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Abstract

In 1935, cane toads (Rhinella marina) were brought to Australia to control

insect pests. The devastating ecological impacts of that introduction have

attracted extensive research, but the toads' impact on their original targets has

never been evaluated. Our analyses confirm that sugar production did not

increase significantly after the anurans were released, possibly because toads

reduced rates of predation on beetle pests by consuming some of the native

predators of those beetles (ants), fatally poisoning others (varanid lizards), and

increasing abundances of crop-eating rodents (that can consume toads without

ill-effect). In short, any direct benefit of toads on agricultural production (via

consumption of insect pests) likely was outweighed by negative effects that

were mediated via the toads' impacts on other taxa. Like the toad's impacts on

native wildlife, indirect ecological effects of the invader may have outweighed

direct effects of toads on crop production.
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1 | INTRODUCTION

As in many branches of science, detailed research on
“model systems” has advanced our understanding of bio-
logical invasions (Kueffer, Pyšek, & Richardson, 2013).
Even in intensively-studied systems, however, gaps in
knowledge remain. For example, we often have extensive
information about an invasive species within its new range
but not within its native distribution (Shine, 2010); or we
understand current impacts but lack background informa-
tion about the history of range expansion (Vermeij, 1996).
In this paper, we address a major knowledge gap in an
intensively-studied invasion: the introduction and spread of
the cane toad (Rhinella marina) in Australia.

The cane toad's devastating ecological impact on
Australian wildlife (Shine, 2010) has stimulated extensive

research on the history of the toad's translocation to
Australia (e.g., Turvey, 2013), on the rates and routes of
the toads' range expansion within that continent (Urban,
Phillips, Skelly, & Shine, 2008) and on the evolutionary
and ecological consequences of the toad invasion
(Brown, Phillips, & Shine, 2011; Brown, Ujvari, Madsen,
& Shine, 2013; Phillips, Brown, & Shine, 2010). The ratio-
nale for the toad's introduction to Australia in 1935 is
clear: agricultural scientists at the Bureau of Sugar Exper-
iment Stations brought 101 toads from Hawai'i, bred
them, and released their progeny along the Queensland
coast to consume scarab beetles whose root-feeding lar-
vae were major pests of commercial agriculture
(Turvey, 2013). In particular, it was hoped that the toads
would reduce abundances of two major pests, the Frenchi
Beetle (Lepidiota [Batocera] frenchi) and the Greyback
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Beetle (Dermolepida albohirtum), and several other minor
pests (Lepidiota squamulata, L. caudata, L. crinita, and
others).

This attempt at biocontrol has been universally con-
demned as a failure and lampooned as a scientific blun-
der (e.g., Lever, 2001; Turvey, 2013). However, hard
evidence is lacking. The conclusion that toads did not
improve crop yields is based on general statements (not
quantitative analyses) made by the people who brought
the toad to Australia (Turvey, 2013). The idea that a gen-
eralist anuran predator might eat enough pest insects to
improve crop yields is not implausible; the use of toads to
control pests had a long history of success not only in
domestic gardens (Turvey, 2013), but also (supposedly) in
commercial sugar-cane plantations (Mungomery, 1935;
Van Volkenberg, 1935; Wolcott, 1937). Indeed, Tucker
and Wolcott (1936) claimed that the introduction of cane
toads to sugar-cane plantations in Puerto Rico offers “one
of the few instances on record of a foreign predator being
entirely successful in the control of a native insect pest”.
The idea also gains support from recent field experi-
ments: by introducing Chinese bullfrogs (Hoplobatrachus
rugulosus), Teng et al. (2016) reduced populations of rice
leaf rollers, stem borers, and plant hoppers, thereby
increasing rice production in paddy-fields by >40% (see
also Khatiwada et al., 2016). So, did cane toads really fail
to control insect pests in Australia? And if so, why?

