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Short Notes

Sexual dimorphism in the cane
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A study was conducted to determine whether simple
morphological characteristics could be used to rapidly
determine the sex of cane toads. We found that four
characteristics reliably allowed rapid assessment of
sex: skin texture on the dorsal surface, skin colour on
the dorsal surface, the presence of a creamy-coloured
stripe along the dorsal margin and the presence of vocal
sac openings. These criteria were tested by an
assessment of use by both experienced and novice
operators and were shown to be reliable for sexing cane
toads that were large enough to assess morphological
characteristics reliably  (individuals with a snout–vent
length exceeding 50 mm). Of the four techniques, the
presence of vocal sac openings proved to be the most
reliable. Such techniques may be used for a number of
purposes, and are particularly useful during
conservation projects that attempt to eradicate or
reduce the effects of this invasive alien species on local
ecosystems.
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The Fiji Islands (18°00'S, 175°00'E) have been identified
as a “hotspot” in the Pacific region because of their

high biological diversity and rates of endemism (Ryan,
2000). However, a number of invasive alien species, in-
cluding the cane toad Bufo marinus (also named Chaunus
marinus; Frost et al., 2006; Smith & Chiszar, 2006), are
considered to be a major threat to this unique native
fauna. The cane toad is a prolific breeder and since its in-
tentional introduction in 1936 (in an unsuccessful attempt
to control insect pests in cane fields) it has become a ma-
jor pest and is thought to compete with endemics such as
the Fiji ground frog (Platymantis vitianus). Attempts to
eradicate cane toads are now being made in order to pro-
tect such unique species (Morley et al., 2004). Eradication
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plans propose various methods such as the use of chemi-
cals, traps and drift-net fences to remove individuals from
a selected site. As part of this labour-intensive process it
is essential that appropriate census data are available
with respect to the numbers of males, non-gravid and
gravid females to provide information on the success of
the operation. Further, cane toad eradication protocols
also include a focus on the removal of gravid females and
adult males to initiate a rapid population decline.  The
presence of even a few gravid females after eradication
attempts will result in failure due to their reproductive ca-
pacity (Cameron, 2002).

This study was done to develop rapid sexing criteria
for use in cane toad eradication projects within the Fiji Is-
lands but has general applicability. In view of the common
use of cane toads as a model amphibian species for the
elucidation of various biological concepts, and to help
develop ecologically sustainable and effective eradica-
tion projects for the species, we felt the need to develop a
rapid sexing technique to help the inexperienced in the
collection of cane toads during field sampling. Zug & Zug
(1979) demonstrated that visual characteristics, primarily
skin pattern and coloration, could be used to sex cane
toads. Similarly, Lee (2001) demonstrated strong sexual
dimorphism in the musculoskeletal system of the fore-
limbs (from a single breeding congregation). However, no
quantitative assessments of the reliability of these meth-
ods were done in either study. The present study
quantitatively assesses methods for rapidly sexing cane
toads.

Field work for our study was undertaken in March and
April 2006 at a breeding pond on the University of the
South Pacific (USP) campus, Suva. During the field study
both juvenile and adult cane toads were found in situ, in-
dicating that breeding was occurring.

The sampling of cane toads was done in two phases.
During phase one, ten cane toads sufficiently large to re-
liably assess morphological characteristics, with a
snout–vent length exceeding 50 mm (Zug & Zug, 1979),
were collected from the edge of the breeding pond at dusk
following the method of Lauron et al. (2003). The follow-
ing morphological measurements were then recorded:
body weight, g; snout–vent length, mm; skin texture on
the dorsal surface; skin texture on the ventral surface;
creamy stripe along dorsal margin; skin coloration on the
dorsal surface; skin coloration on the ventral surface; tex-
ture and coloration of thumb pads; robustness of
musculoskeletal system of the forelimbs; abdominal
spreading; presence of vocal sac openings. To defini-
tively confirm the sex, dissection of each individual was
done. Dissection was carried out humanely under labora-
tory conditions using a double-pithing technique
adopted from Costanzo et al. (1998). Three individuals
were male and seven female. A subjective assessment of
the recorded characteristics was then done.

