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Abstract. Fresh meat baits containing sodium fluoroacetate (1080) are widely used for controlling feral pigs in
Queensland, but there is a potential poisoning risk to non-target species. This study investigated the non-target species

interactions with meat bait by comparing the time until first approach, investigation, sample and consumption, and
whether dying bait green would reduce interactions. A trial assessing species interactions with undyed bait was completed
at Culgoa FloodplainNational Park, Queensland.Meat baits weremonitored for 79 consecutive dayswith camera traps. Of
40 baits, 100%were approached, 35% investigated (moved) and 25% sampled, and 25% consumed.Monitors approached

(P, 0.05) and investigated (P, 0.05) the bait more rapidly than pigs or birds, but themedian time until first samplingwas
not significantly different (P. 0.05), and did not consume any entire bait. A trial was conducted atWhetstone State Forest,
southern Queensland, with green-dyed and undyed baits monitored for eight consecutive days with cameras. Of 60 baits,

92% were approached and also investigated by one or more non-target species. Most (85%) were sampled and 57% were
consumed, with monitors having slightly more interaction with undyed baits than with green-dyed baits. Mean time until
first approach and sample differed significantly between species groups (P¼ 0.038 and 0.007 respectively) with birds

approaching sooner (P, 0.05) and monitors sampling later (P, 0.05) than other (unknown) species (P. 0.05). Undyed
bait was sampled earlier (mean 2.19 days) than green-dyed bait (2.7 days) (P¼ 0.003). Data from the two trials
demonstrate that many non-target species regularly visit and sample baits. The use of green-dyed baits may help reduce
non-target uptake, but testing is required to determine the effect on attractiveness to feral pigs. Further research is

recommended to quantify the benefits of potential strategies to reduce the non-target uptake of meat baits to help improve
the availability of bait to feral pigs.
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Introduction

Feral pigs (Sus scrofa) are a declared pest throughout Australia,
causing extensive environmental and economic damage
(Choquenot et al. 1996; Gong et al. 2009; Bengsen et al. 2014).

Feral pig impacts on natural ecosystems arewell recognised (see
Bengsen et al. 2014 for review). Their widespread distribution,
omnivorous diet (mostly plant matter, but also animal) and

environmentally destructive habits (e.g. rooting, wallowing)
suggest that feral pigs could potentially damage a range of
ecological communities (Choquenot et al. 1996; Long 2003).

Feral pig damage through predation, habitat loss, competition
and disease transmission is listed in Australia as a key threat-
ening process to biodiversity by theEnvironment Protection and
Biodiversity Conservation Act (1999) (Department of the

Environment 2013).
Land managers control feral pigs with a range of techniques

such as aerial and ground shooting, trapping and commercial or

recreational harvesting, and baiting (Gentle and Pople 2013).

Effective broad-scale feral pig control relies heavily on sodium
fluoroacetate (1080) bait (Bengsen et al. 2014), with application
of 1080 fresh meat baits (often kangaroo) comprising,75% of
the bait material distributed per year inQueensland (Gentle et al.

2014).
Meat bait may pose a poisoning risk to non-target native

species, given the large dosage of 1080 (72 mg) required for

feral pigs and the sensitivity of non-target species (McIlroy
1983; Gentle et al. 2014). Raptors andmonitor lizards (varanids)
are thought to bemost at risk due to their preference formeat and

scavenging behaviours (McIlroy 1984). Non-target consump-
tion of bait material may be reduced by dyeing bait green,
particularly for birds (Hone et al. 1985; Kleba et al. 1985;
Hartley et al. 2000) although any deterrence effects may be only

short term (Jongman et al. 2000). The addition of dye to meat
baits may be a potential strategy to deter non-target interactions
but this has not been assessed for fresh meat baits used for feral

pig control. Any differences in foraging behaviour between
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species groups may also offer means to reduce exposure to non-
target species, and should be investigated.

We aim to assess whether the time until first approach,
sample, investigation or consumption of large (500 g) fresh
meat bait differs between species groups, and if dyeing the bait

green will affect interactions.We briefly discuss implications of
these findings for baiting campaigns.

Methods

Species–bait interaction trial

A species–bait interaction trial was conducted in the summer
(November–January) of 2011–12 at Culgoa Floodplain
National Park (hereafter Culgoa), south-western Queensland

(2885502000S, 14685901700E). This coincided with the aerial
baiting conducted biannually (usually April/May and October/
November) at Culgoa Floodplain National Park for biodiversity

protection. Fresh pieces of kangaroo meat (nominal
weight¼ 500 g) were injected with 2 mL of 36 mg mL�1 1080
solution (72 mg of 1080) as per standard for feral pig control in
Queensland. Baits were distributed by aircraft on parallel east–

west transects (at 2-km intervals), spaced at ,175–200 m to
provide a bait density of ,1.7 baits km�2 (Gentle et al. 2014).
Forty baits (mean weight¼ 538 g) were prepared by sewing a

5-g single-stage radio-transmitter (SirTrack�) inside each bait
to allow baits that had been moved, but not consumed, to be
located. Previous studies indicate that incorporation of trans-

mitters does not significantly affect bait uptake (Saunders et al.
1999; Thomson and Kok 2002). On the samemorning that aerial
baits were deployed, these baits were laid on the ground by hand
in four transect lines in habitats representative of those found

within Culgoa. Baits were spaced at ,200-m intervals to sim-
ulate the spacing of the aerially distributed bait.