2 | IMPACT OF CANE TOADS ON
AGRICULTURAL PRODUCTION

The toads brought to Australia in 1935 were bred, and
hundreds of thousands of their offspring were released in
sugar plantations of coastal Queensland over the next
year (Turvey, 2013). Lacking data on exact locations and
timing of releases, we cannot analyse toad impacts with a
BACI design; instead, we can simply examine whether
overall crop yields changed over time. We used interven-
tion analysis to ask whether yields of sugar cane in
Queensland plantations changed in 1935 (based on data
in a review by the Queensland Bureau of Sugar Experi-
ment Stations, 1950, the group that introduced the cane
toad to Australia). This technique divides a time series
into periods before, during and after some intervention
event (such as the introduction of cane toads). It calcu-
lates a trend line for the dependent variable through time
prior to the intervention, and asks whether the slope or
elevation of that line shifts and changes slope at the criti-
cal time period. The method overcomes statistical prob-
lems associated with autocorrelation among variables
(such as sugar yield) through successive time periods,
thereby allowing a time-series approach using an

autoregressive integrated moving average (see Brown
et al., 2011 for a detailed explanation of this method).

Yields of sugar cane per hectare exhibited an overall
increase over time between 1900 and 1949 (F1,46 = 6.52,
p = .014; 95% CIs for year effect = 0.02–0.21). However,
yields did not step upward concurrent with the introduc-
tion of toads in 1935 (F1,46 p = .58; 95% CIs = −2.35–4.19)
nor increase annually over background levels subsequent
to toad introduction (F1,46 p = .47; 95% CIs = −0.40–0.27)
contrary to the scientists' hope that introduction of cane
toads would enhance productivity (Figure 1). These data
support the agricultural scientists' subjective assessment
(see above): the introduction of cane toads failed to
enhance crop yields. To explore why this happened, we
can examine potential mechanisms by which the arrival
of toads may have affected crop yields (below).

3 | MECHANISMS OF IMPACT
OF CANE TOADS

3.1 | Consumption of insect pests

Cane toads have generalized diets, but with a consistent
focus on ants and beetles (e.g., Dexter, 1932). The beetle
species important in reducing sugar yield were very
abundant in plantations, and the introduced cane toads
doubtless consumed many of those pests (e.g., analysis of
stomach contents of cane toads in Puerto Rico and
Australia reported that most of the insects consumed
were species adjudged to be harmful to the commercial
crop: Dexter, 1932; Turvey, 2013). However, we cannot
assess the impact of the toads' beetle consumption on
crop yields without data on toad abundances, feeding
rates and diets, and on the relationship between beetle
abundance and beetle-induced crop damage. We have
none of those data.

3.2 | Consumption of nontarget insects

As well as consuming the pests they were intended to tar-
get, the broad diets of the introduced anurans meant that
they ate many other invertebrates—at least some of
which consumed beetles. Potentially, any beneficial effect
of toads on beetle abundance may have been reversed by
the introduced anuran's predation on species that had
previously helped to keep beetle numbers in check.
Although we cannot quantify the intensity of impact, we
know that cane toads eat vast numbers of ants across a
wide range of habitat types (e.g., Evans & Lampo, 1996;
Freeland, Delvinquier, & Bonnin, 1986; Heise-Pavlov &
Longway, 2011; Isaacs & Hoyos, 2010; Mungomery, 1936;
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Weber, 1938) including sugar-cane plantations
(Dexter, 1932) and that ants can be effective predators of
beetles and their larvae (e.g., López & Potter, 2000;
Way & Khoo, 1992). Hence, consumption of “beneficial”
insects by cane toads may have increased rates of con-
sumption of sugar cane by beetles (as in the example of
toad impacts in rice paddies: Shuman-Goodier
et al., 2019).

3.3 | Fatal poisoning of apex predators

The arrival of cane toads kills frog-eating predators that
cannot tolerate the toad's toxins (Shine, 2010). Most
importantly, toad invasion decimates populations of
previously-abundant varanid lizards (“goannas”), causing
a dramatic decline in rates of predation on smaller
species—and thus, increases in the abundance of those
former prey (e.g., Doody et al., 2006; Doody et al., 2015;
Jolly, Shine, & Greenlees, 2015). Toad-induced mortality
of beetle-eating lizards could reverse any beneficial effect
of beetle-eating toads.

