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Abstract: 

The invasive cane or marine toad (Rhinella marina) has spread across much of Australia 

since its initial introduction in 1935. Naturally found in Central and South America, R. 

marina was introduced to Northern Queensland to control cane insect pest populations. 

This study was conducted at Lake Ainsworth, Lerui.ox Head, New South Wales, Australia 

to determine if there was sexual dimorphism amon'g ~dult males, adult females, and 

juveniles by measuring snout-vent length (SVL) and weight. Additional research 

objectives included determining aquatic range dispersal between adult male and female 

cane toads, and stomach contents of adult male, adult female, and juvenile by prey order 

and abundance. There were significant differences detected between SVL of males with 

small testes (80.00 ± 9.35) and males with developed testes (102.1 ± 11.3, p = 0.007), 

SVL between gravid females (111.4 ± 16.1) and non-gravid females (95.7 ± 12.1,p = 

0.039), and weight between male cane toads (90.9 ± 31.3) and gravid females (145.6 ± 

66.7,p = 0.011). There was no significant difference in weight between males (90.9 ± 

31.3) and non-gravid females (82.1 ± 34.0, p = 0.506), or SVL between males (102.1 ± 

11.3) and females (103.6 ± 16.1, p = 0.637). Insect orders in the stomach contents of R. 

marina included Coleoptera, Hymenoptera, Arachnida, Diptera, Blattodea, Isoptera, 

Hemiptera, Orthoptera, Odonata, and Dermaptera! . This species likely competes with 

native species found in the area such as: Limnodyn4.sles lerraereginae, Liloria caeruiea, 

Liloria nasuta, Liloria chloris, Liloria brevipalmala, Limnodynastes peronii, Litoria 

peronii, Crinia signifera, Liloria fallax, Limnodynastes ornatus, Liloria gracilenta, and 

Liloria tyleri, which also feed on small insects. Several other native species of anurans 

from New South Wales such as Pseudophryne corroboree, P. dendyi, P. bibroni, Crinia 

signifera, and Hyla verreauxi had stomach contents that contained the orders Collembola, 

Coleoptera, Hymenoptera, Formicidae, Hemiptera, Diptera, Acarina, Araneae, 

Orthoptera, Odonata, and Diplopoda, suggesting that cane toads compete directly for 

food resources with the native species. 
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Authors Statement: 

The research conducted on the sexual dimorphism, fresh water dispersal range, and prey 

items of cane toads (Rhinella marina) has important implications for understanding an 

invasive species. The results collected can be used to compare to other similar studies and 

observe how the studied population compares to other know results. Although the data 

was collected in Australia, cane toads have been introduced to the United States in the 

southern tip of Florida and the Hawaiian Islands. The more understanding and knowledge 

the scientific community has on invasive species and their behavior, the better chance 

there is of controlling them in the future, or at least being aware of the consequences of 

introducing a non-native species to ecosystems. 
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Introduction 

Rhinella (Bufo) marina is naturally found from southern Texas to central Brazil 

(lug and lug 1979). They are mostly found below 1000 m elevation, and occur in a 

variety of habitats (lug and lug 1979). Although native to Central and South America, 

cane toads are considered one of the worst invasive species among all introduced plants 

and animals. They have been introduced to over 30 countries in a variety of places, 

including islands in the Caribbean and Indian Ocean (Brown el al. 2006, Urban el al. 

2008). In 1935, the toads were brought over to Northern Queensland, Australia and 

released at multiple locations spanning 1,200 km of coast. They were introduced to 

Bryon Bay, New South Wales between 1964 and 1966 to prey on sugar cane insect pests, 

specifically Dermolepida albohirlum (gray-backed cane beetle) and Lepidiola frenchi 

.. 
(Frenchi cane beetle) (Lampo and De Leo 1998, Seabrook 2006). Due to their high 

feeding rates, it was thought that R. marina would reduce the abundance of invertebrates 

in tropical Australia (van Dam el al. 2002). However, R. marina failed to reduce the 

population of the pest beetles and became a potential threat to native anuran species in 

Australia. 