The results here contradicted Lee (2001) since neither
the thumb pad character nor visual assessment of the ro-
bustness of the musculoskeletal system of the forelimbs



64

was able to separate the sexes of the cane toads that we
studied. It was evident that coloration of thumb pads, ab-
dominal spreading and ventral surface characters did not
provide useful measurements as no distinction could be
made between male and female individuals; hence these
characters were discarded and four morphological fea-
tures retained: skin texture on the dorsal surface, STDS;
skin colour on the dorsal surface, SCDS; vocal sac open-
ings, VS; and presence of creamy stripe on dorsal margin,
CS. Clearly defined criteria were formulated for these char-
acteristics, gained from experience during this phase of
the study (Table 1).

During phase two of the study, these four characteris-
tics were used to sex individuals. First, 50 individuals
collected from the same breeding pond were sexed by two
“expert” individuals who conducted this study. This was
done by evaluating the sex of each individual by the four
methods followed by definitive sexing by dissection. The
accuracy of each of the four methods compared to the
actual sex was assessed using Kappa analysis (Chuang,
2001), which provides a measure of the degree to which

two judges using different techniques  (i.e. a rapid method
versus definitive sexing by dissection) concur in their re-
spective sortings of individuals into two mutually
exclusive categories. Hence, the reliability of STDS,
SCDS, VS and CS were assessed by calculating a K value
(which varies from 0 to 1, 1 being perfect correspondence)
and described using the agreement chart adopted by
Landis & Koch (1977).

Each of the four morphological characteristics was
useful for sexing purposes (Table 2). However, STDS,
SCDS and CS were not as accurate as VS. Since VS
showed perfect correspondence to sexing by dissection,
it may be considered to be the most useful characteristic,
although it was slightly more time consuming than the
other methods tested.

Second, in order to test the suitability of these meth-
ods for field sampling, the techniques were tested by
“novice” surveyors. In this case, another sample (n=30)
was assessed, drawn from the cane toad population of
Viwa Island (a 60 ha island off the east coast of the main
island of Viti Levu). Sexing was done by local field work-

Table 1. Table 1. Table 1. Table 1. Table 1. The characteristic morphological features of skin texture on dorsal surface (STDS), skin coloration on
dorsal surface (SCDS), vocal sac (VS) and creamy stripe on dorsal margin (CS) used in the rapid sexing criteria for
cane toads.

Morphological
feature Male Female

STDS An evenly distributed pattern of small Presence of larger and unevenly distributed warts
round warts. on dorsal surface and two rows of evenly sized

round warts present along the dorsal margin.

SCDS Yellowish-green dorsal surface with Distinctive patches of brown mottled patterns with
brown warts. a dark green coloration.

CS No creamy stripe observed along the Distinctive creamy stripe along the dorsal margin
dorsal margin. from head to vent region.

VS Pair of vocal sac openings present No vocal sac present.
on both sides of the floor of the buccal
cavity of males. Calling may also be
heard during handling. To locate a
vocal sac opening, gently open the
buccal cavity (mouth) of the cane toad
wide and lift the tongue outward using
a sterilized forcep. A vocal sac opening
is a thin cut of the inner membrane on
the floor of the lower jaw, at the junction
of the upper jaw and the lower jaw.

Table 2.Table 2.Table 2.Table 2.Table 2. Number of cane toads identified as male or female by the four morphological features (STDS, SCDS, VS and
CS) and corresponding Kappa statistics. Sexing by dissection recorded 15 males and 35 females.