Varanid lizards frequently consume both larval and
adult beetles (e.g., Jessop, Urlus, Lockwood, &
Gillespie, 2010; Losos & Greene, 1988). Varanus panoptes
is a large varanid that is distributed from coastal Queens-
land to coastal Western Australia and is severely affected
by the arrival of cane toads (Ward-Fear, Pearson, Brown,

Balanggarra Rangers, & Shine, 2016). Analyses of varanid
scats from a floodplain habitat in northwestern Australia
showed that for 2 months at the beginning of their activ-
ity season each year (Nov–Dec), these large lizards fed
almost exclusively on recently metamorphosed cane bee-
tles (Lepidiota squamulata), a declared pest of sugar cane
plantations at the time of cane toad introduction, and a
congener of the beetle species that cane toads were pri-
marily introduced to control (Ward-Fear, Brown, &
Shine, 2020). We found cane beetles in 47 of 52 scats
(90%) collected over this period, with an average of 13.2
beetle heads per scat (range 0–40, SE = 1.98). The lizards'
rate of beetle consumption fell later in the year, after
adult beetles had completed their 1-year lifecycle (with
native rodents becoming the major prey: Ward-Fear
et al., 2020). This early-season predation on emerging
beetles would reduce the abundance of these pests across
their mating period (Settle et al., 1996).

3.4 | Benefits for other agricultural pests

Native rats are a major pest in sugar-cane plantations,
reducing crop yields by up to 30% (Dyer, 2010; Hood, Nass,
Lindsey, & Hirata, 1971; Samson, Sallam, & Chandler,
2013). Most Australian rodents are not affected by cane toad
toxins, and readily eat these anurans (Cabrera-Guzmán,
Crossland, Pearson, Webb, & Shine, 2015). Any increase in
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rat abundance due to this additional prey resource would
have been amplified by the reduced rate of predation on
rodents by varanid lizards (poisoned by toads—see above).
In the above study of V. panoptes, the remains of rodents
were found in 12 of 22 varanid scats (45%) collected during
the dry-season (May–July: Ward-Fear et al., 2020), the peak
period of juvenile recruitment and the onset of serious dam-
age to sugar crops (Dyer, 2010).

4 | DISCUSSION

Our analyses support the idea that cane toads failed to
control insect pests, and suggest reasons for that failure.
Although toads consumed many beetles, they also would
have killed native predators of those pests by eating them
and by fatally poisoning them. Toad introduction may
also have benefitted rodent populations by providing
additional food and reducing the risk of predation.
Increasing the abundance of crop-consuming beetles and
rats (during their peak reproductive phases) would tend
to negate any crop-yield benefits accruing from consump-
tion of beetles by toads. Under this scenario, the indirect
effects of cane toads on sugar yield were eclipsed by indi-
rect effects, mediated via the toad's impact on native
predators. The same conclusion has been reached from
studies on the ecological impact of cane toads on
Australian wildlife (e.g., Doody et al., 2006, 2015; Jolly
et al., 2015; Shine, 2010).

The relative importance of direct and indirect effects
will differ among systems, as a function of local habitat
characteristics, climate, and biotic assemblages. Nonethe-
less, some patterns may be widespread. For example, a
recent study from the Philippines suggested that ants are
beneficial to the rice crop (as predators of pest species),
and that heavy predation on ants by introduced cane
toads may allow populations of pest insects to increase
(Shuman-Goodier et al., 2019). The same mechanism
may apply in Australian sugar-cane plantations. Plausi-
bly, a significant number of the larger invertebrates and
small vertebrates eaten by cane toads also may have con-
sumed beetles that would otherwise have attacked
sugar cane.

The scientists who brought cane toads to Australia
gave little thought to possible impacts on native wildlife
(Turvey, 2013), and (as far as we know) did not consider
the possibility of indirect facilitation of beetle populations
via toad-induced mortality of native predators. It is easy
to be critical in hindsight, and one strong implication of
our analysis is the difficulty of predicting impacts of a bio-
control agent in advance. Direct impacts can be assessed
(e.g., will the novel agent kill or compete with native
organisms?) but indirect impacts, mediated by trophic

links, will be harder to predict. In many cases, the exis-
tence of such links become apparent only after they are
disrupted by an invader (as has occurred with varanid liz-
ards, where the toad invasion has shown us that varanids
are critically important for ecosystem function in tropical
Australia: Brown et al., 2013; Doody et al., 2015).

In summary, our analysis provides empirical support
for an assertion that was previously speculative; suggests
a commonality between invader impacts on agricultural
production versus on native ecosystems; and reinforces
the difficulty of predicting invader impacts a priori.

ACKNOWLEDGMENTS
The authors thank M. Bruny and the Balanggarra
Rangers for help in the field and diet analysis. The
research was funded by the Australian Research Council
(#FL120100074) and conducted under DBCA wildlife
permit (SF010079).