In general, R. marina are most commonly found around human settlements in 

open areas such as grasslands, but are not excluded from the forest. Dispersal ranges of R. 

marina can be influenced by unbroken forests which can act as a barrier to slow their 

movements (lug and lug 1979). According to Duellman and Trueb (1986), temperate 

anuran amphibians like R. marina 'utilize patchy breeding habitat and tend to breed in the 

same ponds every year. Roads may contribute to the invasion by providing open, linear 

corridors that are ideal for long distance movement. In addition, roads may allow the 
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invasive cane toads to invade unoccupied areas more rapidly (Brown et al. 2006). 

According to a study conducted in northeastern New South Wales by Brown et al. 

(2006), a group of 49 radio-tracked cane toads were found to move along roads or fence 

lines by night, and retreated to more dense vegetation such as thick clumps of grass 

during the day. They also were located closer to roads and fences than random locations, 

suggesting they prefer to travel along open corridors . A study by Kearney et al. (2008) 

on cane toads determined they had a hoping speed~from 0.3 km to 2.2 km and dispersal is 

potentially restrained by desiccation, high altitude, and temperature. 

Since its initial invasion, R. marina has expanded its range to more than one 

million km2 of Australia (Phillips and Shine 2004). Initial invasion colonization 

proceeded at a rate of 10-15 km/year and continued to speed up at a rate of 30-50 

km/year (Urban et al. 2008, Phillips et al. 2006). According to Phillips et al. (2006), 

during the wet months cane toads can travel up to 1.8 km a night. Kearney et al. (2008) 

predicted that in areas that had less than a three month breeding season, cane toads would 

travel no more than 65 m per night during the active season. 

In a study conducted on boreal toads (Bufo boreas) in Rocky Mountain National 
) ", 

Park, Colorado, Muths (2003) found that female"'to~d inean distance from the center of 

the breeding pond was 721.46 m, and male mean distance was 218.15 m. Female mean 

distance was 3 times farther than the males, with the longest distance traveled being 

2,324.3 m. Fowler's toads (Anaxyrus[Bufoj fowleri) at Long Point, Ontario, were found 

to move small distances between the water's edge and the foreshore dunes and dispersal 

was confined to east-west movements (Smith and Green 2006). Smith and Green (2006) 
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found there was no bias of sex in their study of aquatic dispersal range of Anaxyrus 

fBufoJ fowleri at Lake Erie, Ontario, Canada. 

It is thought that large females have larger body size in anurans because of an 

increased clutch size in larger frogs (Woolbright 1989). Small male size might also allow 

for a different use of niche, which decreases intraspecific competition (Selander 1966). 

In addition, males might have a smaller body size because territorial defense, aggressive 

behavior, and breeding behavior might require energy that anurans would use for growth 

(Woolbright, 1983). 

Urban et al. (2008) estimated that adults had the potential of reaching 240 mm 

snout-vent length (SVL) and a weight of2.8 kg, but most cane toads do not exceed 140 

mm or 0.7 kg in weight. Males re~ch sexual ~atuihyat a SVL of 85-95 mm and females 

reach sexual maturity at a SVL around 90-100 after around one year (Brown et al. 2006). 

Juveniles have a SVL of 70-85 mm. In a study by Zug and Zug (1979) on R. marina at 

Summit Gardens and Barro Colorado Island in Panama, reproduction occurred in 

temporary or shallow-pond populations in the wet season when the body of water was 

stable. Females deposit eggs in long strings with up to 30,000 eggs in bodies of water 

(Brown et al. 2006). The eggs hatch in 36 hours to four days (Kenny 1969). The larvae 

metamorphose in one to two months and the eggs, tadpoles, and recently metamorphosed 

toads contain the poison bufodienolides which makes them toxic to predators if ingested 

(Brown et al. 2006). According to Duellman and Trueb (1986), temperate anuran 

amphibians like R. marina utilize patchy breedi~g habitat and tend to breed in the same 

ponds every year. According to Kearney et al. (2008), cane toads breed in shallow, large 

water bodies with limited surrounding vegetation. 
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Once past 50 mm SVL, R. marina are recognized by a heavy body, maximum 

width three-fourths of its body length, broad head, bony ridges, distinct tympanum, warty 

skin on the back legs, and distinctly webbed toes with free fingers. Juveniles and females 

have a mottled dorsal pattern and males are uniformly brown and have warts with horny 

spines (Zug and Zug 1979). 

