007). 

Revegetation efforts should focus on areas that have been excavated to their furthest extent, 

focussing on the south eastern, southern and south western sections of the property. This has 

already commenced in the southern section of the property, with a planted section approximately 

400m long including Casuarina, Lillipilli and Melaleuca species.  

Future plantings should consider habitat preferences of the amphibian species already present, and 

those with potential to inhabit the site. Among other agricultural and developmental endeavours, 

sand mining has led to the draining and clearing of habitat for wallum dependent species (Hero et al: 

2006) including three species with potential to occur in the area; Crinia tinnula, Litoria freycineti and 

Litoria olongburensis (Table 1 and 2). Riparian plantings of heathland, Melaleuca swamp, sedgeland 

and Banksia woodland species would benefit these species (Hines et al: 1999).  

Once operations cease, inclusion of aquatic macrophytes into planting designs targeting the 

structural components currently missing (floating and submerged vegetation) would benefit both 

amphibians and fish.  

Using a combination of survey methods and repeating the surveys over four nights enhanced the 

likelihood of detection whilst remaining non-invasive (DEWHA 2010); however, the timing of this 

project meant that species that breed through spring and summer were insufficiently surveyed. The 

results prove the presence of the species detected at the site, but they do not prove the absence of 

species which have not been detected.  

Repeat surveys throughout the year would be beneficial, especially to target the breeding seasons of 

threatened species like Olongburra Frog Litoria olongburensis, and to target peak breeding seasons 

for all of the potential species to increase likelihood of detection. Litoria olongburensis has been 

recorded within 10km of the site (Table 1) but peak survey period is between October-February, 

preferably within days of heavy rainfall. The methodology used in this study (nocturnal visual 

encounter surveys and call surveys) would be appropriate for detecting this species, and the habitat 

available at the lake has potential to support this threatened species (DEWHA: 2010).  

Now that frogs have been detected onsite, it would be beneficial to add egg mass surveys and larval 

sampling, two other common methods for amphibian detection (DEWHA: 2010), to determine if the 

lake is a suitable breeding habitat for frogs. The timescale of this survey, in addition to the issues 

associated with the cyanobacteria blooms, made this unsuitable at this time. Additionally, further 

survey could investigate the drainage lines to the south and west of the property.  

 

Conclusion  

The artificial Tweed Sands Lake provides habitat for at least seven native frog species despite the 

ongoing activity of the quarry. This is an important example of frogs and industry coexisting. To 

increase the frog population, the primary actions would be to reduce the gradient of the banks and 

increase the littoral and riparian habitat around the lake, with reference to habitat for threatened 



 
species. Reduction of salinity, and reconsideration of use of Roundup and further addition of 

Australian bass to the lake are suggested. Additional measures to reduce cane toad and gambusia 

populations would be beneficial, but are likely to be unsuccessful.  

Further survey is recommended to monitor frog populations, including investigating whether 

breeding is occurring within the lake, dam or drainage lines on site, whether chytrid is present on 

site, and surveys throughout the year to ascertain presence of additional species.  

Because it is relatively immature and undergoing continued disturbance, this lake provides an 

interesting opportunity for ongoing survey, which could demonstrate the benefits of ongoing site 

remediation. There is potential for Tweed Sands Lake to develop an ecosystem similar to those 

shown by natural lakes and wetlands once commercial operations cease, and even provide 

recreational habitat (Gehrke & Matveev: 2007). Through the foresight of beginning site remediation 

now; potentially forty years before the dredging is complete; this site has the potential to be a really 

valuable habitat zone in the future. With targeted habitat creation for amphibians, this site has the 

potential to support a much greater population and potentially greater species diversity. Although 

this habitat was unintentionally created as a by-product of the quarry, it can and has been 

intentionally improved to the benefit of biodiversity.   
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Appendices 

Figure 1: Location and extent of survey site 

 

  



 
Figure 2: Extent of three treatments (degraded, regenerated and revegetated) assessed throughout 

the site, showing areas where VES surveys were undertaken 

 

  



 
Figure 3: Approximate extent of sand excavation as at April 2014, including location of wetland along 

the western boundary, in addition to locations of call surveys and water quality assessments. A & B 

represent degraded habitat, C & D represent regenerated habitat and E & F represent revegetated 

habitat.  