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

AUTHOR CONTRIBUTIONS
Richard Shine devised the project, Gregory P. Brown con-
ducted statistical analyses, all three authors contributed
to writing the manuscript.

DATA AVAILABILITY STATEMENT
Data are available at Dryad doi:10.5061/dryad.v9s4mw6t8

ETHICS STATEMENT
This research was approved by the University of Sydney's
Animal Ethics Committee (Protocol: 2103/6034, DBCA
permit: SF010079), in accordance with the international
“Principles of Laboratory Animal Care” as well as the
“Australian Code for the Care and Use of Animals for
Scientific Purposes.”

ORCID
Richard Shine https://orcid.org/0000-0001-7529-5657

REFERENCES
Brown, G. P., Phillips, B. L., & 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. https://doi.org/10.1890/10-0536.1

Brown, G. P., Ujvari, B., Madsen, T., & Shine, R. (2013). Invader
impact clarifies the roles of top-down and bottom-up effects on
tropical snake populations. Functional Ecology, 27, 351–361.
https://doi.org/10.1111/1365-2435.12044

Cabrera-Guzmán, E., Crossland, M. R., Pearson, D., Webb, J. K., &
Shine, R. (2015). Predation on invasive cane toads (Rhinella
marina) by native Australian rodents. Journal of Pest Science,
88, 143–153. https://doi.org/10.1007/s10340-014-0586-2

4 of 6 SHINE ET AL.

https://orcid.org/0000-0001-7529-5657
https://orcid.org/0000-0001-7529-5657
https://doi.org/10.1890/10-0536.1
https://doi.org/10.1111/1365-2435.12044
https://doi.org/10.1007/s10340-014-0586-2


Dexter, R. R. (1932). The food habits of imported toad, Bufo mar-
inus, in the sugar cane sections of Puerto Rico. Proceedings of
the 4th congress of the International Society of Sugar Cane
Technologists, San Juan. Bulletin, 74, 2–6.

Doody, J. S., Green, B., Sims, R., Rhind, D., West, P., & Steer, D.
(2006). Indirect impacts of invasive cane toads (Bufo marinus)
on nest predation in pig-nosed turtles (Carettochelys insculpta).
Wildlife Research, 33, 349–354. https://doi.org/10.1071/
WR05042

Doody, J. S., Soanes, R., Castellano, C. M., Rhind, D., Green, B.,
McHenry, C. R., & Clulow, S. (2015). Invasive toads shift
predator–prey densities in animal communities by removing
top predators. Ecology, 96, 2544–2554. https://doi.org/10.1890/
14-1332.1

Dyer, B. (2010). Queensland sugarcane industry species management
plan (2010). Brisbane, Queensland: Sugar Research Australia.

Evans, M., & Lampo, M. (1996). Diet of Bufo marinus in Venezuela.
Journal of Herpetology, 30, 73–76. https://doi.org/10.2307/
1564710

Freeland, W. J., Delvinquier, B. L. J., & Bonnin, B. (1986). Food and
parasitism of the cane toad, Bufo marinus, in relation to time
since colonization. Australian Wildlife Research, 13, 489–499.
https://doi.org/10.1071/WR9860489

Heise-Pavlov, S. R., & Longway, L. J. (2011). Diet and dietary selec-
tivity of cane toads (Rhinella marina) in restoration sites: A
case study in far North Queensland, Australia. Ecological Man-
agement & Restoration, 12, 230–233. https://doi.org/10.1111/j.
1442-8903.2011.00603.x

Hood, G. A., Nass, R. D., Lindsey, G. D., & Hirata, D. N. (1971). Dis-
tribution and accumulation of rat damage in Hawaiian sugar-
cane. Journal of Wildlife Management, 35, 613–618. https://doi.
org/10.2307/3799764

Isaacs, P., & Hoyos, J. M. (2010). Diet of the cane toad in different
vegetation covers in the productive systems of the Colombian
coffee region. South American Journal of Herpetology, 5, 45–51.
https://doi.org/10.2994/057.005.0105

Jessop, T. S., Urlus, J., Lockwood, T., & Gillespie, G. (2010). Preying
possum: Assessment of the diet of lace monitors (Varanus
varius) from coastal forests in southeastern Victoria. Biawak, 4,
59–63.

