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How many of Australia’s ground-nesting birds are likely to be
at risk from the invasive Cane Toad (Rhinella marina)?
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Abstract. Cane Toads (Rhinella marina; hereafter ‘toads’) are large, toxic American anurans that were introduced to
Australiain 1935. Research on their ecological impact has focussed on the lethal ingestion of toxic toads by native frog-eating
predators. Less attention has been paid to the potential impacts of Cane Toads as predators, although these large anurans
sometimes eat vertebrates, such as nestling birds and bird eggs. We review published and unpublished data on interactions
between Cane Toads and Australian ground-nesting birds, and collate distributional and breeding information to identify the
avian taxa potentially at risk of having eggs or chicks eaten by Cane Toads. Cane Toads are currently sympatric with 80
ground-nesting bird species in Australia, and five additional species of bird occur within the predicted future range of the toad.
Although many species of bird are potentially at risk, available data suggest there is minimal impact of Cane Toads on
ground-nesting species. Future research could usefully address both direct and indirect impacts of the invasion by Cane
Toads, ideally with detailed field observations of these impacts on nesting success and of changes in bird breeding success asa

function of invasion by toads.

Additional keywords: alien species, Bufo marinus, chick, ecological impact, egg, invasive species.

Received 7 April 2011, accepted 25 July 2011, published online 23 April 2012

‘The eggs and nestlings of all our ground-nesting
birds will be snapped up by these night-hunting
marauders.” [Froggatt 1936; p. 163]

Introduction

Invasive species are widely viewed as a threat to global biodi-
versity (Vitousek et al. 1997; Mack et al. 2000), and in 2008 the
International Union for the Conservation of Nature ranked
invasive predators as the third most significant threat to bird
populations (Birdlife International 2008). Invasive predators such
as rats, cats and snakes have had devastating effects on some bird
populations (Fritts and Rodda 1998; Nogales et al. 2004; Jones
et al. 2008). Such impacts have attracted considerable research,
but much remains to be learnt about the ways in which the arrival
of an invasive species influences native taxa.

One widely studied invasive species is the Cane Toad (Rhi-
nella marina or Bufo marinus under previous nomenclatural
schemes; Pramuk 2006) (hereafter ‘toad’). Intentionally intro-
duced to Australia in 1935 for the control of agricultural pests,
the toad has spread widely and its distribution now covers
>1 x 10°km® of tropical and subtropical Australia (Lever
2001). Research on the ecological impacts of toads has focussed
on their toxicity when they are eaten by native predators. Many
native predators have experienced population declines owing to
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lethal ingestion of toxic toads. Such predators include native
frogs (Crossland et al. 2008), marsupial quolls (Burnett 1997),
crocodiles (Letnic et al. 2008), elapid snakes (Phillips et al. 2003;
Phillips and Shine 2004), varanid lizards (Doody et al. 2006;
Smith and Phillips 2006; Griffiths and McKay 2007) and scincid
lizards (Price-Rees et al. 2010). In contrast, predatory birds do not
seem to be at substantial risk from poisoning following ingestion
of toads: few bird species show ill-effects after eating toads,
possibly owing to phylogenetic affinities with other toad-eating
species or the ability to learn to avoid the toxin, or some
combination of both (Beckmann and Shine 2009, 2010, 2011;
Beckmann et al. 2011).