 

 

  



 
Scientific name Common Name NSW 

Status* 
Comm. 
Status** 

Peak Breeding*** Calling*** 

Adelotus brevis Tusked Frog P  Sep-Feb Spring and Summer 

Crinia 
parinsignifera 

Eastern Sign-
bearing Froglet 

P  Jul-May Year round, peak 
Mar-Apr and Sep-Nov 

Crinia signifera Common Eastern 
Froglet 

P  Year round, peak 
Mar-Oct 

Year round 

Crinia tinnula Wallum Froglet V, P  Autumn, potentially 
year round 

Year round 

Limnodynastes 
peronii 

Brown-striped 
Frog 

P  Year round, peak 
Spring to Autumn 

Year round, peak 
Spring to Autumn 

Limnodynastes 
terraereginae 

Northern Banjo 
Frog 

P  Sep-Feb Spring and Summer 

Litoria caerulea Green Tree Frog P  Nov-Mar Spring and Summer 

Litoria dentata Bleating Tree Frog P  Oct-Feb Spring and Summer 

Litoria fallax Eastern Dwarf 
Tree Frog 

P  Year round, peak 
Spring and Summer 

Spring and Summer 

Litoria freycineti Freycinet's Frog P  Nov-Jan Spring and Summer 

Litoria gracilenta Dainty Green Tree 
Frog 

P  Jan-Feb Spring and Summer 

Litoria jervisiensis Jervis Bay Tree 
Frog 

P  Mar-Sep Year round, peak 
Autumn and Spring 

Litoria 
latopalmata 

Broad-palmed 
Frog 

P  Spring and Summer Year round, peak 
Spring and Summer 

Litoria nasuta Rocket Frog P  Oct-Feb Spring and Summer 

Litoria 
olongburensis 

Olongburra Frog V, P V Spring and Summer Spring and Summer 

Litoria peronii Peron's Tree Frog P  Spring to early 
Summer 

Spring to Autumn 

Litoria tyleri Tyler's Tree Frog P  Spring and Summer Spring and Summer 

Platyplectrum 
ornatum 

Ornate Burrowing 
Frog 

P  Oct-Mar Spring to Autumn 

Pseudophryne 
coriacea 

Red-backed 
Toadlet 

P  Dec-Mar Year round, peak 
Oct-Mar 

Rhinella marina* Cane Toad   Year round Spring to Autumn 

Uperoleia fusca Dusky Toadlet P  Spring to Autumn Spring to Autumn, 
peak Nov and Jan 

Uperoleia 
laevigata 

Smooth Toadlet P  Year round Year round, peak 
Sep-Feb 

Table 1: Frogs found within 10km of site through searches of Atlas of Living Australia and NSW 

BioNet (Atlas of Living Australia 2014, DEH NSW 2014, Anstis 2013). *P: Protected (National Parks 

and Wildlife Act 1974); V: Vulnerable, E1: Endangered, E2: Endangered Population (Threatened 

Species Conservation Act 1995). **E: Endangered, V: Vulnerable (Commonwealth EPBC Act 1999). 

***Breeding and calling are sometimes subject to weather, with species calling in relation to rainfall 

(Anstis 2013, DEWHA 2010).  