Jolly, C. J., Shine, R., & Greenlees, M. J. (2015). The impact of inva-
sive cane toads on native wildlife in southern Australia. Ecology
and Evolution, 5, 3879–3894. https://doi.org/10.1002/ece3.1657

Khatiwada, J. R., Ghimire, S., Khatiwada, S. P., Paudel, B.,
Bischof, R., Jiang, J., & Haugaasen, T. (2016). Frogs as potential
biological control agents in the rice fields of Chitwan, Nepal.
Agriculture, Ecosystems & Environment, 230, 307–314.

Kueffer, C., Pyšek, P., & Richardson, D. M. (2013). Integrative inva-
sion science: Model systems, multi-site studies, focused meta-
analysis and invasion syndromes. New Phytologist, 200,
615–633. https://doi.org/10.1111/nph.12415

Lever, C. (2001). The cane toad. The history and ecology of a success-
ful colonist. Otley, West Yorkshire: Westbury Academic & Sci-
entific Publishing.

López, R., & Potter, D. A. (2000). Ant predation on eggs and larvae
of the black cutworm (Lepidoptera: Noctuidae) and Japanese
beetle (Coleoptera: Scarabaeidae) in turfgrass. Environmental
Entomology, 29, 116–125. https://doi.org/10.1603/0046-225X-29.
1.116

Losos, J. B., & Greene, H. W. (1988). Ecological and evolutionary
implications of diet in monitor lizards. Biological Journal of the
Linnean Society, 35, 379–407. https://doi.org/10.1111/j.1095-
8312.1988.tb00477.x

Mungomery, R. W. (1935). The giant American toad (Bufo mar-
inus). Cane Growers Quarterly Bulletin, 3, 21–27.

Mungomery, R. W. (1936). A survey of the feeding habits of the
Giant toad, (Bufo marinus L), and notes on its progress since its
introduction into Queensland. Proceedings of the Queensland
Sugar Cane Technologists, 7, 63–74.

Phillips, B. L., Brown, G. P., & Shine, R. (2010). Evolutionarily
accelerated invasions: The rate of dispersal evolves upwards
during the range advance of cane toads. Journal of Evolutionary
Biology, 23, 2595–2601. https://doi.org/10.1111/j.1420-9101.
2010.02118.x

Queensland Bureau of Sugar Experiment Stations. (1950). Fifty
years of scientific progress: A historical review of the half century
since the foundation of the Bureau of Sugar Experiment Stations.
Brisbane, Queensland: A.H. Tucker, Government Printer.

Samson, P., Sallam, N., & Chandler, K. (2013). Pests of Australian
sugarcane. Field guide. Brisbane, Queensland: BSES Ltd., West-
minster printing.

Settle, W. H., Ariawan, H., Astuti, E. T., Cahyana, W.,
Hakim, A. L., Hindayana, D., & Lestari, A. S. (1996). Managing
tropical rice pests through conservation of generalist natural
enemies and alternative prey. Ecology, 77, 1975–1988. https://
doi.org/10.2307/2265694

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

Shuman-Goodier, M. E., Diaz, M. I., Almazan, M. L.,
Singleton, G. R., Hadi, B. A., & Propper, C. R. (2019). Ecosys-
tem hero and villain: Native frog consumes rice pests, while the
invasive cane toad feasts on beneficial arthropods. Agriculture,
Ecosystems & Environment, 279, 100–108. https://doi.org/10.
1016/j.agee.2019.04.008

Teng, Q., Hu, X. F., Luo, F., Cheng, C., Ge, X., Yang, M., & Liu, L.
(2016). Influences of introducing frogs in the paddy fields on
soil properties and rice growth. Journal of Soils and Sediments,
16, 51–61. https://doi.org/10.1007/s11368-015-1183-6

Tucker, R. W. E., & Wolcott, G. N. (1936). Parasite introductions:
Barbados and Puerto Rico. In Proceedings of the fifth congress of
the International Society of Sugar Cane Technologists
(pp. 398–404). Brisbane, Queensland: David Whyte, Govern-
ment Printer.

Turvey, N. (2013). Cane toads: A tale of sugar, politics and flawed
science. Sydney, New South Wales: Sydney University Press.

