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Assessing the potential impact of invasive cane toads
on a commercial freshwater fishery in tropical Australia
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Abstract
Context. The toxins produced by cane toads (Rhinella marina) are fatal to many Australian predators that ingest these

invasive anurans. To date, the potential economic impact of the cane toad invasion has attracted little attention. Toads have
recently arrived at a large impoundment (LakeArgyle) in north-easternWesternAustralia, that supports a commercialfishery
for silver cobbler (shovel-nosed catfish, Arius midgleyi), raising concern that the toads may inflict significant economic
damage by killing fish.

Aims.Our research aimed to clarify the vulnerability of silver cobblers to the eggs and larvae of cane toads by determining
(a)whether catfish are adversely affected if they preyon toad eggs or tadpoles, and (b)whether surviving catfish learn to avoid
cane toad eggs and tadpoles in subsequent encounters.

Methods.Weconducted laboratory feeding trials to examine feeding responses of catfish to cane toad eggs and tadpoles in
early and late developmental stages. Fish that survived exposure to toad eggs and/or tadpoles were re-tested with potential
prey of the same sizes and developmental stages four days later.

Key results. Our laboratory trials confirmed that some catfish eat toad eggs and die; but most catfish avoided the eggs.
Catfish readily consumed toad tadpoles at both early and late developmental stages, but without experiencing mortality; and
soon learned not to consume this toxic new prey type.

Conclusions and implications.Despite potential frequent episodes ofmortality of small numbers of catfishduring thewet
season, the overall impacts of cane toads on the Lake Argyle fishery likely will be minimal.

Additional keywords: Arius midgleyi, Kimberley, Lake Argyle, Rhinella marina, silver cobbler.

Introduction

Invasive (alien) species that establish in natural or semi-natural
ecosystems can threaten native biodiversity (IUCN-The World
Conservation Union 2000; McNeely et al. 2001). In addition to
posing a problem for species conservation, alien species can
also inflict major economic damage on agriculture, forestry,
stockbreeding, fisheries, road and water transportation, storage,
water conservancy and human health (e.g. Xu and Ding 2003;
Gutrich et al. 2007; Engeman et al. 2010). Invasive species can
reduce the viability of native taxa via a variety of mechanisms,
including competition, predation, habitat modification and
pathogen transfer (Parker et al. 1999; Mack et al. 2000;
Snyder and Evans 2006; White et al. 2006). One of the most
direct and potentially damaging situations involves the arrival of
an alien species that is highly toxic to native species, and is lethal
if ingested. For example, some invasive plant species cause
substantial mortality of livestock (e.g. Stiles 1942; DiTomaso
2000), and some invasive animals kill native predators that
attempt to ingest them (e.g. Shine 2010).

The most intensively studied example of a toxic animal
invader involves the spread of the cane toad (Rhinella marina)
through tropical Australia (see review by Shine 2010). Native to
South and Central America and Mexico, the cane toad has been

introduced to more than 40 countries worldwide in misguided
attempts at biological control (Lever 2001). The bufadienalide
chemical defences of cane toads differ from the defensive
chemicals produced by native Australian anurans, and many
predators that attempt to consume cane toads die as a result
(Lever 2001;Hayes et al. 2009). Cane toads have been implicated
in rapid and sometimes massive population declines in a range
of native predators, including snakes (Acanthophis praelongus;
Phillips et al. 2010), lizards (Tiliqua scincoides intermedia;
Price-Rees et al. 2010; Varanus mertensi, V. mitchelli and
V. panoptes; Doody et al. 2009), crocodiles (Crocodylus
johnstoni; Letnic et al. 2008) and mammals (Dasyurus
hallucatus; O’Donnell et al. 2010). In other cases, even high
rates of mortality of individual predators appear not to have
translated into population-level impacts, especially in the case
of predator species capable of learning aversion (Shine 2010;
Brown et al. 2011).

Although most scientific attention has been paid to the impact
of cane toads on terrestrial predators, the aquatic stages of the toad
life-history (eggs and larvae) also possess potent bufadienalide
toxins, and can cause substantial mortality of aquatic organisms
(Crossland and Alford 1998; Crossland et al. 2008; Hayes et al.
2009; Greenlees and Shine 2011). Themagnitude of impact from
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invasive cane toads will depend on a species’ physiological
resistance to bufadienalides, and whether or not the predators
are able to detect the unpalatable nature of this novel prey type,
and learn to avoid it in subsequent encounters (Crossland 2001;
Nelson et al. 2011).

To date, the potential economic impact of the cane toad
invasion has attracted little attention. However, in early 2009
the toads arrived on the eastern shores of Lake Argyle in the east
Kimberley region of Western Australia, an area that is the site of
Western Australia’s only commercial freshwater fishery. This
man-made lake was completed in 1972 by the damming of the
Ord River. The fishery of Lake Argyle and the adjacent upper
Ord River targets the shovel-nosed catfish or silver cobbler
(Arius midgleyi, Ariidae) (Fletcher and Santoro 2008). Six
commercial licence-holders take an average of 130 tons of this
large (<1.4m long,>10 kg) bottom-feedingfish species each year
(Penn et al. 2005; Fletcher and Santoro 2008; Clark et al. 2009).
However, catch rates are highly variable, and there are significant
knowledge gaps relating to the target species’ growth rates,
longevity and mortality (Fletcher and Santoro 2008).

Since cane toads arrived at Lake Argyle in 2009, dead catfish
(A. midgleyi, A. graeffei) have been found in the eastern part of
the lake by us (R. Somaweera, pers. obs.) and by community
groups (Kimberley Toad Busters, pers. comm.; Stop The Toad
Foundation, pers. comm.). Plausibly, mortality may have been
due to ingestion of toxic eggs or larvae of cane toads, because it
has occurred at the sites where cane toads are known to have
bred. The possibility of a major reduction in fish stocks due to
toad poisoning has prompted concern from the local fishing
community, and stimulated the present study. To clarify the
vulnerability of silver cobblers to the eggs and larvae of cane
toads, we conducted laboratory experiments to determine (a)
whether catfish are adversely affected if they prey on toad eggs or
tadpoles, and (b) whether surviving catfish learn to avoid cane
toad eggs and tadpoles in subsequent encounters.