R. marina are opportunistic feeders and will prey on snails, earthworms, ants, 

beetles, small vertebrates, and food set outside for urban pets. They are able to locate 

their prey by hearing and are able to recognize the sounds of their prey (Zug and Zug 

1979). 

In a study in Panama on cane toads, Zug and Zug (1979) found stomach contents 

consisted of the following orders: Diplopoda, Arachnida, Odonata, Orthoptera, Isoptera, 

Dermaptera, Hemiptera, Homoptera, Neuroptera, Coleoptera, Gastropoda, Lepidoptera, 

and Hymenoptera. In a study conducted in Venezuela, 269 stomachs were examined and 

the orders found included Coleoptera, Odonata, Orthoptera, and Hymenoptera. Beetles 

were the largest prey group, followed by ants and Od~nata larvae (Evans and Lampo 

1995). Two female stomachs and one male stomach also contained the eggs of R. marina 

with a dry weight of 0.40 g, and the remains of a small frog or toad was found in one 

stomach. 

Bailey (1976) conducted a study in Papua New Guinea by examining stomach 

contents of 162 cane toads and found the orders Hymenoptera, Mollusca, Lepidoptera, 

Coleoptera, Hemiptera, and Araneae. Further, Bailey (1976) determined R. marina to be 

indiscriminate feeders, and there have been reports of cane toads eating beneficial species 

such as dung beetles in Fiji, New Guinea, and New Britain. 
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Clarke (1974) examined the contents of 108 Bufo woodhouse fowleri in New 

Haven, Connecticut and determined that Hymenoptera and Coleoptera comprised 81 % of 

food items consumed. Other orders included Araneae, Phalangida, Hemiptera, 

Lepidoptera, Isopoda, Diptera, Dermaptera, Orthoptera, Homoptera, and Diplopoda. 

Clarke (1974) also found that taxonomic diversity did not vary with the size of the 

individual. 

On a study of R. marina stomach content in Southern Florida, Krakauer (1968) 

found the orders Coleoptera, Dermaptera, Hymenoptera, Orthoptera, Lepidoptera, 

Hemiptera, Crustacea, and Gastropoda. There was no significant difference between the 

prey item orders, although the most common items were from the order Coleoptera, 

Hymenoptera, and Dermaptera. Further, no dietary differences were found between 

males and females . 

A study by Giaretta et al. (1998) on the leaf dwelling tropical frog 

Proceratophyrys boiei, in the Mantiqueira Range, Brazil found stomach contents with the 

orders Coleoptera, Orthoptera, Araneae, Hemiptera, and Blattaria. Pengilley (1971) 

studied the stomach content of 5 Australia anurans in southeast New South Wales. The 

five species observed were Pseudophryne corroboree, P. dendyi, P. bibroni, Crinia 

signijera, and Hyla verreauxi. Stomach contents of these five species included 

Collembola, Coleoptera, Hymenoptera, Formicidae, Hemiptera, Diptera, Acarina, 

Araneae, Orthoptera, Odonata, and Diplopoda. Ants were found to be the most abundant 

prey item. 

With the exception of tadpoles, R. marina are mostly nocturnal and appear after 

dusk, from around 2000 hrs to 2400 hrs for a few hours one night out of several to feed 

10 



and are found in small burrows or semi burrows during the day. According to Zug and 

Zug (1979), males have a lower activity than females and juveniles, except around the 

breeding season because males grow slower than females and juveniles and feed less 

often. 

According to Shine (2010), cane toad tadpoles form large aggregations and are 

more fecund than Australian frogs. Cane toad tadpoles may be competitive against native 

toad larvae, and large predator populations and native species may be declining due to 

cane toads. However, some taxa impacted by cane toads have recovered in a few decades 

by adaptive changes, and no native species have gone extinct as a result of the invasion 

(Shine 2010). Seabrook (2006) reported fewer observations of Pseudechis parphyriacus 

(Red-bellied Black Snakes), Tiliqua nigralutea (Blue-tongued Lizards), and Li/aria 

caerulea (Green Tree Frogs) since the cane toad invasion. 

