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Interacting biocontrol programmes: invasive cane toads
reduce rates of breakdown of cowpats by dung beetles

EDNA GONZÁLEZ-BERNAL, MATTHEW J. GREENLEES, GREGORY P. BROWN AND
RICHARD SHINE*
School of Biological Sciences A08, University of Sydney, Sydney, NSW 2006, Australia
(Email: rick.shine@sydney.edu.au)

Abstract Ecological interactions among invasive species can affect not only the success of the invaders, but also
their impact on ecosystems in the invaded range. In Australia, both dung beetles (subfamily Scarabaeinae) and cane
toads (Rhinella marina) were introduced for biocontrol: the beetles to break down bovine faeces piles (cowpats) that
otherwise accumulate and reduce pasture productivity, and the cane toad to consume scarab beetles that eat
sugarcane and thus reduce sugar production. The dung beetles have been a success, whereas the toads have been
a failure. Our experimental studies show that as well as impacting native fauna directly, cane toads reduce the rate
of cowpat breakdown by consuming dung beetles. In the laboratory, dehydrated toads actively sought out cowpats
based on scent cues, and in field enclosures, the presence of a cane toad significantly reduced rates of cowpat
decomposition. Although toads have benefited from agricultural activities, their spread across Australia likely has
reduced the effectiveness of one of the most successful biocontrol programmes ever conducted in that continent.

Key words: alien species, dung beetle, invasional meltdown, livestock production, Rhinella marina.

INTRODUCTION

Many areas worldwide have been the recipients of
multiple invasive species, often belonging to a wide
range of phylogenetic lineages, and operating at a wide
range of trophic levels (Vitousek et al. 1996, 1997;
Mack et al. 2000; Pimentel et al. 2001; Frenot et al.
2005). For example, southern Florida has been sub-
jected to invasion by more than 111 exotic vertebrate
species (Ferriter et al. 2008).That diversity of invasive
taxa within a newly colonized area inevitably results in
ecological interactions not only between invaders and
native species, but also among the invasive species
(Carleton & Owre 1975; Nadel et al. 1992; Didham
et al. 2007; Liu & Pemberton 2009). Such interactions
are likely to be as complex as those between invaders
and natives, and include processes such as com-
petition, predation and infection. The outcomes of
such interactions may have significant effects on native
fauna – for example, suppression or facilitation of
an invader by another, newly arriving invader, may
change the impact of the former invader (Grosholz
2005; Griffen et al. 2008; Green et al. 2011). Alterna-
tively, an earlier invasion may preadapt the native
fauna or flora in ways that facilitate their ability to deal
with subsequent invasions by other taxa (Price-Rees
et al. 2012). Such outcomes may differ geographically,
when the same species encounter each other in differ-
ent environments (King et al. 2011).

Research attention on interacting impacts of invad-
ers has focused primarily upon the potential for a
subsequent invasion to facilitate success of an earlier
invasion (‘invasional meltdown’: Simberloff & Von
Holle 1999; Adams et al. 2003; Simberloff 2006;
Montgomery et al. 2012). However, the reverse is true
also: an invasive species may hinder the spread or
success of another invader (Moulton & Pimm 1983;
Simberloff & Stiling 1996; Simberloff 2006). Indeed,
many classical examples of biocontrol are based on the
idea that we can control an existing invader by bring-
ing in a new invasive species (often, a parasite or
pathogen from the native range of the earlier invader).
That approach has succeeded in a number of well-
documented cases: for example, the abundance
of devastating invasive plants (prickly pear, Opuntia
monacantha) and animals (rabbits, Oryctolagus cunicu-
lus) in Australia has been reduced by the introduction
of moths (Cactoblastis cactorum) and viruses (myxoma-
tosis, calicivirus) respectively (Imms 1941; Kovaliski
1998; Fenner & Fantini 1999). As these examples
illustrate, the negative (or positive) effect of one
invader on another may have significant impacts on
the native biota. Given that many areas worldwide are
subject to invasion by many species, managers need
to understand the ecological interactions between
multiple invaders.