Materials and methods
Animal collection and husbandry

We collected 75 shovel-nosed catfish (mean total length�
s.e. = 156.4� 1.4mm, range 127.0–211.7 mm; mean weight�
s.e. = 39.23� 0.66 g, range = 26–72 g) from the north-western
part of Lake Argyle. This area has not yet been invaded
by cane toads (based on our surveys), so we can establish
responses to cane toad eggs and tadpoles before any
opportunity for adaptive shifts (e.g. Phillips and Shine 2004,
2006) or aversion learning (e.g. Webb et al. 2008; Nelson et al.
2011). The fish were individually housed in aerated 70 L plastic
bins (65� 42� 39 cm) filled with 50L of untreated water from
the lake, and acclimatised in captivity for five days, during
which time they were fed daily with commercial fish food
(catfish pellets, JMC, Derbyshire, UK).

We obtained cane toad eggs and tadpoles by inducing
adult toads (collected from the Lake Argyle shores) to breed
via subcutaneous injection of 0.25mgmL–1 of leuprorelin
acetate (Abbot Australia, Botany, NSW). Tadpoles were
maintained in 70L plastic bins filled with 50 L of lake water,
and were fed on frozen lettuce ad libitum. All acclimation and

experimental procedures were conducted in an outdoor shaded
laboratory area (24�26�C water temperature).

Feeding experiments

After the catfish had spentfive days in captivity, we exposed them
to either 20 cane toad eggs, 2 early–mid stage cane toad tadpoles
(Gosner 1960; developmental stages 25–36) or 2 late stage cane
toad tadpoles (Gosner 1960; developmental stages 40–41). Toxin
content is highest in the eggs, and lowest in the late stage tadpoles
(Hayes et al. 2009) and these three aquatic stages thus represent a
gradient of risk to aquatic predators.We used different fish to test
responses to each developmental stage.

We conducted the experiments in the same 70 L plastic bins in
which the fishwere held. The bins were coveredwithmesh lids to
exclude other predators (e.g. aquatic insects). Food was withheld
from the fish for 24 h before the experiments began. Each fish
was measured for total length, gape width and weight before the
trials. After measuring the snout–vent length (for tadpoles) and
determining stage of development (Gosner 1960), we introduced
eggs or tadpoles to the bins at 1800 hours. For each experiment,
20 fish were exposed to toad eggs or tadpoles; 15 fish were used
as controls. All controls received two pellets each of the usual
commercial fish pellets they were fed before the trials.

After 14 h, we scored the eggs and tadpoles as untouched
(eggs still attached as a string; tadpoles alive and unharmed),
attacked (eggs separated from thegelatinous strand; tadpolesdead
or damaged) or consumed (eggs or tadpolesmissing); andwe also
scored the condition of the fish (dead or alive). At the completion
of each experiment the uneaten eggs and tadpoles were removed
and the fish was offered 10 food pellets to determine whether it
was still prepared to feed. Fish that survived exposure to toad eggs
and/or tadpoles were re-tested with potential prey of the same
sizes and developmental stages four days later (i.e. 20 eggs or
2 tadpoles), to clarify whether or not individuals that attacked or
consumed toads in the first trial avoided eggs and/or tadpoles on
subsequent encounters.

The experiments described above involve potentially lethal
effects, and for ethical reasons many authors have criticised this
approach, advocating instead an assessment of sublethal impact.
In cases where we need to assess the impacts of specific toxin
levels for purposes of regulation and environmentalmanagement,
it would indeed be preferable to use non-lethal assays. However,
in the present case, the central question involves themagnitude of
threat posed by an invasive organism, whose toxicity we cannot
regulate. Thus, the issue is whether or not the invasion of
toads is likely to have an ecological impact on the fish, not the
exact level of toxin required for specific degrees of functional
impairment.

This work was conducted under the approval of the Animal
Ethics Research Committee of the University of Sydney
(Approval No. L04/11–2010/3/5448) and permits from
Department of Environment and Conservation of WA (Permit
No. SF007728), Department of Fisheries of WA (Exception
No. 1823) and Department of Agriculture and Food of WA
(Permit No. 505).

Statistical analyses

We compared mortality rates of fish between control and toad-
exposure treatments using Fisher’s exact tests; when mortality
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occurred, we used logistic regression (Pearson c2) to examine
the relationship between ingestion of toad stages and predator
mortality. When fish consumed eggs or tadpoles during the
first exposure and survived, we compared feeding responses
between the first and second exposures using McNemar’s
tests; this analysis allows for the same fish being used in the
initial and subsequent exposure to toads.

Results

Predation levels and toxicity

No fish in the control groups died during the trial period.
Similarly, no fish died after consuming toad tadpoles: 17 fish
ate 1–3early–midstage tadpoles (stages25–36), and all 20fish ate
1–3 late stage tadpoles (stages 40 and 41) without mortality or
any overt effects on behaviour after 14 h. In contrast, ingestion of
toad eggs proved fatal: the only two (out of 20) fish that ate toad
eggs, both died in<14 h (Fig. 1). The lowoverall predation rate on
eggsmeant that survival rates did not differ significantly between
the experimental and control fish (Fisher’s exact test, P = 0.50),
but ingestion of toad eggs was clearly linked to mortality of the
predator (Pearsonc2 = 20.0,P< 0.001). Allfish ate food pellets at
the completion of the experiments, showing that any reluctance
to consume toads was a specific response rather than a general
reluctance to feed.