There is no evidence to suggest that R marina is territorial, but when they are out 

feeding, they do not clump together and retain normal spacing between individuals. 

However, it is possible there is some type of feeding hierarchy, with the larger toads 

occupying the better feeding sites (Boice and Boice 1970). They have a wide 

temperature tolerance, and juveniles and adults are found at minimum temperatures of 

1 O-12°C and maximum temperatures of 41-42°C. Around 76% of R. marina body weight 

is water. Because most of the water is lost through their skin, they have evolved methods 

to try to reduce water loss and dehydration. This includes hiding in burrows during the 

day to minimize evaporation through the skin from air exposure, a mucopolysaccharide 

layer in the dermis, reabsorption of water from the environment, and interconnecting 

channels to move water along the sides to minimize dehydration (Zug and Zug 1979) . 

. ' I 
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Mortality arises from abiotic and biotic factors, including diseases, starvation, 

parasites, and dehydration. However, because of their toxic skin secretion from the 

parotoid glands and large size, they have very few predators (Zug and Zug 1979). 
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Objectives 

1.) To determine sexual dimorphism of adult males, adult females, and juveniles 

of R. marina by SVL and weight. 

2.) To determine aquatic range dispersal in adult males and adult females of R. 

marina from Lake Ainsworth. 

3.) To determine the stomach contents of adult males, adult females, and 

juveniles of R. marina by prey order and abundance. 

4.) To determine retreat sites, straight line dispersal, and total dispersal from lake 

over 2 nights using spool tracking. 
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Study Area 

The area surrounding Lake Ainsworth Sport and Recreation Centre in Lennox 

Head, New South Wales, Australia was selected to determine range dispersal, sexual 

dimorphism, and stomach contents of R. marina. Lake Ainsworth is located off of Seven 

Mile Beach and is approximately 300 m from the edge of the Pacific Ocean (Figure 1). 

This area is dominated with a coastal heath including flora such as Banksia and wild 

flowers such as Blandfordia nobilis (Christmas bell). Forests include Eucalyptus 

racemosa (scribbty gum), Melaleuca spp. (paperbarks), and Xanthorrhoea (grass trees) 

(Summerland, NS W 2011). The lake is about 500 m from the coastal heath and is 

surrounded by ti-tera tannins which have stained the lake a tea color. Lake Ainsworth is 

also about 1 km away from Newrybar Swamp which contains Gleichenia spp. (ferns) and 

Macrozamia spp. (cycads) (Summerland, NSW 2011). An access road runs from the 

town to the recreation facilities parallel to the lake on the east side. 
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Figure 1. Map of Lennox Head, New South Wales, Australia and the surrounding habitat 

and main roads. 
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Methods 

Weight and length-Individuals were collected by hand near Lake Ainsworth 

between 2000 hrs and 2100 hrs in 20 lIon the following nights: 11, 17, & 26 February; 

08, 10, 14, & 16 March; and 21 April. Sixty seven males and 14 non gravid and 14 

gravid females were sacrificed using AQUI-S under permits held by Dr. David Newell. 

AQUI-S was sprayed and left on the individuals and after 20 min the individuals were 

successfully euthanized. SVL was measured with a flexible measuring tape in cm. Sex 

was confirmed by observation of gonads during dissection and SVL between adult males 

and adult female and gravid verses non gravid female was analyzed by unpaired and 

paired t-tests, respectively. Twenty six males, 9 non gravid, and 14 gravid females 

previously sacrificed were weighed using a scale to the nearest mm by placing the 

individuals in bags and subtracting the weight in grams of the bags. Sex was confirmed 

by observation of the gonads after dissection and results were analyzed using an unpaired 

t-test. To test for significance, a p-value of .05 was used. 

, . " . 

Dispersal Distance-Individuals were hand collected on 10 and 16 March 20 11 

between 2000 hrs and 2100 hrs. Thirteen males and 5 non gravid and 6 gravid females 

were sacrificed, and sex was confirmed by observation of gonads after dissection. 