In the present study, we examine a case involving
two taxa that were introduced to Australia, one in 1935
(cane toads) and the other (dung beetles) 30 years
later, both for biological control. Unlike native mam-
malian herbivores, cattle produce cowpats (faeces
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piles) too large for native dung beetles to break down,
and thus, livestock producers were faced with an
increasing loss of pasture due to the accumulation of
cowpats (Waterhouse 1974). Dung beetles (subfamily
Scarabaeinae) from Africa, capable of breaking down
such cowpats, were introduced several times from
1965 to 1985 (Nichols et al. 2008; Ridsdill-Smith
& Edwards 2011). The new arrivals thrived, and
successfully reduced cowpat coverage of pastureland
(Waterhouse 1974). The second invasive species (the
cane toad, Rhinella marina Bufonidae) proved to be far
less successful. Brought to Australia in 1935 to eat
beetles (Lepidoderma albohirtum, Lepidiota frenchi)
that were threatening the commercial sugarcane crop
(Saccharum officinarum), the toads apparently failed to
affect beetle numbers, but spread widely and inflicted
severe ecological damage (Lever 2001; Shine 2010).
The major stimulus for the toads’ introduction – their
fondness for consuming beetles – raised concern that
these large anurans also would eat ‘helpful’ dung
beetles, and thus reduce the effectiveness of beetle-
based cowpat control (Waterhouse 1974;Hughes 1975;
Low 1999). Recent studies have shown that cane toads
in tropical Australia are significantly more likely to be
on or beside cowpats than expected by chance, and that
they often consume dung beetles (González-Bernal
et al. 2012). Our observations from toad dissections
show that a toad on a cowpat can consume up to
23 beetles in a single night’s foraging (see fig. 1 in
González-Bernal et al. 2012) but other authors have
found as many as 80 dung beetles in a single toad
preying next to cowpats (Waterhouse 1974).

This scenario suggests that, especially if cane
toads can locate cowpats at a distance and are actively
attracted to them, a foraging toad might reduce dung
beetle abundance enough to slow down the decompo-
sition rate of a cowpat. In the present study we con-
ducted experimental trials to ask: (1) are cane toads
actively attracted to cowpats, based on scent cues; and
(2) what effect does a toad’s presence have on the rate
of cowpat breakdown?

METHODS

Are cane toads attracted to the scent
of cowpats?

We used T-maze experiments to measure the responses of
dehydrated cane toads to cow dung.The toads were collected
in and near Beatrice Hill Farm on the Adelaide River flood-
plain, 60 km east of Darwin (12°38′S, 131°19′E), on the
night before the experiment.The day of the experiment, each
toad was given access to free water in which to hydrate for
60 min, and then dehydrated (by at least 10% of their origi-
nal hydrated body mass) by exposing it to wind flow (see
Tingley et al. 2012 for detailed methods). After this, the toad

was placed at the base of a T-maze. The T-maze was con-
structed with 3 ¥ 1.2-m lengths of black plastic guttering and
enclosed above with clear perspex. Air was drawn through
the two terminal ends of the T by a quiet 12-volt computer
fan.We placed 100 g of freshly deposited cow dung (collected
from cattle-handling yards at the nearby farm a few hours
before) in a perforated opaque container at one end of the T,
with an identical opaque container (containing dry paper
towel of similar volume to the cow dung, to adjust the
amount of air flowing through the container) as a control at
the other end. Between trials, the maze was cleaned with 1%
bleach to remove scent clues, and the position of the cow
dung was alternated between successive trials. The experi-
ment was run at night (when adult toads are active), in a dark
room with a red light for illumination. Trials were run for a
maximum of 15 min, starting from the moment that the
individual was placed inside the T-maze (toads took on
average 6.5 min to make a decision). The choice made by
each toad (whether it reached the control versus treatment
end of the T-maze, among those that voluntarily left the
starting area) was recorded.

Does the presence of a cane toad affect the rate
of cowpat breakdown?