Learned avoidance

Because the only two fish that ate toad eggs died soon afterwards,
we could not examine learned avoidance of toad eggs.

Catfish readily attacked toad tadpoles during the first trial, but
largely avoided them during the second trial. The propensity to
attack tadpoles declined between trial one and trial two for catfish

tested with both early–mid stage tadpoles (McNemar’s test,
P < 0.0001) and late stage tadpoles (McNemar’s test,
P = 0.0002). The fish were also less likely to consume tadpoles
in the second trial than the first (McNemar’s test, P < 0.0001 for
both early–mid stage and late stage tadpoles; see Fig. 2).

Discussion

Fork-tailed catfishes of the family Ariidae occur throughout
the shallow waters of the tropics (Nelson 1978; Kailola 1990)
and half of the currently recognised 80+ species are restricted
to theAustralia–NewGuinea region (Allen et al.2003).Although
several ariid species are economically important (Kossowski
1996; Teugels and Gourene 1998; Vidthayanon and
Premcharoen 2002), previous studies of cane toad impact on
Australian fish (e.g. Pearse 1980; Hearnden 1991; Crossland and
Alford 1998; Wilson 2005; Greenlees and Shine 2011) have not
included members of this widespread family. Broadly, however,
the responses and vulnerabilities of silver cobbler to cane toads
appear to be similar to those of previously studied fish species of
other families.

Our laboratory trials with toad-naïve catfish showed that the
risk of poisoning depends on which life-history stage of the toad
is encountered by the predator; eggs pose a greater risk than
tadpoles. This result mirrors the conclusions of Greenlees and
Shine (2011), who suggest that the non-toxic jelly coat of eggs
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Fig. 1. Number of catfish that ate eggs or tadpoles of invasive cane toads in
laboratory trials. Animals shown in black bars died as a result of consuming
toad eggs.
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Fig. 2. Responses of shovel-nosed catfish to cane toad tadpoles as a function
of previous exposure to these toxic anurans; the fish readily attacked and
consumed tadpoles during the first trial but not during the second trial.
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masks the toxins beneath, whereas the toxins of tadpoles are
immediately detectable. Thus, fish can taste and reject tadpoles,
and learn to avoid them (Crossland 2001; Nelson et al. 2011);
whereas ingestion of eggs may prove fatal. In contrast, the larvae
of native frog species do not appear to detect the toxicity of either
eggsor tadpolesof the invasive toad, and thusdonot learn to avoid
them (Crossland et al. 2008; Hayes et al. 2009; Crossland and
Shine 2010).

Ariids breed at the onset of the tropical wet season (Allen et al.
2003), which coincides with the breeding season of cane toads in
the Lake Argyle area. Fork-tail catfish display intensive parental
care involving oral incubation and mouth brooding (Kailola
1989). Brooding males of A. midgleyi form groups in deeper
water, where the adults also feed (Allen et al. 2003). Hence, the
life stages of catfish that aremost likely to forage in shallowwater,
and thereby encounter toad tadpoles and eggs, are juvenile fish
similar in size to thosewe used for the current study. Even for this
size class, the frequency of encounters between catfish and toads
is reduced by:

(1) selectivity in spawning-site selection by cane toads (e.g.
based on pond side vegetation density: Hagman and Shine
2006; Semeniuk et al. 2007) resulting in strong spatial
concentration of toad breeding;

(2) the toads’ preference for shallow water for spawning,
apparently reflecting dangers to female toads that venture
into water deep enough that they can be drowned by the
weight of amplexing males (Bowcock et al. 2009); and

(3) the brief duration of the egg stage in cane toads (<48 h:
Crossland andAlford 1998), such that these potentially lethal
food items are available only briefly.

The end result is that toad eggs are likely to be encountered
by only a small proportion of catfish within the population.
Encounter rates of fish with toad tadpoles will be much higher
and more prolonged (because the tadpoles venture into deeper
water, and the stage can last for >4 weeks: Lever 2001) but such
encounters pose minimal risk to the fish.

Our results showed that shovel-nosed catfish can consume
small numbers of toad tadpoles without ill effect, but then tend
to avoid them during subsequent encounters. Presumably, this
avoidance is a result of unpalatability. Because we did not
continuously observe the fish during feeding trials, we do not
know whether or not they showed any overt short-term signs of
distress after ingesting tadpoles. In feeding trials, barramundi
(Lates calcifer) and sooty grunters (Haphaestus fuliginosus) spat
out cane toad tadpoles immediately after biting, and displayed
signsof distress (vigorouslyopeningandclosing theirmouths and
shaking their heads from side to side for up to aminute: Crossland
2001). Like the catfish that we studied, barramundi (Crossland
2001) and the northern trout gudgeon (Mogurnda mogurnda)
(Nelson et al. 2011) exhibit learned avoidance of toad tadpoles
after an initial encounter.

The impact of cane toads on the catfish of Lake Argyle may
also involve predation on adult toads. Arius midgleyi is
omnivorous (Allen et al. 2003). In a study at the adjoining
Lake Kununurra (Doupé et al. 2003), the diet of A. midgleyi
(length range 273–900mm TL) comprised fish (~42%), insects
(~12%), prawns (cherabin, ~11%), bivalves (~10%), crayfish
(redclaw, ~8%) and plantmatter (~6.5%).Analysis of 39 stomach

samples of A. midgleyi (length range 430–765mm TL) from
southern LakeArgyle (where toadswere not present at the time of
study) yielded bony bream (Nematalosa erebi), lesser salmon
catfish (A. graeffei), belostomatid beetles and plant material
(R. Somaweera, unpubl. data). However, a juvenile cormorant
and water rats have been found in the stomachs of large (>1m)
silver cobblers caught in Lake Argyle (J. Williams, pers. comm.)
and a hatchling freshwater crocodile was found in a stomach of
A. midgleyi from Lake Kununurra (G. Allen, pers. comm.).
Hence, adult catfish inhabiting deeper water may attack prey
on the surface. Such prey potentially could include adult cane
toads, which occasionally swim in open waters at Lake Argyle
over 1 km from shore (Scott-Virtue 2010). However, we have not
found cane toads in the stomachs of any of the six large catfish
(mean total length = 972mm) that we have so far found dead in
Lake Argyle.