Dispersal distance (m) was measured by the straight line distance the individuals were 

caught to the edge of Lake Ainsworth with a 200 m measuring tape role. Individuals 

were chosen at random by walking along the edge of the lake and capturing any 

individuals seen. Results were analyzed using an unpaired t-test with a .05 level of 

significance. 
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Diet-Diet was determined by stomach contents of individuals collected on 26 

February; 08, 10, 14, & 16 March; and 21, & 26 April. Twenty six male, 9 non gravid 

females, 14 gravid females, and 13 juveniles were sacrificed and sex was confirmed by 

observation of gonads after dissection. Stomachs were extracted and placed into vials of 

70% ethanol and later examined at Southern Cross University in Lismore, NSW, 

Australia. Stomachs were dissected and number and order of prey items were identified 

using an insect field guide. Results were analyzed using a chi-square test and a Shannon 

diversity index with a p-value of 0.05 was used to test for significance. Order prevalence 

was converted to a percentage using a chi-square test. 

Spool Tracking-Spool tracking was accomplished by attaching a degradable 

thread spool to the hips of 13 captured toads at around 2030 hrs. The end of the thread 

was attached to immovable objects nearby such as trees. The habitat type and distance to 

the lake were recorded after capture. The morning after capture, the thread was followed 

to determine retreat site number 1, which is where the toads retreated to during the day 

when they were not active. The straight line distance to the lake and from the original 

capture site was recorded, as well as the total thread distance from the original capture 

site and the retreat site number 1. The thread was purposefully broken and reattached to 

an immovable object near the retreat site. The same procedure was followed the next 

morning to determine retreat site number 2. The same data were recorded for retreat site 

number 2 as for retreat site number 1, as well as the straight line distance from retreat site 

1 to retreat site 2. Maps were also drawn to visualize the movement patterns. Not 

enough data were collected for analyses because not all threads wete recovered (some 

toads were lost in the water or the thread broke during movement). Therefore, these data 
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were not analyzed and will not be presented in the rest of the thesis under the result or 

discussion sections. 
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Results 

Weight and Length-A significant difference was found between the SVL of 

males with small testes and males with developed testes (Table I, p = 0.007). There was 

a suggested difference between the SVL of developed adult males and gravid females 

(Table 1, p = 0.058) but more data are needed. There was no significant difference 

between the SVL of developed males and gravid and non-gravid females (Table I, p = 

0.673). A significant difference was found between the SVL of gravid and non-gravid 

females (Table I, p = 0.039). 

A significant difference was found between the weight of males and gravid 

females (Table 1, p = 0.0 II). No significant difference was found between the weight of 

males and gravid and non-gravid females (Table I, p = 0.506). 

Dispersal Distance-No significant difference was found between dispersal 

distance of males and gravid and non-gravid females (Table 2, p = 0.188). Also, there 

was no significant difference between the dispersal distances of gravid females and non

gravid females (Table 2, p = 0.385). 

Diet-There was a significant difference in stomach contents between adults and 

juveniles (Table 3, p = 0.046). There was no significant difference between male and 

gravid and non-gravid female stomach contents for arthropod orders (Table 3, p = 0.755), 

or gravid and non-gravid stomach contents (Table 3, p = 0.858). 

There was a significant difference between male and gravid and non-gravid 

females in the number of orders that were consumed (p < 0.001; Figures 2 & 3). There 

was a suggested difference between gravid female and non-gravid female in the number 

of orders that were consumed (Table 3, p = 0.082; Figures 4 & 5). There was a 
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significant difference between adults and juvenile in the number of orders that were 

consumed (p = 0.003; Table 3, Figure 6). There was a significant difference between 

I 

gravid and non-gravid females and juvenile in the number of orders consumed (p < 

0.001; Table 3, Figures 4,5 & 6). There was no significant difference between male and 

juvenile in the number of orders consumed (Table 3, p = 0.919; Figures 2 & 6). 
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Pie Chart of Adult Male 

Category 

CJ Arachnida 

o Coleoptera 

Hymenoptera 

I N= 13 

Figure 2. Pie chart of Adult male cane toad stomach content with insect order categories. 
Samples were taken surrounding Lake Ainsworth in Lennox Head, New South Wales, 
Australia. Percentages represent the proportion of insect orders compared with the total 
amount found . 
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PieChcirt of Adult Female All 

40.6% 

6.3%. 