The toxicity of toads is not their only possible impact on native
wildlife; they might also affect Australian taxa by eating them.
Cane Toads primarily prey on insects, and can reduce insect
abundances and affect species composition (Catling et al. 1999;
Greenlees et al. 2006). These large anurans, which can weigh up
to 2.8 kg, also take vertebrates as prey, albeit as a minor portion of
their total diet (reviewed in Lever 2001). Recorded vertebrate
prey include mammals, such as the Common Planigale (Planigale
maculata) (Redhead 1983) and Common Field Rat (Rattus rattus
minanensis) (Rabor 1952), and reptiles such as neonate
Brown Tree Snakes (Boiga irregularis) (Caudell et al. 2000),
blind snakes (L. Pizzatto, unpubl. data), Coral Snakes (Micrurus
circinalis) (Quesnel 1986), burrowing snakes (Typhlops sp.)
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(Rabor 1952), pygopodids (T. Madsen, pers. comm.) and geckos
(Pemberton 1934). Other records of vertebrate taxa eaten by Cane
Toads include Australian frogs (Freeland and Kerin 1988) and
birds (see detailed references below). In the only detailed pub-
lished analysis of predation of birds by toads, Boland (2004a)
studied the impact of toads on the burrow-nests of Rainbow
Bee-caters (Merops ornatus). He reported that toads were the
most common nest predator, with nest predation and usurpation
by toads causing one-third of all nesting attempts to fail, and mean
fledgling numbers per nest to fall by 34%. Likewise, at one site
in the Northern Territory, Australia, we found 67% of nesting
attempts by Rainbow Bee-eaters close to water failed owing to
toads (C. Beckmann, unpubl. data). This substantial impact
suggests that other ground- and burrow-nesting birds might be
similarly at risk (Froggatt 1936; Boland 2004q).

The first step in evaluating potential impacts of Cane Toads
on ground-nesting birds is to identify the species at risk. Thus, we
reviewed available literature to: (a) determine the number of
species of ground-nesting birds that overlap in range with the
current and future predicted ranges of the Cane Toad in Australia;
and (b) predict which of these bird species might be at risk of
being eaten by toads. We also reviewed the (sparse) literature on
dietary habits of Cane Toads for records of actual or attempted
predation by Cane Toads on birds.

Methods

To identify which species of native ground-nesting birds might
be at risk of having their eggs or chicks eaten by Cane Toads, or
having their nests usurped, we compiled a list of the species of
ground-nesting birds whose ranges overlap with either the current
or the predicted future range of the Cane Toad in mainland
Australia (distributions of Cane Toads from Kearney et al.
2008; see Fig. 1). Our analysis excluded Christmas, Lord Howe,
Norfolk, Macquarie, Heard and Cocos-Keeling Islands and the
islands of Torres Strait. We used range maps published in Pizzey
and Knight (2007) and the Australian species list (Christidis and
Boles 2008). The proportion of the range of each species of bird

Fig. 1.
range, light grey represents future predicted range (after Kearney ez al. 2008).

Range of Cane Toads in Australia. Dark grey represents current
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that overlaps with the range of Cane Toads was classified into one
of five categories: 0% currently but overlap with future predicted
range of the toad, 1-25% of current range, 26-50%, 51-75%,
76—100%. As the range maps in Pizzey and Knight (2007) do not
specify breeding range, for some non-sedentary species we may
be overestimating the proportion of the population that is at risk.

Toads are gape-limited predators, and previous work found
that toads were unable to eat hard objects with a diameter of
>38 mm (Beckmann 2011). We thus limited our search to species
with an egg diameter (measured at the widest point along the
longitudinal axis) of <35 mm. However, in doing this we may be
overestimating the vulnerability of bird species with the largest
eggs, because only the largest toads would be capable of eating
them. Equally, however, as nestling birds are pliable (unlike
eggs), toads might be able to eat nestlings from eggs >35 mm in
diameter even if they could not eat the eggs from which the chick
emerged, which would lead us to underestimate the vulnerability
of birds with larger eggs. To determine which species are ground
nesters and the size of their eggs, we used species accounts in
the Handbook of Australian, New Zealand and Antarctic Birds
(Marchant and Higgins 1990, 1993; Higgins and Davies 1996;
Higgins 1999; Higgins e al. 2001, 2006; Higgins and Peter
2002). All species known to nest on the ground (including both
obligate and some occasional ground nesters as well as burrow-
nesting species) and with eggs small enough for toads to ingest
were considered to be at potential risk of having nest contents
eaten by toads.