We constructed 12 outdoor enclosures, each measuring
2.4 ¥ 1.2 m, with metal walls 1 m high. Each enclosure con-
tained a substrate of natural soil and vegetation, plus a pool
of water (replenished daily to maintain a constant level).
Fresh bovine dung (collected in the morning) was kept in
closed buckets until use, and mixed to ensure that any beetles
in it were evenly distributed. At dusk, a 3-kg cowpat was
formed and placed at a randomly selected site within each
enclosure. Toads were collected at the field site (see above)
the previous night, and were weighed, measured and then
allowed access to water for rehydration. Six enclosures were
each allocated three toads, whereas the other six enclosures
served as controls, containing cowpats but without toads.
After 10 days, the artificial cowpat was removed and
weighed. We used loss in mass (as a proportion of initial
mass) as our measure of cowpat decomposition rate. We
replicated these trials four times over the period September
to November 2010 and July 2011, yielding data for a total of
24 enclosures with toads present (the other six trials used an
alternative food source, and are not included in this analysis),
and 30 with toads absent. Our analysis included treatment
(toad present or absent) and time period as factors.

RESULTS

Are cane toads attracted to the scent
of cowpats?

Of the 75 toads tested, 27 chose the control arm of the
T-maze (containing paper towel) while 48 went to the
T-arm containing the cowpat. Thus, dehydrated toads
showed a significant tendency to move towards the
cowpat (c2 = 5.34, d.f. = 1, P = 0.02).
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Does the presence of a cane toad affect the rate
of cowpat breakdown?

After 10 days, all cowpats had lost considerable mass
(from 783 to 2866 g; mean = 1777 g). Rates of mass
loss were higher in some trial periods than others
(F4,44 = 3.77, P = 0.01) but with no significant interac-
tion between time period and treatment (F4,44 = 0.16,
P = 0.96). Overall, cowpats that had been exposed to
toads lost 9% less mass, on average, than had cowpats
in adjacent enclosures without toads (Fig. 1; F1,44 =
6.67, P = 0.01).

DISCUSSION

In previous work on this system, we have shown that
cane toads frequently use cowpats in the field, and
thereby enhance their hydric balance and feeding
rate (González-Bernal et al. 2012). The present study
builds upon those results by showing that dehydrated
cane toads can detect the scent of a cowpat, and are
actively attracted to that scent. Our field enclosure
experiments show that the toads’ consumption of
dung beetles can significantly reduce the rate at which
a cowpat decomposes.

Our T-maze experiment was designed to mimic the
situation encountered by cane toads during the pro-
longed dry season in the Australian wet–dry tropics.
In many livestock-producing areas, water sources are

scarce and the closest moist microhabitat may be a
freshly deposited cowpat. Because cattle travel long
distances daily between watering points and foraging
areas (Low et al. 1981; Pickup & Chewings 1988),
cowpats deposited along cattle trails may provide toads
with a vital connectivity between otherwise-distant
rehydration opportunities. Clearly, toads are able to
locate cowpats using scent cues alone (because our
T-maze design eliminated visual cues, etc.). Thus,
cowpats may enhance the toad’s ability to disperse
across dry areas, at least in country that is devoted to
livestock production (approximately 70% of the arid
areas in Australia: James et al. 1999). Provision of arti-
ficial watering points for stock also has facilitated cane
toad invasion through semi-arid regions (Florance
et al. 2011). However, artificial waterbodies are
on average about 10 km apart (James et al. 1999),
whereas adult cane toads disperse less than 2 km per
night (Phillips et al. 2007).Thus, cowpats might act as
hydric islands between permanent artificial water
sources. Furthermore, where artificial livestock water-
ing points are in the form of raised troughs (and thus,
inaccessible to toads), cowpats may serve as a mecha-
nism for transferring moisture from troughs to the
ground, and thus provide hydration sites for toads.

Our results fit well with our earlier work on the
benefits of cowpats to cane toads (González-Bernal
et al. 2012).The current study suggests that predation
on dung beetles by cane toads around cowpats directly
reduces the rate of cowpat decomposition. Other
studies show that the rate of cowpat decomposition is
proportional to the number of active beetles; field
observations in Hawaii (where dung beetles have
been introduced also) estimate dung beetle densities
at around 15 to 40 pairs of beetles per 1000 cc of
cow dung (Bornemissza 1970). In a previous study
(González-Bernal et al. 2012), we recorded individual
toads on 1000 cc cowpats consuming between two and
23 dung beetles in a single night (average = 6.3).Thus,
rates of toad predation on dung beetles may be high
enough to substantially influence cowpat breakdown.
The only alternative reason that cowpats might have
been heavier due to toad presence was reduced water
loss, but we can see no plausible mechanism for
this effect (toads were usually beside not on top of
cowpats, and water would be as likely to move from a
cowpat to a toad, as from a toad to a cowpat).