 



 
Scientific name Common Name NSW 

Status* 
Comm. 
Status** 

Peak Breeding*** Calling*** 

Assa darlingtoni Pouched Frog V, P  Spring and Summer Spring and Summer 

Cyclorana 
brevipes 

Short-footed frog P  Summer, possibly 
Autumn 

Spring to Autumn 

Lechriodus 
fletcheri 

Fletcher's Frog P  Spring and Summer Spring and Summer 

Limnodynastes 
dumerilii 

Eastern Banjo 
Frog 

P  Spring to Autumn Spring to Autumn, 
peak Oct-Dec, Feb 

Limnodynastes 
salmini 

Salmon-Striped 
Frog 

P  Jan and Mar, 
possibly Spring to 
Autumn 

Spring to Autumn 

Limnodynastes 
tasmaniensis 

Spotted Grass 
Frog 

P  Year round, peak 
Spring to Autumn 

Year round 

Litoria 
brevipalmata 

Green-thighed 
Frog 

V, P  Nov-Feb Spring and Summer 

Litoria chloris Red-eyed Tree 
Frog 

P  Nov-Feb Spring and Summer 

Litoria lesueuri Lesueur's Frog P  Spring and Summer Winter to Autumn, 
peak Spring 

Litoria 
pearsoniana 

Pearson's Green 
Tree Frog 

P  Oct-Feb Spring to Autumn, 
peak Feb 

Litoria revelata Revealed Frog P  Sep, Oct, Feb, Apr Spring to Autumn 

Litoria rubella Red tree frog P  Late Spring to 
Summer 

Summer to Autumn 

Litoria verreauxii Verreaux's Frog P  Late Winter to 
Summer 

Year round, peak 
Spring to Autumn 

Litoria wilcoxii Eastern Stony 
Creek Frog 

P  Spring and Summer Late Winter to 
Autumn 

Mixophyes 
fasciolatus 

Great Barred Frog P  Oct-Mar Spring to Autumn, 
peak Jan-Feb 

Mixophyes fleayi Fleay's Barred 
Frog 

E1,2, P E Jul-Mar Winter to Autumn 

Mixophyes 
iteratus 

Giant Barred Frog E1,2, P E  Spring to Autumn, 
peak Nov and Feb 

Philoria 
loveridgei 

Loveridge's Frog E1,2, P  Spring and Summer Nov-Jan 

Pseudophryne 
bibronii 

Bibron's Toadlet P  Year round Year round, peak 
Dec-May 

Table 2: Additional frogs with potential to occur at the site based on their range (Anstis 2013). *P: 

Protected (National Parks and Wildlife Act 1974); V: Vulnerable, E1: Endangered, E2: Endangered 

Population (Threatened Species Conservation Act 1995). **E: Endangered, V: Vulnerable 

(Commonwealth EPBC Act 1999). ***Breeding and calling are sometimes subject to weather, with 

species calling in relation to rainfall (Anstis 2013, DEWHA 2010). 

 

  



 
Date Day Min Temp* ⁰C Max Temp* ⁰C Rainfall 

mm* 
Rainfall measured 
onsite mm** 

12/04/2014 Sa 20 32.7 0 0 

13/04/2014 Su 21.5 24.1 0.2 0 

14/04/2014 Mo 19.4 24.2 3.2 2 

15/04/2014 Tu 18.3 24.7 4 7 

16/04/2014 We 17.8 26.5 0.2 0 

17/04/2014 Th 17 27.2 0.2 0 

Table 3: Weather recorded during the survey period and 48 hours preceding any surveys.  
*Bureau of Meteorology records for Coolangatta www.bom.gov.au  
**(L Wright 2014 pers. comm. 17 Apr) 
 