We next examined published and grey literature on the diet
of Cane Toads for reports of toads eating birds. We entered the
search terms ‘cane toad and bird” and ‘cane toad diet’ into the
following search engines: Searchable Ornithological Research
Archives, Ornithological Worldwide Literature, Web of Knowl-
edge, Biosis Previews and Google Scholar. Journals that are not
available through search engines (Corella, Herpetofauna, Repti-
lia and the Australian Reptile Club Journal) were manually
searched.

Results

The birds with ranges that overlap the current distribution of
Cane Toads in Australia include 80 species (from 32 families) of
obligate or occasional ground nesters with egg diameters <35
mm (Appendix 1). An additional five species (from four families)
have ranges that overlap the predicted future range of Cane Toads
(Appendix 1). Of the 80 species of birds whose ranges overlap
with the current range of Cane Toads: 17 (21.3%) have 1-25% of
their range overlapping with that of Toads, 35 (43.8%) have
26-50% overlap, 8 (10.0%) have 51-75% overlap and 20 (25.0%)
have 76—-100% overlap (Appendix 1). When the projected future
range of toads is included, the percentage overlap in range with
toads will increase by one category for 27 species (34.6%) and
percentage overlap will increase by two categories for four
species (5.1%). Of the five additional species within the predicted
future range of Cane Toads, all have 0-25% overlap with toads
(Appendix 1).

There are few published reports of Cane Toads eating eggs or
nestlings of ground- and burrow-nesting birds, or usurping nests
of such species. Most of these reports are anecdotal and either
describe interactions between a single bird and a single toad or
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simply describe the stomach contents of toads. There were no
reports of adult birds being taken by Cane Toads. We found only
12 reports of toads eating birds or eggs, or usurping nests; of these,
only nine birds were identified to species. Three of these encoun-
ters were in nests: of Brown Quail (Coturnix ypsilophora),
Rainbow Bee-eater, and Striated Pardalote (Pardalotus striatus)
(Table 1). Two of the reports were from outside Australia, and
reported Cane Toads taking a fledgling Shining Cowbird (Molo-
thrus bonariensis) in Trinidad and Tobago and a fledgling
Common Myna (Acridotheres tristis) in Fiji (see Table 1). Cane
Toads have also been observed eating chicks of domestic poultry
(see Table 1). Whereas some encounters were in nests, others
involved chicks on the ground, possibly outside a nest, or were
simply reports of the stomach contents of toads (Table 1). Atleast
three of the records do not involve a species of ground-nesting
bird. Toads ate birds from a diversity of phylogenetic lineages,
ranging from passerines to waterbirds, and ate both chicks and
eggs. In summary, Cane Toads appear to eat birds only rarely, and
some of the nestlings that were eaten belong to bird species that
are not ground-nesters.

Discussion

Our literature survey suggests that although Cane Toads eat birds,
they do so only infrequently. However, predation rates may be
greater in some circumstances, such as among colonially nesting
birds (where a small number of toads could have a substantial
impact), birds whose nests also provide a refuge for toads (such as
burrow-nesting species), and birds that nest in areas with high
density of toads. A combination of these factors is likely to be
required for toads to be a serious threat to local populations of
ground-nesting birds. The overall impact of the invasion by
Cane Toads on Australian ground-nesting birds may be minimal,
despite occasional deaths of individual birds or destruction of a
few nests.