Category 
EJ Blattodea 

o Coleoptera 
Dermaptera 

D Diptera 
• Hemiptera 

EJ Hymenoptera o lsoptera 

. Odonata 
Orthoptera 

I N= 16 

Figure 3. Pie chart of gravid and non-gravid cane toad stomach content with insect order 
categories. Samples were taken surrounding Lake Ainsworth in Lennox Head, New 
South Wales, Australia. Percentages represent the proportion of insect orders compared 
with the total amount found . 
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Pie Chart of Adult Female Gravid 

38.1% 

9.5% 

Category 
WI Blattodea 

o Coleoptera 
Dermaptera 

D Diptera 
• Hemiptera 

o Hymenoptera o Odonata 
• Ortiloptera 

IN= 10 

Figure 4. Pie chart of gravid female cane toad stomach content with categories of insect 
orders. Samples were taken surrounding Lake Ainsworth in Lennox Head, New South 
Wales, Australia. Percentages represent the proportion of insect orders compared with 
the total amount found. 
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Pie Chart of Adult Fem;lleNongravid) 

27.3% 

Category 
Blattodea 

o Coleoptera 

Diptera 

o Hy menoptera 
• lsoptera 

Figure 5. Pie chart of non-gravid female cane toad stomach content with categories of 
insect orders. Samples were taken surrounding Lake Ainsworth in Lennox Head, New 
South Wales, Australia. Percentages represent the proportion of insect orders compared 
with the total amount found . 
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Pie Chart of lV 

30.0% 

Category 
~ Arachnida 

o Coleoptera 
Hymenoptera 

Figure 6. Pie chart of Juvenile cane toad stomach content with categories of insect 
orders. Samples were taken surrounding Lake Ainsworth in Lennox Head, New South 
Wales, Australia. Percentages represent the proportion of insect orders compared with 
the total amount found . 
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Table I.Unpaired t-test analysis of SVL (mm) and Weight (g) of R. marina and group 
comparison among males, gravid females, and non-gravid females. Samples were taken 
surrounding Lake Ainsworth in LelU10x Head, New South Wales, Australia. 
Grou~ Com~arison n df i±SD t-value ~-value 

Male (small testes) SVL versus S 4 80.00 ± 9.3S -S.03 0.007 
Male (developed) SVL 67 102.1 ± 11.3 

Female (gravid) SVL versus 14 111.4 ± 16.1 2.30 0.039 
Female (Not gravid) SVL 14 9S.7±12.1 

Male (developed) SVL versus 67 IS 102.1 ± 11.3 -2.0S 0.058 
Female (gravid) SVL 14 111.4±16.1 

Male (developed) SVL versus 67 38 102.1 ± 11.3 -0.43 0.673 
Females SVL all 28 103.6 ± 16.1 

Male Weight versus 90.9 ± 31.3 
Female non gravid Weight 26 13 82.1 ± 34.0 0.68 0.S06 

9 
Male Weight versus 90.9 ± 31.3 
Female gravid Weight 26 16 14S.6±66.7 -2.90 0.011 

14 
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Table 2. Unpaired t-test analysis of Dispersal Distance (m) of R. marina group 
comparison among males, gravid females, and non-gravid females . Samples were taken 
surrounding Lake Ainsworth in Lennox Head, New South Wales, Australia. 
Group n df x ± SD t-value p-value 
Comparison 
Male 
All Female 

13 
11 

Female nongravid 5 
Female gravid 6 

17 

8 

24.8 ± 34.9 
49.1 ± 48.9 

64.0 48.6 
36.6 49.9 

-1.37 0.188 

0.92 0.385 
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Table 3.Shannon-Weaver diversity index of stomach content of R. marina group 
comparison among males, gravid females, non-gravid females, and juveniles (JV). 
Samples were taken surrounding Lake Ainsworth in Lennox Head, New South Wales, 
Australia. 
Community 
Comparison 
Male versus all 
Female 