No. of No. of No. of No. of
individuals individuals individuals individuals Kappa
correctly correctly incorrectly incorrectly value Strength of

Character sexed as male sexed as female sexed as male sexed as female (K) agreement

STDS 12 35 0 3 0.8 Substantial
SCDS 12 35 0 3 0.8 Substantial
CS 12 35 0 3 0.8 Substantial
VS 15 35 0 0 1.0 Perfect
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ers from the Viwa village community, who were trained
immediately prior to the experiment. In this case, all four
methods achieved 100% accuracy. Hence, the techniques
appear to be robust and applicable to sub-populations
within the Fiji Islands.

In conclusion, this study demonstrates that morpho-
logical characteristics may be used to rapidly sex cane
toads.  Whilst the vocal sac opening criterion was the
most reliable, it is also more time consuming than the
other three methods. Hence, the combined use of SCDS,
STDS and CS may also be used to aid in the sexing proc-
ess, which would have the benefit of rapidity.

Acknowledgements. Special thanks to L. Winder for use-
ful comments on this manuscript. The authors would like
to thank the community of Viwa Island for assistance with
this study.

REFERENCESREFERENCESREFERENCESREFERENCESREFERENCES
Cameron, E. (2002). Fact Sheet. Cane Toads, Giant Toads or

Marine Toads. Sydney: Australian Museum of Natural
History, online document: http://www.amonline.net.au/
factsheets/canetoad.htm

Chuang, J.H. (2001). Agreement between Categorical
Measurements: Kappa Statistics. Online document:
http://www.dmi.columbia.edu/homepages/chuangj/
kappa/

Costanzo, J.P., Mugnano, J.A., Wehrheim, H.M. & Lee,
R.E. Jr. (1998). Osmotic and freezing tolerance in
spermatozoa of freeze-tolerant and intolerant frogs.
American Journal of Physiology – Regulatory,
Integrative and Comparative Physiology 275, R713–
R719.

Frost, D.R., Grant, T., Faivovich, J., Bain, R.H., Haas, A.,
Haddad, C.F.B., de Sa, R.O., Channing, A., Wilkinson,
M., Donnellan, S.C., Raxworthy, C.J., Campbell, J.A.,

Blotto, B.L., Moler, P., Drewes, R.C., Nussbaum, R.A.,
Lynch, J.D., Green, D.M. & Wheeler, W.C. (2006). The
amphibian tree of life. Bulletin of the American Museum
of Natural History 297, 1–370.

Landis, J.R. & Koch, G.G. (1977). The measurement of
observer agreement for categorical data. Biometrics 133,
59–74.

Lauron, Alilie, P. & Sena, C. (2003). Sexual dimorphism in
marine toads (Bufo marinus Linn.) of Maasin City,
Southern Leyte, and Tandag, Surigao Del Sur. Third
Annual Scientific Convention of the Philippine Society
for the Study of Nature,  abstract. Online document:
h t tp : / /pssn .bahaykuboresearch.net /03/abs t rac ts /
00078.htm.

Lee, J.C. (2001). Evolution of secondary sexual dimorphism
in the toad, Bufo marinus. Copeia 2001, 928–935.

Morley, C.G., Ambrose, M. & Hero, J-M. (2004).
Eradicating Cane Toads (Bufo marinus) and Pacific Rats
(Rattus exulans) from Viwa Island, Fiji. Feasibility study
for the Invasive Species Specialist Group, IUCN.
Unpublished report. Suva: University of the South
Pacific.

Ryan, P. (2000). Fiji’s Natural Heritage, 2nd edn. Auckland:
Exisle Publishing Ltd.

Smith, H.M. & Chiszar, D. (2006). Dilemma of name-
recognition: why and when to use new combinations of
scientific names. Herpetological Conservation and
Biology 1, 6–8.

Zug, G.R. & Zug, P.B. (1979). The marine toad, Bufo
marinus: a natural history resumé of native populations.
Smithsonian Contributions to Zoology 284, 1–58.

Accepted: 10 April 2008

Sexing cane toadsSexing cane toadsSexing cane toadsSexing cane toadsSexing cane toads