The low occurrence of birds in the diet of Cane Toads is
important because our survey shows that many species (80) of
Australia’s mainland ground-nesting bird species are already
sympatric with Cane Toads, and the distribution of a further five

Table 1.
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overlaps with the future predicted range of toads. Bird species
with a greater percentage of range overlap with toads may be at
greater risk than those with a smaller overlap, as they will have a
smaller percentage of their range which could act as a ‘refuge’
from toads for the species. Of these 85 species, only six species are
listed as threatened by the Australian government. The Partridge
Pigeon (Geophaps smithii smithii, and G. s. blaauwi), Squatter
Pigeon (Geophaps scripta scripta), Black-breasted Button-quail
(Turnix melanogaster), and Plains-wanderer (Pedionomus
torquatus) are listed as vulnerable, whereas the Night Parrot
(Pezoporus occidentalis) and Buff-breasted Button-quail (7urnix
olivii) are considered endangered. Most species of ground-nest-
ing birds that will coexist with Cane Toads already do so, and the
additional threat of predation by Cane Toads only applies to a few
threatened species.

Toads have been recorded to eat the young of at least five
species of bird (see Table 1). Young of birds that are not ground-
nesting species are also potentially at risk, with the introduced
Common Myna (Acridotheres tristis) and House Sparrow
(Passer domesticus), both cavity nesters, eaten by toads (Table 1).
Toads have been reported to pull live chicks out from beneath a
brooding domestic Chicken (Gallus gallus) (Anon. 1939).
Boland (2004a, 20045) found that Cane Toads disrupted one-
third of nesting attempts by Rainbow Bee-eaters in southeast
Queensland, and were responsible for most of the nest failures due
to predation. The birds did not respond to Cane Toads as they did
to other native predators, that is with alarm calling or mobbing
(Boland 2004a). In his study, the presence of toads was associated
with a decline in production of fledglings from 1.2 to 0.8 fledg-
lings per nest (Boland 2004«). The toads were confirmed to have
eaten nestlings, and Boland (2004«) suspected they also ate eggs
(toads were found in empty nests that had held eggs on the
previous check). Cane Toads can locate stationary prey (i.e.
carrion, faeces and pet food) by olfaction (Rossi 1981, 1983)
and Boland (2004«) found that toads used olfactory cues to locate
Bee-eater nests and therefore were active, rather than opportu-
nistic, nest predators.

Our literature survey also reveals a large gap in knowledge on
interactions between ground-nesting birds and Cane Toads. For

Records of predation of the eggs, nestlings or fledglings of bird species by Cane Toads, interactions between ground-nesting birds and Cane

Toads, and species recorded in the stomach contents of Cane Toads

Common name Scientific name Observations

Reference

Brown Quail Coturnix ypsilophora

Domestic Chicken  Gallus gallus Live chick eaten by toad
Domestic fowl Gallus gallus Toad observed attacking weak chicks
Domestic fowl Gallus gallus Weak but live chicks eaten by toads

Unidentified duck
Rainbow Bee-eater

Fledglings eaten by toads
Merops ornatus

Nest occupied by toad, some eggs pushed out

Eggs missing, assumed to have been eaten by toad;

Higgins (1999)
Anon. (1939)
Rabor (1952)
Simmonds (1957)
Weber (1938)
Boland (2004a)

nestlings found in toad stomach contents

Striated Pardalote Pardalotus striatus

contents of nest

House Sparrow Passer domesticus

Found in nest-burrow, but not known if toad had predated

Nestling found in toad stomach contents

B. Baker, in litt., 2008,
see http://groups.yahoo.com/group/ntbirds/
message/3540 (accessed June 2010)
Beckmann and Pizzatto (2011)

Shiny Cowbird Molothrus bonariensis ~ Toad observed eating fledgling Quesnel (1986)
Common Myna Acridotheres tristis Fledgling eaten by toad Simmonds (1957)
Unidentified bird Feathers found in toad stomach contents Pippett (1975)
Unidentified bird Feathers found in toad stomach contents Krakauer (1968)
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example we have little information about behavioural responses
to toads by birds (e.g. will parents defend their nests against
toads?), nor on the ecological determinants of encounter rates
between Cane Toads and ground-nesting birds. The likelihood of
toads encountering bird nests or fledglings will depend on factors
such as: (a) population densities of both birds and toads; (b)
hunger levels and feeding rates of toads; (c) timing of the nesting
season of a bird relative to seasonal activity schedules of toads;
and (d) body-size distributions of toads (proportion of individual
toads large enough to eat eggs or nestlings).