Urban, M. C., Phillips, B. L., Skelly, D. K., & Shine, R. (2008). A
toad more traveled: The heterogeneous invasion dynamics of
cane toads in Australia. American Naturalist, 171, E134–E148.
https://doi.org/10.1086/527494

Van Volkenberg, H. L. (1935). Biological control of an insect pest by
a toad. Science, 82, 278–279.

Vermeij, G. J. (1996). An agenda for invasion biology. Biological
Conservation, 78, 3–9. https://doi.org/10.1016/0006-3207(96)
00013-4

Ward-Fear, G., Brown, G. P., & Shine, R. (2020). Within-population
variation in dietary traits: Implications for vulnerability and
impact of imperiled keystone predators. Ecosphere in press.

SHINE ET AL. 5 of 6

https://doi.org/10.1071/WR05042
https://doi.org/10.1071/WR05042
https://doi.org/10.1890/14-1332.1
https://doi.org/10.1890/14-1332.1
https://doi.org/10.2307/1564710
https://doi.org/10.2307/1564710
https://doi.org/10.1071/WR9860489
https://doi.org/10.1111/j.1442-8903.2011.00603.x
https://doi.org/10.1111/j.1442-8903.2011.00603.x
https://doi.org/10.2307/3799764
https://doi.org/10.2307/3799764
https://doi.org/10.2994/057.005.0105
https://doi.org/10.1002/ece3.1657
https://doi.org/10.1111/nph.12415
https://doi.org/10.1603/0046-225X-29.1.116
https://doi.org/10.1603/0046-225X-29.1.116
https://doi.org/10.1111/j.1095-8312.1988.tb00477.x
https://doi.org/10.1111/j.1095-8312.1988.tb00477.x
https://doi.org/10.1111/j.1420-9101.2010.02118.x
https://doi.org/10.1111/j.1420-9101.2010.02118.x
https://doi.org/10.2307/2265694
https://doi.org/10.2307/2265694
https://doi.org/10.1086/655116
https://doi.org/10.1016/j.agee.2019.04.008
https://doi.org/10.1016/j.agee.2019.04.008
https://doi.org/10.1007/s11368-015-1183-6
https://doi.org/10.1086/527494
https://doi.org/10.1016/0006-3207(96)00013-4
https://doi.org/10.1016/0006-3207(96)00013-4


Ward-Fear, G., Pearson, D. J., Brown, G. P., Balanggarra
Rangers, & Shine, R. (2016). Ecological immunisation: In situ
training of free-ranging predatory lizards reduces their vulnera-
bility to invasive toxic prey. Biology Letters, 12, 20150863.
https://doi.org/10.1098/rsbl.2015.0863

Way, M. J., & Khoo, K. C. (1992). Role of ants in pest management.
Annual Review of Entomology, 37, 479–503. https://doi.org/10.
1146/annurev.en.37.010192.002403.

Weber, N. A. (1938). The food of the giant toad, Bufo marinus (L.),
in Trinidad and British Guiana with special reference to the
ants. Annals of the Entomological Society of America, 31,
499–503.

Wolcott, G. N. (1937). What the giant Surinam toad, Bufo marinus
L., is eating now in Puerto Rico. Journal of Agriculture of the
University of Puerto Rico, 21, 79–84.

How to cite this article: Shine R, Ward-Fear G,
Brown GP. A famous failure: Why were cane toads
an ineffective biocontrol in Australia? Conservation
Science and Practice. 2020;2:e296. https://doi.org/
10.1111/csp2.296

6 of 6 SHINE ET AL.

https://doi.org/10.1098/rsbl.2015.0863
https://doi.org/10.1146/annurev.en.37.010192.002403
https://doi.org/10.1146/annurev.en.37.010192.002403
https://doi.org/10.1111/csp2.296
https://doi.org/10.1111/csp2.296

	A famous failure: Why were cane toads an ineffective biocontrol in Australia?
	1  INTRODUCTION
	2  IMPACT OF CANE TOADS ON AGRICULTURAL PRODUCTION
	3  MECHANISMS OF IMPACT OF CANE TOADS
	3.1  Consumption of insect pests
	3.2  Consumption of nontarget insects
	3.3  Fatal poisoning of apex predators
	3.4  Benefits for other agricultural pests

	4  DISCUSSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  DATA AVAILABILITY STATEMENT
	  ETHICS STATEMENT
	REFERENCES