Although our data suggest that invasive cane toadswill indeed
cause mortality to the commercially important silver cobbler in
Lake Argyle, the effects are likely to be minor. In keeping
with this prediction, there are relatively few records of fish
being killed by toad ingestion in tropical Australia –

especially, relative to the very high toad-induced mortality
rates reported for some other native taxa, including tadpoles of
Australian native frogs (Crossland et al. 2008; Crossland and
Shine 2010; Shine 2010). Grace and Sawyer (2008) reported ~70
spangled perch (Leiopotherapon unicolor) thought to have been
killed by ingesting toad eggs or tadpoles, and a community group
(The Kimberley Toad Busters) reported two large dead catfish at
Coolibah Station (Scott-Virtue 2005a) and many dead ‘baitfish’
in creek systems containing cane toad eggs and tadpoles (Scott-
Virtue 2005b). Mortality of salmon catfish (Arius graeffei) in and
around Matilda Creek on the eastern side of Lake Argyle was
also attributed to cane toads by this community group, but the
possibility of by-catch from the fishing industry cannot be ruled
out in this case.We expect that cane toad invasion of LakeArgyle
will result in frequent episodes of mortality of small numbers of
catfish during thewet season,mostly in shallowwater, but that the
toads will have far less impact on this commercial fishery than on
the native terrestrial fauna living in the same area.

Acknowledgements

WethankAdeleHaythornthwaite,CorrinEveritt andMarionMassamfor their
support in obtaining permits; Charlie Sharpe, Greg Smith, Kim Hands, Bill
McGill, Crista Lawes, Samantha Tesoriero, Iris Bleach, Lisa Anna Steindler,
Hayley Reynolds and Bill Aldean for help in collecting study animals and
conducting the trials. This project was funded by the Australian Research
Council and was conducted under permits from the University of Sydney
Animal Care and Ethics Committee, and the Department of Fisheries,
Department of Food and Agriculture and Department of Environment and
Conservation in Western Australia.

References

Allen, G. R., Midgley, S. H., and Allen, M. (2003). ‘Field Guide to the
Freshwater Fishes of Australia, revised edn.’ (CSIRO Publishing:
Melbourne.)

Bowcock, H., Brown, G. P., and Shine, R. (2009). Beastly bondage: the costs
of amplexus in cane toads (Bufo marinus). Copeia 2009, 29–36.
doi:10.1643/CE-08-036

Impact of invasive toads on fishery Wildlife Research 383

dx.doi.org/10.1643/CE-08-036
https://www.researchgate.net/publication/240505804_Breeding-site_selection_by_cane_toads_Bufo_marinus_and_native_frogs_in_northern_New_South_Wales_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/233985333_Beastly_Bondage_The_Costs_of_Amplexus_in_Cane_Toads_Bufo_marinus?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/233985333_Beastly_Bondage_The_Costs_of_Amplexus_in_Cane_Toads_Bufo_marinus?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/233985333_Beastly_Bondage_The_Costs_of_Amplexus_in_Cane_Toads_Bufo_marinus?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/233985333_Beastly_Bondage_The_Costs_of_Amplexus_in_Cane_Toads_Bufo_marinus?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/280722574_A_Field_Guide_to_the_Freshwater_Fishes_of_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/280722574_A_Field_Guide_to_the_Freshwater_Fishes_of_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/280722574_A_Field_Guide_to_the_Freshwater_Fishes_of_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/280722574_A_Field_Guide_to_the_Freshwater_Fishes_of_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/280722574_A_Field_Guide_to_the_Freshwater_Fishes_of_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/280722574_A_Field_Guide_to_the_Freshwater_Fishes_of_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/280722574_A_Field_Guide_to_the_Freshwater_Fishes_of_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==


Brown, G. P., Phillips, B. L., and Shine, R. (2011). The ecological impact
of invasive cane toads on tropical snakes: field data do not support
predictions from laboratory studies. Ecology 92, 422–431. doi:10.1890/
10-0536.1

Clark, E., Abel, N., Measham, T., Morison, J., and Rippin, L. (2009).
Commercial fishing and aquaculture in northern Australia. In
‘Northern Australia Land and Water Science Review 2009’. Australia.
(Ed. P. Stone.) pp. 1–58. (CSIRO Sustainable Ecosystems: Darwin.)

Crossland,M. R. (2001). Ability of predatory native Australian fishes to learn
to avoid toxic larvae of the introduced toad Bufo marinus. Journal of
Fish Biology 59, 319–329. doi:10.1111/j.1095-8649.2001.tb00132.x

Crossland, M. R., and Alford, R. A. (1998). Evaluation of the toxicity of
eggs, hatchlings and tadpoles of the introduced toadBufomarinus (Anura:
Bufonidae) to native Australian aquatic predators. Australian Journal
of Ecology 23, 129–137. doi:10.1111/j.1442-9993.1998.tb00711.x

Crossland,M. R., and Shine, R. (2010). Vulnerability of anAustralian anuran
tadpole assemblage to the toxic eggs of the invasive cane toad
(Bufo marinus). Austral Ecology 35, 197–203. doi:10.1111/j.1442-9993.
2009.02027.x

Crossland, M. R., Brown, G. P., Anstis, M., Shilton, C. M., and Shine, R.
(2008). Mass mortality of native anuran tadpoles in tropical Australia due
to the invasive cane toad (Bufo marinus). Biological Conservation 141,
2387–2394. doi:10.1016/j.biocon.2008.07.005

DiTomaso, J. M. (2000). Invasive weeds in rangelands: species, impacts, and
management.Weed Science 48, 255–265. doi:10.1614/0043-1745(2000)
048[0255:IWIRSI]2.0.CO;2

Doody, J. S., Green,B., Rhind,D., Castellano,C.M., Sims, R., andRobinson,
T. (2009). Population-level declines in Australian predators caused by an
invasive species. Animal Conservation 12, 46–53. doi:10.1111/j.1469-
1795.2008.00219.x

Doupé, R., Morgan, D., Gill, H., Rowland, A., and Annandale, D. (2003).
Ecological and social issues concerning the establishment of a recreational
barramundi fishery in Lake Kununurra. Centre for Fish & Fisheries
Research, Murdoch University, Perth.