In the short term, the arrival of invasive Cane Toads may cause
an increase, rather than a decrease, in nest survival in many bird
species (not just ground nesters), because populations of other
nest-predators (such as quolls and varanid lizards) crash owing to
lethal toxic ingestion of toads (Doody et al. 2006; Smith and
Phillips 2006; Griffiths and McKay 2007; Shine 2010). Thus, any
additional mortality due to Cane Toads may be more than offset
by reduced predation from other species of native predators. Over
time, however, numbers of native predators tend to rebound from
invasion by toads (Shine 2010), such that predation by toads may
become additive and populations of ground-nesting birds may be
adversely affected. A well-designed field study could address
these questions, by evaluating reproductive success and identi-
fying predators of ground nesters both before and after the arrival
of'toads. More generally, we need additional field-based research
to elucidate more fully the potential impacts of invasive Cane
Toads as predators on Australia’s avian fauna.
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Appendix 1. Range overlap (current and potential future) of Australian ground-nesting bird species with the invasive Cane Toad (future range based
on predictions by Kearney ef al. 2008)
The estimated proportion of the range of each species of bird that overlaps with the current and future predicted range of Cane Toads is placed into the following
categories: 0=0% currently but overlaps with the future predicted range; 1 =1-25% of current toad range; 2 =26-50%; 3 =51-75%; and 4="76-100%

Family and English name Scientific name % current range overlap % future range overlap
Family PHASIANIDAE