Habitat Scientific Name Common Name Call or 
Observation 

Date 

Degraded 
 

Litoria peroni Peron's Tree Frog Call 14/04/2014 

Litoria nasuta Rocket Frog Observation 15/04/2014 

Limnodynastes peroni Brown-striped Frog Call 15/04/2014 

Litoria caerulea Green Tree Frog Observation 16/04/2014 

Litoria nasuta Rocket Frog Observation 17/04/2014 

Litoria nasuta Rocket Frog Observation 17/04/2014 

Litoria nasuta Rocket Frog Observation 17/04/2014 

Limnodynastes peroni Brown-striped Frog Call 17/04/2014 

Litoria nasuta Rocket Frog Observation 17/04/2014 

Litoria nasuta Rocket Frog Observation 17/04/2014 

Litoria nasuta Rocket Frog Observation 17/04/2014 

Platyplectrum ornatum Ornate Burrowing Frog Observation 17/04/2014 

Regenerated 
 

Limnodynastes peroni Brown-striped Frog Observation 14/04/2014 

Litoria nasuta Rocket Frog Observation 14/04/2014 

Litoria nasuta Rocket Frog Observation 14/04/2014 

Revegetated 
 

Litoria nasuta Rocket Frog Observation 14/04/2014 

Litoria nasuta Rocket Frog Observation 14/04/2014 

Uperoleia fusca Dusky Toadlet Call 14/04/2014 

Table 4: Results of Visual Encounter Surveys for frogs 
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Habitat Site Scientific name Common name Quantity Date 

Regenerated 
 

C Limnodynastes peroni Brown-striped Frog 1 15/04/2014 

D Uperoleia fusca Dusky Toadlet 2 16/04/2014 

Revegetated 
 

E Uperoleia fusca Dusky Toadlet 3 14/04/2014 

F Uperoleia fusca Dusky Toadlet 4 14/04/2014 

F Limnodynastes peroni Brown-striped Frog 2 15/04/2014 

F Uperoleia fusca Dusky Toadlet 1 15/04/2014 

E Uperoleia fusca Dusky Toadlet 4 16/04/2014 

F Limnodynastes peroni Brown-striped Frog 1 17/04/2014 

Table 5: Results of Call surveys for frogs 

 

Common name Scientific name Call or Observation Count 

Brown-striped Frog   Limnodynastes peroni Call 6-10 

Eastern Dwarf Tree Frog Litoria fallax Call 2 

Rocket Frog Litoria nasuta Call 1 

Dusky Toadlet Uperoleia fusca Call 1 

Cane toad Rhinella marina Observation 10 

Table 6: Results of frog survey at dam 15/4/2014. 

 

 Toads per 100m of habitat 

 Degraded Regenerated Revegetated 

Survey 1 2.692308 3.1 3 

Survey 2 0.576923 3 5.25 

Survey 3 2.5 1.2 2 

AVERAGE 1.923077 2.433333 3.416667 

Table 7: Results of Cane Toad Rhinella marina surveys in each treatment.  

 

 Degraded Regenerated Revegetated 

 A B C D E F 

Terrestrial bank vegetation 25% 70% 99% 50% 80% 90% 

Bare Bank 75% 30% 1% 50% 20% 10% 

Aquatic fringing vegetation 1% 10% 80% 60% 90% 60% 

Table 8: Percentage cover of vegetation for each call site 

 

  



 
  Degraded Regenerated Revegetated 

  A B C D E F 

Submerged Feather like       

Broad strap like       

Grass like       

Branched form       

Floating Attached lily like I      

Free floating, small plant       

Free floating, large plant       

Emergent Reed like  I S B C B 

Grass like I      

Tussock/Rush like I I B B C B 

Branched form I      

Unbranched, broad leaf 
form 

      

Table 9: Aquatic vegetation along bank for each call site. I=isolated, S=scattered, B=in beds, 
C=choking 
 

  Degraded Regenerated Revetatated 

  A B C D E (north) E (south) F 

 Riparian 
zone 

0-15m 30m 20m 20m >30m 30m 15m 

Ground 
covers 

% cover 20-50 50-80 >80 >80 >80 >80 >80 

% exotic >60 >60 >60 >60 >60 >60 >60 

Shrubs % cover 0 0 0 0 0 <20 20-50 

% exotic - - - - - 0 0 

Trees % cover 0 0 20-50 <20 >80 0 0 

% exotic - - <20 <20 >80 - - 

Table 10: Terrestrial vegetation 