Engeman, R. M., Laborde, J. E., Constantin, B. U., Shwiff, S. A., Hall, P.,
Duffiney, A., and Luciano, F. (2010). The economic impacts to
commercial farms from invasive monkeys in Puerto Rico. Crop
Protection (Guildford, Surrey) 29, 401–405. doi:10.1016/j.cropro.2009.
10.021

Fletcher, W. J., and Santoro, K. (2008). ‘State of the Fisheries Report 2007/
08.’ (Department of Fisheries, Western Australia: Perth.)

Gosner,K.L. (1960).Asimplified table for staging anuran embryosand larvae
with notes on identification. Herpetologica 16, 183–190.

Grace, B. S., and Sawyer, G. (2008). Dead fish and frogs associated with
cane toads near Darwin. Northern Territory Naturalist 20, 22–25.

Greenlees, M. J., and Shine, R. (2011). Impacts of eggs and tadpoles of the
invasive cane toad (Bufo marinus) on aquatic predators in tropical
Australia. Austral Ecology 36, 53–58.

Gutrich, J. J.,VanGelder,E., andLoope,L. (2007). Potential economic impact
of introduction and spread of the red imported fire ant, Solenopsis invicta,
in Hawaii. Environmental Science & Policy 10, 685–696. doi:10.1016/
j.envsci.2007.03.007

Hagman,M., andShine,R. (2006). Spawning site selection by feral cane toads
(Bufo marinus) at an invasion front in tropical Australia. Austral Ecology
31, 551–558. doi:10.1111/j.1442-9993.2006.01627.x

Hayes, R. A., Crossland, M. R., Hagman, M., Capon, R. J., and Shine, R.
(2009). Ontogenetic variation in the chemical defenses of cane toads
(Bufo marinus): toxin profiles and effects on predators. Journal of
Chemical Ecology 35, 391–399. doi:10.1007/s10886-009-9608-6

Hearnden, M. N. (1991). Reproductive and larval ecology of Bufo marinus
(Anura: Bufonidae). Ph.D. Thesis, James Cook University, Townsville.

IUCN-The World Conservation Union (2000). ‘IUCN guidelines for the
prevention of biodiversity loss due to biological invasion.’ (IUCN
Council: Gland, Switzerland.)

Kailola, P. (1989). Fork-tailed catfish: family Ariidae. In ‘Freshwater fishes
of Australia’ (Ed. G. R. Allen.) pp. 47–55. (T.F.H. Publications Inc.:
Neptune City, NJ.)

Kailola, P. J. (1990). The catfish family Ariidae (Teleostei) in New Guinea
andAustralia: relationships, systematics andzoogeography. Ph.D.Thesis,
University of Adelaide.

Kossowski, C. (1996). Prospects for catfish culture (Siluroidei) in South
America.Aquatic LivingResources9, 189–195. doi:10.1051/alr:1996053

Letnic, M., Webb, J. K., and Shine, R. (2008). Invasive cane toads
(Bufo marinus) cause mass mortality of freshwater crocodiles
(Crocodylus johnstoni) in tropical Australia. Biological Conservation
141, 1773–1782. doi:10.1016/j.biocon.2008.04.031

Lever, C. (2001). ‘The Cane Toad. The History and Ecology of a Successful
Colonist.’ (Westbury Scientific Publishing: Otley, West Yorkshire.)

Mack, R. N., Simberloff, D., Lonsdale, W. M., Evans, H., Clout, M., and
Bazzaz, F. A. (2000). Biotic invasions: causes, epidemiology, global
consequences, and control. Ecological Applications 10, 689–710.
doi:10.1890/1051-0761(2000)010[0689:BICEGC]2.0.CO;2

McNeely, J. A., Mooney, H. A., Neville, L. E., Schei, P., and Waage,
J. K. (2001). ‘A global strategy on invasive alien species.’ In
collaboration with the Global Invasive Species Programme. (IUCN:
Switzerland, Gland and Cambridge, UK.)

Nelson, J. S. (1978). ‘Fishes of theWorld.’ (JohnWiley and Sons: NewYork,
NY.)

Nelson, D. W. M., Crossland, M. R., and Shine, R. (2011). Behavioural
responses of native predators to an invasive toxic prey species. Austral
Ecology 36, 605–611. doi:10.1111/j.1442-9993.2010.02187.x

O’Donnell, S., Webb, J. K., and Shine, R. (2010). Conditioned taste aversion
enhances the survival of an endangered predator imperilled by a toxic
invader. Journal of Applied Ecology 47, 558–565. doi:10.1111/j.1365-
2664.2010.01802.x

Parker, I. M., Simberloff, D., Lonsdale, M. W., Goodell, K., Wonham, M.,
Kareiva, P. M., Williamson, M. H., Von Holle, B., Moyle, P. B., Byers,
J. E., and Goldwasser, L. (1999). Impact: toward a framework for
understanding the ecological effects of invaders. Biological Invasions
1, 3–19. doi:10.1023/A:1010034312781

Pearse, B. W. (1980). Effects of feeding on Bufo marinus by native and
exotic fishes. Report to School of Australian Environmental Studies,
Griffith University, Brisbane.