Stubble Quail Coturnix pectoralis 2 2

Brown Quail Coturnix ypsilophora 2 3

King Quail Excalfactoria chinensis 4 4
Family PODICIPEDIDAE

Australasian Grebe Tachybaptus novaehollandiae 2 2

Hoary-headed Grebe Poliocephalus poliocephalus 1 2

Great Crested Grebe Podiceps cristatus 2 2
Family COLUMBIDAE

Flock Bronzewing Phaps histrionica 2 4

Spinifex Pigeon Geophaps plumifera 2 4

Partridge Pigeon Geophaps smithii 4 4

Squatter Pigeon Geophaps scripta 4 4
Family EUROSTOPODIDAE

White-throated Nightjar Eurostopodus mystacalis 3 3

Spotted Nightjar Eurostopodus argus 2 3
Family CAPRIMULGIDAE

Large-tailed Nightjar Caprimulgus macrurus 4 4
Family RALLIDAE

Red-necked Crake Rallina tricolor 4 4

Lewin’s Rail Lewinia pectoralis 2 2

Buff-banded Rail Gallirallus philippensis 2 3

Baillon’s Crake Porzana pusilla 2 2

Australian Spotted Crake Porzana fluminea 1 2

Spotless Crake Porzana tabuensis 2 2

White-browed Crake Amaurornis cinerea 3 4
Family RECURVIROSTRIDAE

Black-winged Stilt Himantopus himantopus 2 3
Family CHARADRIIDAE

Red-capped Plover Charadrius ruficapillus 2 2

Inland Dotterel Charadrius australis 1 1

Black-fronted Dotterel Elseyornis melanops 2 3

Red-kneed Dotterel Erythrogonys cinctus 2 3

Banded Lapwing Vanellus tricolor 1 2

Masked Lapwing Vanellus miles 2 3
Family PEDIONOMIDAE

Plains-wanderer Pedionomus torquatus 1 1
Family JACANIDAE

Comb-crested Jacana Irediparra gallinacea 4 4
Family ROSTRATULIDAE

Australian Painted Snipe Rostratula australis 3 4
Family TURNICIDAE

Red-backed Button-quail Turnix maculosus 4 4

Black-breasted Button-quail Turnix melanogaster 4 4

Chestnut-backed Button-quail Turnix castanotus 4 4

Buff-breasted Button-quail Turnix olivii 4 4

Painted Button-quail Turnix varius 2 2

Red-chested Button-quail Turnix pyrrhothorax 2 4

Little Button-quail Turnix velox 1 2
Family GLAREOLIDAE

Australian Pratincole Stiltia isabella 2 3
Family LARIDAE

Little Tern Sternula albifrons 1 1

Fairy Tern Sternula nereis 1 1

Whiskered Tern Chlidonias hybrida 2 3
Family PSITTACIDAE

Ground Parrot Pezoporus wallicus 1 1

Night Parrot

Pezoporus occidentalis
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Appendix 1. (continued)

Family and English name Scientific name % current range overlap % future range overlap
Family CUCULIDAE

Pheasant Coucal Centropus phasianinus 3 4
Family TYTONIDAE

Eastern Barn Owl Tyto javanica 2 3

Eastern Grass Owl Tyto longimembris 4 4
Family ALCEDINIDAE

Azure Kingfisher Ceyx azureus 3 4

Little Kingfisher Ceyx pusilla 4 4
Family HALCYONIDAE

Buff-breasted Paradise-Kingfisher Tanysiptera sylvia 4 4

Red-backed Kingfisher Todiramphus pyrrhopygius 2 3

Sacred Kingfisher Todiramphus sanctus 2 3
Family MEROPIDAE

Rainbow Bee-eater Merops ornatus 2 3
Family PITTIDAE

Red-bellied Pitta Pitta erythrogaster 4 4

Noisy Pitta Pitta versicolor 4 4

Rainbow Pitta Pitta iris 4 4
Family ACANTHIZIDAE

‘White-browed Scrubwren Sericornis frontalis 2 2

Atherton Scrubwren Sericornis keri 4 4

Chestnut-rumped Heathwren Hylacola pyrrhopygia 1 1

Rufous Fieldwren Calamanthus campestris 0 1

Speckled Warbler Chthonicola sagittata 2 2

Buff-rumped Thornbill Acanthiza reguloides 3 3

Brown Thornbill Acanthiza pusilla 2 2
Family PARDALOTIDAE

Spotted Pardalote Pardalotus punctatus 2 2

Red-browed Pardalote Pardalotus rubricatus 2 3

Striated Pardalote Pardalotus striatus 2 2
Family MELIPHAGIDAE

Orange Chat Epthianura aurifrons 1 1

White-fronted Chat Epthianura albifrons 1 1

Gibberbird Ashbyia lovensis 0 1
Family ORTHONYCHIDAE

Australian Logrunner Orthonyx temminckii 2 2

Chowchilla Orthonyx spaldingii 4 4
Family EUPETIDAE

Spotted Quail-thrush Cinclosoma punctatum 2 2

Chestnut Quail-thrush Cinclosoma castanotum 0 1

Cinnamon Quail-thrush Cinclosoma cinnamomeum 0 1

Chestnut-breasted Quail-thrush Cinclosoma castaneothorax 1 1
Family PETROICIDAE

Northern Scrub-robin Drymodes superciliaris 4 4

Southern Scrub-robin Drymodes brunneopygia 0 1
Family ALAUDIDAE

Horsfiled’s Bushlark Mirafra javanica 2 3
Family MEGALURIDAE

Rufous Songlark Cinclorhamphus mathewsi 2 2

Brown Songlark Cinclorhamphus cruralis 1 2
Family HIRUNDINIDAE

White-backed Swallow Cheramoeca leucosterna 1 2
Family ESTRILDIDAE

Double-barred Finch Taeniopygia bichenovii 3 4

Masked Finch Poephila personata 4 4

Painted Finch Emblema pictum 1 3

Pictorella Mannikin Heteromunia pectoralis 3 4
Family MOTACILIDAE

Australasian Pipit Anthus novaeseelandiae 2 2
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