SE of Differ 
0.22 

Male versus N 0.23 

Female versus N O. 24 

Female gravid 0.47 
versus Female non-
gravid 

All adults versus JV 0.76 

Male versus All -0.94 
Female 

df 
45 

22 

26 

24 

28 

45 

t-test p-value 
4.32 <0.001 

0.10 0.919 

3.87 <0.001 

1.81 0.082 

3.20 0.003 

4.32 <0.001 
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Discussion 

Size and Weight-The difference between SVL of males with small testes and 

males with developed testes is likely correlated with age. Males that had small testes had 

a shorter SVL, and therefore probably were just reaching adulthood. There was no 

difference found between SVL of adult males and adult females. However, Brown et al. 

(2006) suggested there was a slight difference between male and female B. marina SVL, 

with a rage of males from 85-95 mm and females 90-100 mm. The difference in SVL of 

gravid females compared to non-gravid females and males could be because gravid 

females need a larger body size to hold clutches of eggs. Other than gravid females, the 

SVL cannot be used as a reliable tool to sex cane toads because of the size overlap. 

However, SVL might be useful to get a rough idea of the sex, especially if the weights 

are extreme, with the exception of small juveniles. 

Because there was no difference between adult male and adult female weight, 

weight cannot be used as an indicator of sex either. Weights of gravid females were 

different than males and non-gravid females probably because of the amount and weight 

of egg clutches carried. 

Urban et al (2008) stated that cane toads had a SVL potential for reaching 240 

mm. In the study conducted, there were no individuals of either sex that reached over 200 

mm in SVL. Brown et al. (2006) estimated juvenile SVL to be between 70-85 mm, and 

the study conducted had a range of juvenile SVL of 45-80 mm. 

According to a study by Zug and Zug (1979), female cane toads mature at a SVL 

of 70-80 mm from Papua New Guinea, and female toads from Panama mature at 90-100 

mm and average female SVL is from 95-160 mm. In the current study, females had a 
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SVL range of 75-135 mm. Zug and Zug (1979) stated that males have a SVL range of 

90-130 mm, and the current study found males had a SVL range of 70-125 mm. 

Urban et al. (2008) stated that most cane toads can exceed 0.7 kg in weight, and 

rarely exceed 2.8 kg. In the study conducted, there was one gravid female that exceeded 

300 g, and all but three gravid females weighed over 100 grams. Males weighed ranged 

from 32-158 g, and females ranged from 40-300 g. 

Dispersal Distance-Cane toads were shown to have no difference between adult 

male and adult female dispersal distance, and there was no difference between dispersal 

distance between gravid females and non-gravid females. It was predicted males cane 

toads would have a longer dispersal distance than females in order to seek out mates. 

Female boreal toads were found to travel distances three times greater from the edge of 

breeding ponds than males (Muths 2003). However, there was no difference in sex on 

dispersal range for Fowler's toads (Smith and Green 2006). Philips et al. (2006) found 

that females had higher average daily rates of movements than males. 

The average dispersal distance for males and females was 35.9 m, and the farthest 

dispersal distance observed was 101 m and the smallest was I m. Kearney et al. (2008) 

predicted that cane toads would travel no more than 65 m per night and Phillips et al. 

(2006), stated that cane toads can travel up to 1.8 Ian a night during wet months. In a 

study conducted on boreal toads (Bufo boreas) in Rocky Mountain National Park, 

Colorado, Muths (2003) found that female toad me~mdistance from the center of the 

breeding pond was 721.46 m, and male mean distance was 218.15 m. Toads from the 

current study could have dispersed farther than what was observed, but toads more than 

150 m away were not collected or measured. 
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Diet- Cane toads had similar stomach contents compared to other published 

studies. The current study showed stomach contents with the orders Coleoptera, 

Hymenoptera, Arachnida, Diptera, Blattodea, Isoptera, Hemiptera, Orthoptera, Odonata, 

and Derrnaptera. In a study in Panama on cane toads, Zug and Zug (1979) found stomach 

contents consisted of the following orders: Diplopoda, Arachnida, Odonata, Orthoptera, 

Isoptera, Derrnaptera, Hemiptera, Homoptera, Neuroptera, Coleoptera, Gastropoda, 

Lepidoptera, and Hymenoptera. In a study conducted in Venezuela, orders found in 

stomachs included: Coleoptera, Odonata, Orthoptera, and Hymenoptera. Beetles were 

the largest prey group followed by ants and Odonata larvae (Evans and Lampo 1995). 