Penn, J. W., Fletcher, W. J., and Head, F. (Eds) (2005). State of the Fisheries
Report 2004/05. Department of Fisheries, Western Australia, Perth.

Phillips, B. L., and Shine, R. (2004). Adapting to an invasive species:
toxic cane toads induce morphological change in Australian snakes.
Proceedings of the National Academy of Sciences of the United States
of America 101, 17150–17155. doi:10.1073/pnas.0406440101

Phillips, B. L., and Shine, R. (2006). An invasive species induces rapid
adaptive change in a native predator: cane toads and black snakes in
Australia. Proceedings of the Royal Society Series B 273, 1545–1550.
doi:10.1098/rspb.2006.3479

Phillips, B. L., Greenlees, M. J., Brown, G. P., and Shine, R. (2010). Predator
behaviour and morphology mediates the impact of an invasive species:
cane toads and death adders inAustralia.Animal Conservation 13, 53–59.
doi:10.1111/j.1469-1795.2009.00295.x

Price-Rees, S., Brown, G. P., and Shine, R. (2010). Predation on toxic cane
toads (Bufo marinus) may imperil bluetongue lizards (Tiliqua scincoides
intermedia, Scincidae) in tropical Australia. Wildlife Research 37,
166–173. doi:10.1071/WR09170

Scott-Virtue, L. (2005a). Kimberly ToadBusters Newsletter No. 4. Available
at http://www.canetoads.com.au/hewslet4.htm [Verified Dec 2010].

Scott-Virtue, L. (2005b). Kimberly Toad Busters Newsletter No. 14.
Available at http://www.canetoads.com.au/hewslet14.htm [Verified
Dec 2010].

Scott-Virtue, L. (2010). Kimberly ToadBusters Newsletter No. 35. Available
at http://www.canetoads.com.au/hewslet35.htm [Verified Dec 2010].