A toad-induced decrease in rates of cowpat decom-
position likely has several effects. First, the nega-
tive effects of dung accumulation on local grasses
(Waterhouse 1974) will be magnified. Second, greater
longevity of cowpats may enhance survival and, thus,
the rate of emergence of pest insects that develop
within the dung. Such insects include the bush fly
Musca vetustissima and the buffalo fly Haematobia
exigua. The former species is a nuisance to humans in
Australia, and the latter is a blood sucking introduced

70

65

60

%
 m

as
s 

lo
ss

 b
y 

co
w

pa
t

55

50
Toad

absent
Toad

present

Fig. 1. Effect of the presence of cane toads (Rhinella
marina) on the rate of breakdown of cowpats in outdoor
experimental enclosures, showing that cowpats exposed to
cane toads decomposed less rapidly than did cowpats not
exposed to toads. Graph shows mean values and associated
standard errors, based on 24 replicate enclosures with toads
present, and 30 enclosures with toads absent.
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fly that can reduce body condition of cattle and
promote the transmission of stephanofilaria (Hughes
& Morton 1985; Williams et al. 1985). Although there
are no quantitative studies on the abundance of these
fly species before versus after the introduction of dung
beetles, anecdotal reports suggest that fly numbers
depend upon dung availability (Hughes et al. 1978;
Doube & Dalton 2003). Direct comparisons show that
dung beetles have reduced the rate of emergence of
these flies in Australia. By mechanical damage to fly
eggs and through competition for dung, dung beetles
reduce both the emergence and body size of flies
(Bornemissza 1970; Hughes 1975; Nichols et al.
2008). In addition, dung beetles offer other ecosystem
services such as nutrient replacement in the soil by
dung burial, plant growth enhancement through nutri-
ent redistribution, seed dispersal and parasite suppres-
sion (Bryan 1976; Nichols et al. 2008; Ridsdill-Smith
& Edwards 2011). Thus, predation by cane toads on
dung beetles (the only effective bovine dung decom-
posers in Australia) may reduce nutrient recycling and
plant growth, and thus induce a wide-ranging cascade
of effects on ecosystem functioning (Wu et al. 2011).

Tropical Australia contains a wide range of intro-
duced dung beetle species, and the impact of cane
toads may well be worse for some taxa than for others.
Because adult cane toads forage at night (Pizzatto &
Shine 2008) nocturnally active dung beetles are likely
to be most vulnerable (e.g. Onitis alexis, Onitis viridu-
lus, Onthophagus gazella and Onthophagus sagittarius in
the Northern Territory). During our own study, we
identified three species from cane toad stomachs (the
introduced taxa Onthophagus gazella and Onitis alexis
and one native taxon, probably Onthophagus chepara).

In summary, our study provides an example of
one invader (the cane toad) modifying the success of
another invader (dung beetles), with possible collateral
impacts on the ecological effects of a third suite of
invaders (cattle, bush flies, blood-sucking flies). Inter-
estingly, all of the taxa involved in this interaction were
brought to Australia by an earlier invader (Europeans).
Changes in cowpat abundance and size wrought by
these interactions likely have many impacts, economi-
cally (in terms of livestock production) as well as eco-
logically, on a diverse array of native taxa that live in
the areas affected.

Although our study reveals that toad impacts on
cowpat breakdown are strong enough to be detectable,
the magnitude of such effects on a broader spatial scale
remains unclear. Based on the abundance of dung
beetles even in areas of eastern Australia that have
been colonized by cane toads, the negative impact of
cane toads on dung beetle populations may be trivial
(Hughes 1975). Cane toads are not specialized preda-
tors on dung beetles, but can consume high numbers
of them when this prey type is available. To evaluate
the broader-scale impact of cane toads on cowpat

degradation and its associated consequences, we
would need ambitious field experiments. In the
absence of such work, any evaluation of overall impacts
remains speculative. The vast extent of livestock-
grazing activities in Australia, and the large and
expanding distribution of cane toads, means that
the possibility of significant ecological interactions
between these introduced taxa warrants further study.
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