Bailey (1976) conducted a study in Papua New Guinea which examined stomach 

contents and found the orders Hymenoptera, Mollusca, Lepidoptera, Coleoptera, 

Hemiptera, and Araneae. On a study of R. marina stomach contents in Southern Florida, 

Krakauer (1968) found the orders Coleoptera, Derrnaptera, Hymenoptera, Orthoptera, 

Lepidoptera, Hemiptera, Crustacea, and Gastropoda. Pengilley (1971) studied the 

stomach content of the following 5 Australia anurans in southeast New South Wales: 

Pseudophryne corroboree, P. dendyi, P. bibroni, Crinias ignifera, and Hyla verreauxi. 

Stomach contents of these five species included Collembola, Coleoptera, Hymenoptera, 

Formicidae, Hemiptera, Diptera, Acarina, Araneae, Orthoptera, Odonata, and Diplopoda. 

There was no difference between males and females in the number of arthropod 

orders that were consumed, which is consistent with Krakauer's (1968) study of B. 

marina stomach content in Southern Florida. Although there was no significant 

difference, it appeared Coleoptera and Hymenoptera were the most common food items, 

which is also consistent with Krakauer (1968). The abundance of Coleoptera and 
, , 
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Hymenoptera in the diet could be attributed to availability, or nutrition content. Bailey 

(1976) determined R. marina to be indiscriminate and unselective feeders. Because they 

are unselective feeders, R. marina may ingest more Coleoptera and Hymenoptera because 

that is the most easily accessible or available food source. 

Competition with native Australian anuran species such as P. corroboree, P. 

dendyi, P. bibroni, Crinias ignifera, and Hyla verreauxi may occur. According to a study 

by Pengilley (1971), P. corroboree, P. dendyi, P. bibroni, Crinia signifera, and Hyla 

verreauxi had stomach contents that included Collembola, Coleoptera, Hymenoptera, 

Formicidae, Hemiptera, Diptera, Acarina, Araneae, Orthoptera, Odonata, and Diplopoda. 

Cane toad stomach contents also included Coleoptera, Hymenoptera, Arachnida, Diptera, 

Hemiptera, Orthoptera, Odonata, along with Blattodea, Isoptera, and Dermaptera, and 

also had a high prevalence of ants in their diet. Because similar stomach content was 

observed, cane toads are consuming the same resources as native species. 

The differences observed between adult and juvenile in the number of arthropod 

orders consumed could be explained because of the difference in mouth size. Juveniles 

have smaller mouths than adults, and may only be able to consume a specific type of 

prey, and adults are able to have more variety in their prey items. The differences 

observed between male and gravid and non-gravid female in the amount of arthropod 

orders could be because females are less specialized or are found in a wider variety of 

habitat types, and prey on different orders than males. 
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Conservation: 

The results from my study suggest R. marina may compete with native species in 

New South Wales, Australia and potentially other areas where they are found such as 

Florida. Reduction of cane toad populations by preda'tion or disease may help decrease 

the threat of competition with native species. However, Krakauer (1968) stated that in 

south Florida, R. marina predation does not appear to limit growth. 

According to Evans and Lampo (1995), the success of R. marina can be attributed 

to a generalist diet and its ability to utilize urban areas. Because it is a nonspecific 

feeder, it is difficult to control the population by limiting a certain food source. 

The Government of Western Australia (2009) set goals in order to minimize the 

impact of cane toads and potential conservation techniques such as creating a biodiversity 

asset to identify species most at risk and creating management options for those species. 

Establishing an acoustic tower network to monitor long term trends of populations may 

also be helpful in addition to using detector dogs to located populations and euthanize 

them (The Government of Western Australia 2009). Long term control options include 

developments in genetic and immunological controls, research on the parasitic 

lungworms on cane toad survival, and application of low toxicity bait (The Government 

of Western Australia). 
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