384 Wildlife Research R. Somaweera et al.

dx.doi.org/10.1890/10-0536.1
dx.doi.org/10.1890/10-0536.1
dx.doi.org/10.1111/j.1095-8649.2001.tb00132.x
dx.doi.org/10.1111/j.1442-9993.1998.tb00711.x
dx.doi.org/10.1111/j.1442-9993.2009.02027.x
dx.doi.org/10.1111/j.1442-9993.2009.02027.x
dx.doi.org/10.1016/j.biocon.2008.07.005
dx.doi.org/10.1614/0043-1745(2000)048[0255:IWIRSI]2.0.CO;2
dx.doi.org/10.1614/0043-1745(2000)048[0255:IWIRSI]2.0.CO;2
dx.doi.org/10.1614/0043-1745(2000)048[0255:IWIRSI]2.0.CO;2
dx.doi.org/10.1111/j.1469-1795.2008.00219.x
dx.doi.org/10.1111/j.1469-1795.2008.00219.x
dx.doi.org/10.1016/j.cropro.2009.10.021
dx.doi.org/10.1016/j.cropro.2009.10.021
dx.doi.org/10.1016/j.envsci.2007.03.007
dx.doi.org/10.1016/j.envsci.2007.03.007
dx.doi.org/10.1111/j.1442-9993.2006.01627.x
dx.doi.org/10.1007/s10886-009-9608-6
dx.doi.org/10.1051/alr:1996053
dx.doi.org/10.1016/j.biocon.2008.04.031
dx.doi.org/10.1890/1051-0761(2000)010[0689:BICEGC]2.0.CO;2
dx.doi.org/10.1890/1051-0761(2000)010[0689:BICEGC]2.0.CO;2
dx.doi.org/10.1111/j.1442-9993.2010.02187.x
dx.doi.org/10.1111/j.1365-2664.2010.01802.x
dx.doi.org/10.1111/j.1365-2664.2010.01802.x
dx.doi.org/10.1023/A:1010034312781
dx.doi.org/10.1073/pnas.0406440101
dx.doi.org/10.1098/rspb.2006.3479
dx.doi.org/10.1111/j.1469-1795.2009.00295.x
dx.doi.org/10.1071/WR09170
http://www.canetoads.com.au/hewslet4.htm
http://www.canetoads.com.au/hewslet14.htm
http://www.canetoads.com.au/hewslet35.htm
https://www.researchgate.net/publication/230292372_Impacts_of_eggs_and_tadpoles_of_the_invasive_cane_toad_Bufo_marinus_on_aquatic_predators_in_tropical_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/230292372_Impacts_of_eggs_and_tadpoles_of_the_invasive_cane_toad_Bufo_marinus_on_aquatic_predators_in_tropical_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/230292372_Impacts_of_eggs_and_tadpoles_of_the_invasive_cane_toad_Bufo_marinus_on_aquatic_predators_in_tropical_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/227602637_Population-level_declines_in_Australian_predators_caused_by_an_invasive_species?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/227602637_Population-level_declines_in_Australian_predators_caused_by_an_invasive_species?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/227602637_Population-level_declines_in_Australian_predators_caused_by_an_invasive_species?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/227602637_Population-level_declines_in_Australian_predators_caused_by_an_invasive_species?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/7005509_An_invasive_species_induces_rapid_adaptive_change_in_a_native_predator_Cane_toads_and_black_snakes_in_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/7005509_An_invasive_species_induces_rapid_adaptive_change_in_a_native_predator_Cane_toads_and_black_snakes_in_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/7005509_An_invasive_species_induces_rapid_adaptive_change_in_a_native_predator_Cane_toads_and_black_snakes_in_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/7005509_An_invasive_species_induces_rapid_adaptive_change_in_a_native_predator_Cane_toads_and_black_snakes_in_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/43769544_The_economic_impacts_to_commercial_farms_from_invasive_monkeys_in_Puerto_Rico?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/43769544_The_economic_impacts_to_commercial_farms_from_invasive_monkeys_in_Puerto_Rico?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/43769544_The_economic_impacts_to_commercial_farms_from_invasive_monkeys_in_Puerto_Rico?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/43769544_The_economic_impacts_to_commercial_farms_from_invasive_monkeys_in_Puerto_Rico?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/43769544_The_economic_impacts_to_commercial_farms_from_invasive_monkeys_in_Puerto_Rico?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/8157527_Adapting_to_an_invasive_species_Toxic_cane_toads_induce_morphological_change_in_Australian_snakes?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/8157527_Adapting_to_an_invasive_species_Toxic_cane_toads_induce_morphological_change_in_Australian_snakes?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/8157527_Adapting_to_an_invasive_species_Toxic_cane_toads_induce_morphological_change_in_Australian_snakes?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/8157527_Adapting_to_an_invasive_species_Toxic_cane_toads_induce_morphological_change_in_Australian_snakes?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/227965341_Predator_behaviour_and_morphology_mediates_the_impact_of_an_invasive_species_Cane_toads_and_death_adders_in_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/227965341_Predator_behaviour_and_morphology_mediates_the_impact_of_an_invasive_species_Cane_toads_and_death_adders_in_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/227965341_Predator_behaviour_and_morphology_mediates_the_impact_of_an_invasive_species_Cane_toads_and_death_adders_in_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/227965341_Predator_behaviour_and_morphology_mediates_the_impact_of_an_invasive_species_Cane_toads_and_death_adders_in_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/223861721_Invasive_cane_toads_Bufo_marinus_cause_mass_mortality_of_freshwater_crocodiles_Crocodylus_johnstoni_in_tropical_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/223861721_Invasive_cane_toads_Bufo_marinus_cause_mass_mortality_of_freshwater_crocodiles_Crocodylus_johnstoni_in_tropical_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/223861721_Invasive_cane_toads_Bufo_marinus_cause_mass_mortality_of_freshwater_crocodiles_Crocodylus_johnstoni_in_tropical_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/223861721_Invasive_cane_toads_Bufo_marinus_cause_mass_mortality_of_freshwater_crocodiles_Crocodylus_johnstoni_in_tropical_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/233985331_Predation_on_toxic_cane_toads_Bufo_marinus_may_imperil_bluetongue_lizards_Tiliqua_scincoides_intermedia_Scincidae_in_tropical_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/233985331_Predation_on_toxic_cane_toads_Bufo_marinus_may_imperil_bluetongue_lizards_Tiliqua_scincoides_intermedia_Scincidae_in_tropical_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/233985331_Predation_on_toxic_cane_toads_Bufo_marinus_may_imperil_bluetongue_lizards_Tiliqua_scincoides_intermedia_Scincidae_in_tropical_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/233985331_Predation_on_toxic_cane_toads_Bufo_marinus_may_imperil_bluetongue_lizards_Tiliqua_scincoides_intermedia_Scincidae_in_tropical_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/222424282_Potential_economic_impact_of_introduction_and_spread_of_the_red_imported_fire_ant_Solenopsis_invicta_in_Hawaii?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/222424282_Potential_economic_impact_of_introduction_and_spread_of_the_red_imported_fire_ant_Solenopsis_invicta_in_Hawaii?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/222424282_Potential_economic_impact_of_introduction_and_spread_of_the_red_imported_fire_ant_Solenopsis_invicta_in_Hawaii?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/222424282_Potential_economic_impact_of_introduction_and_spread_of_the_red_imported_fire_ant_Solenopsis_invicta_in_Hawaii?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/228688680_Impact_Toward_a_Framework_for_Understanding_the_Ecological_Effects_of_Invaders?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/228688680_Impact_Toward_a_Framework_for_Understanding_the_Ecological_Effects_of_Invaders?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/228688680_Impact_Toward_a_Framework_for_Understanding_the_Ecological_Effects_of_Invaders?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/228688680_Impact_Toward_a_Framework_for_Understanding_the_Ecological_Effects_of_Invaders?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/228688680_Impact_Toward_a_Framework_for_Understanding_the_Ecological_Effects_of_Invaders?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/201999174_Biotic_Invasions_Causes_Epidemiology_Global_Consequences_and_Control?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/201999174_Biotic_Invasions_Causes_Epidemiology_Global_Consequences_and_Control?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/201999174_Biotic_Invasions_Causes_Epidemiology_Global_Consequences_and_Control?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/201999174_Biotic_Invasions_Causes_Epidemiology_Global_Consequences_and_Control?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/34955865_Reproductive_and_larval_ecology_of_Bufo_marinus_Anura_Bufonidae_PhD_thesis?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/34955865_Reproductive_and_larval_ecology_of_Bufo_marinus_Anura_Bufonidae_PhD_thesis?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/33736899_The_catfish_family_ariidae_teleostei_in_new_guinea_and_australia_microform_relationships_systematics_and_zoogeography?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/33736899_The_catfish_family_ariidae_teleostei_in_new_guinea_and_australia_microform_relationships_systematics_and_zoogeography?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/33736899_The_catfish_family_ariidae_teleostei_in_new_guinea_and_australia_microform_relationships_systematics_and_zoogeography?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/245069687_A_Simplified_Table_for_Staging_Anuran_Embryos_and_Larvae_with_Notes_on_Identification?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/245069687_A_Simplified_Table_for_Staging_Anuran_Embryos_and_Larvae_with_Notes_on_Identification?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/280780557_Invasive_weeds_in_rangelands_Species_impacts_and_management?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/280780557_Invasive_weeds_in_rangelands_Species_impacts_and_management?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/280780557_Invasive_weeds_in_rangelands_Species_impacts_and_management?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==


Semeniuk,M., Lemckert, F., and Shine, R. (2007). Breeding-site selection by
cane toads (Bufomarinus) and native frogs in northernNew SouthWales.
Australian Wildlife Research 34, 59–66. doi:10.1071/WR06112

Shine, R. (2010). The ecological impact of invasive cane toads (Bufo
marinus) in Australia. The Quarterly Review of Biology 85, 253–291.
doi:10.1086/655116

Snyder, W. E., and Evans, E. W. (2006). Ecological effects of invasive
arthropod generalist predators. Annual Review of Ecology Evolution
and Systematics 37, 95–122. doi:10.1146/annurev.ecolsys.37.091305.
110107

Stiles, G. W. (1942). Poisoning of turkey poults from whorled milkweed
(Asclepias galioides). Poultry Science 21, 263–270.

Teugels, G. G., and Gourene, G. (1998). Biodiversity and aquaculture of
African catfishes (Teleostei, Siluroidei): an overview. In ‘Genetics and
Aquaculture in Africa’. (Ed. J. F. Agnese.) pp. 229–239. (Orstom: Paris.)

Vidthayanon, C., and Premcharoen, S. (2002). The status of estuarine fish
diversity in Thailand. Marine and Freshwater Research 53, 471–478.
doi:10.1071/MF01122

Webb, J. K., Brown, G. P., Child, T., Greenlees, M. J., Phillips, B. L., and
Shine, R. (2008). A native dasyurid predator (common planigale,
Planigale maculata) rapidly learns to avoid a toxic invader. Austral
Ecology 33, 821–829. doi:10.1111/j.1442-9993.2008.01847.x

White, E. M., Wilson, J. C., and Clarke, A. R. (2006). Biotic indirect effects:
a neglected concept in invasions biology. Diversity & Distributions 12,
443–455. doi:10.1111/j.1366-9516.2006.00265.x

Wilson, D. (2005). Toads and native fish. Australia New Guinea Fishes
Association News 25, 8–9.

Xu, H. G., and Ding, H. (2003). Countermeasures for the prevention
of invasive alien species. In ‘Conserving Biodiversity and
Strengthening Nature Reserve Management’. (Eds D. H. Wang and
C. Fang.) pp. 128–139. (China Environment Sciences Press: Beijing.)

Manuscript received 4 February 2011, accepted 17 August 2011

Impact of invasive toads on fishery Wildlife Research 385

http://www.publish.csiro.au/journals/wr

View publication statsView publication stats

dx.doi.org/10.1071/WR06112
dx.doi.org/10.1086/655116
dx.doi.org/10.1146/annurev.ecolsys.37.091305.110107
dx.doi.org/10.1146/annurev.ecolsys.37.091305.110107
dx.doi.org/10.1071/MF01122
dx.doi.org/10.1111/j.1442-9993.2008.01847.x
dx.doi.org/10.1111/j.1366-9516.2006.00265.x
https://www.researchgate.net/publication/32969070_Biodiversity_and_aquaculture_of_African_catfishes_Teleostei_Siluroidei_an_overview?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/32969070_Biodiversity_and_aquaculture_of_African_catfishes_Teleostei_Siluroidei_an_overview?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/32969070_Biodiversity_and_aquaculture_of_African_catfishes_Teleostei_Siluroidei_an_overview?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/240505804_Breeding-site_selection_by_cane_toads_Bufo_marinus_and_native_frogs_in_northern_New_South_Wales_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/240505804_Breeding-site_selection_by_cane_toads_Bufo_marinus_and_native_frogs_in_northern_New_South_Wales_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/240505804_Breeding-site_selection_by_cane_toads_Bufo_marinus_and_native_frogs_in_northern_New_South_Wales_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/240505804_Breeding-site_selection_by_cane_toads_Bufo_marinus_and_native_frogs_in_northern_New_South_Wales_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/240505804_Breeding-site_selection_by_cane_toads_Bufo_marinus_and_native_frogs_in_northern_New_South_Wales_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/240505804_Breeding-site_selection_by_cane_toads_Bufo_marinus_and_native_frogs_in_northern_New_South_Wales_Australia?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/234149179_Ecological_Effects_of_Invasive_Arthropod_Generalist_Predators?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/234149179_Ecological_Effects_of_Invasive_Arthropod_Generalist_Predators?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/234149179_Ecological_Effects_of_Invasive_Arthropod_Generalist_Predators?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/234149179_Ecological_Effects_of_Invasive_Arthropod_Generalist_Predators?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/229744436_A_native_dasyurid_predator_common_planigale_Planigale_maculata_rapidly_learns_to_avoid_a_toxic_invader?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/229744436_A_native_dasyurid_predator_common_planigale_Planigale_maculata_rapidly_learns_to_avoid_a_toxic_invader?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/229744436_A_native_dasyurid_predator_common_planigale_Planigale_maculata_rapidly_learns_to_avoid_a_toxic_invader?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/229744436_A_native_dasyurid_predator_common_planigale_Planigale_maculata_rapidly_learns_to_avoid_a_toxic_invader?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/262992746_The_status_of_estuarine_fish_diversity_in_Thailand?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/262992746_The_status_of_estuarine_fish_diversity_in_Thailand?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/262992746_The_status_of_estuarine_fish_diversity_in_Thailand?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/227584227_Biotic_indirect_effects_A_neglected_concept_in_invasion_biology?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/227584227_Biotic_indirect_effects_A_neglected_concept_in_invasion_biology?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/227584227_Biotic_indirect_effects_A_neglected_concept_in_invasion_biology?el=1_x_8&enrichId=rgreq-bfe9e84f478245204d2ac8813c748a95-XXX&enrichSource=Y292ZXJQYWdlOzIzMTE1Nzk1MjtBUzoxMDI3MTM2MzExODI4NTZAMTQwMTUwMDI0NjYyNA==
https://www.researchgate.net/publication/231157952