The baits were monitored for 79 consecutive days using 39

camera traps (BolyGuard�/ ScoutGuard� SG550 trail cameras)
secured to trees, logs or star pickets. When triggered, cameras
recorded a series of photographs that were used to identify

species and interactions with bait. The baits were checked by
staff each day and classified as: approached, investigated
(approached and moved), sampled (approached, investigated,

and sampled, i.e. chewed, pecked, torn apart or partially con-
sumed), or consumed (approached, investigated and consumed).
Categories were not mutually exclusive (e.g. consumed baits
were also recorded as approached, investigated and sampled:

Gentle et al. 2014).
Where bait was sampled, monitoring of the remaining bait

material continued. The percentage of bait removed by sampling

was visually estimated to the nearest 10%. Consumed baits were
not replaced.

Species–bait–colour interaction trial

A species–bait–colour interaction trial was carried out at
Whetstone State Forest (hereafter Whetstone), southern
Queensland (2881905100S, 15085504900E) duringNovember 2006.

Sixty kangaroo meat baits were prepared using the same tech-
niques as described for the species–bait trial. Twenty-eight of
these baits were dyed green by adding a small amount of pow-
dered food dye (Corella�, Australia). Green-dyed and undyed

baits were laid alternately by hand adjacent to unmaintained dirt

roads ,500 m apart. Thirty-nine camera traps (Pixcontroller,
Export, PA, US) were used to monitor interactions with the bait,

as described for the other trial except that baits were replaced
with fresh bait upon consumption. Bait monitoring ceased after
eight days, given the high rate of visitation and interaction

with bait.

Statistical analysis

The time until first approach, sample, investigation, or con-
sumption were compared for each species group to determine
any differences in interactions with undyed or dyed meat baits.

Data from Culgoa were not normally distributed so were ana-
lysed using the non-parametric Mood’s Median test. Data from
Whetstone were normally distributed so were analysed using a
General Linear Model Analysis of Variance. The fitted model

consisted of bait colour, bait location (i.e. bait point) and species
groups. The bait location termwas added to account for variance
associated at the individual bait point (i.e. where bait was laid).

Fisher’s Least Significant Difference (l.s.d.) test was then used
to identify significant differences (at the 5% significance level)
in interaction between species groups.

Results

Species–bait interaction trial

The species recorded interacting with bait at Culgoa were feral
pigs (Sus scrofa), feral cats (Felis catus), foxes (Vulpes vulpes),

crows/ravens (Corvus spp.), Australian magpies (Gymnorhina
tibicen), Australian magpie-larks (Grallina cyanoleuca), sand
monitors (Varanus gouldii), black-tailed monitors (V. tristis),
lace monitors (V. varius), shinglebacks (Tiliqua rugosa) and

blue-tongue lizards (Tiliqua scincoides scincoides) (see Gentle
et al. 2014 for detailed bait-uptake data on each species). We
grouped these into monitors (sand, black-tailed and lace moni-

tors), feral pigs and birds (crows/ravens, magpies and magpie-
larks) for analysis. We excluded other species interactions from
further analysis given the low sample size.

Of the 40 baits, 15% were approached only, 35% were
moved, 25% were sampled only, and 25% were consumed.
The median time until first approach (x2¼ 8.48, d.f.¼ 3,

P¼ 0.037) and until first investigation (x2¼ 10.15, d.f.¼ 3,
P¼ 0.017) differed significantly between the groups, with
monitor lizards approaching (P, 0.05) and investigating
(P, 0.05) bait more quickly than pigs and birds (Fig. 1). The

median time until first sampling appeared to be less in the
monitors than in pigs and birds (Fig. 1), although this was not
statistically significant (P. 0.05).

Species–bait–colour interaction trial

Species interacting with bait at Whetstone were crows/ravens
(Corvus spp.), a small raptor (Falco sp.), sand monitors (Var-

anus gouldii), and lace monitors (Varanus varius). Data were
pooled into the following three groups for statistical analysis:
monitors (sand and lace monitors), birds (crows/ravens, and

small raptor species), and other (unknown species).
Sixty baits were used, comprising 28 green-dyed and 32

undyed baits. In total, 92% of baits (93% of green-dyed and 91%
of plain respectively) were investigated. Bait monitoring ceased

after eight days, given the high rate of visitation and interaction
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with bait. The percentage of bait interaction and the percentage
of green-dyed and plain baits interacted with, by each group

(i.e. monitor lizards, birds and other non-target species) are
listed in Table 1. In all, 85% of baits were sampled. Of these,
45%were green-dyed and 55% plain. In total, 57% of baits were

consumed, with again a slightly lower percentage of green-dyed
bait consumed (47% versus 53%). Twenty-three baits were
consumed by monitors. Camera malfunction (e.g. flat battery,

not triggered) meant that the identification of species responsi-
ble for consuming 11 baits could not be determined.

The mean time until first approach differed significantly

between species groups (F2,12¼ 4.33, P¼ 0.038) (Fig. 2), but
not between bait locations (F53,12¼ 1.77,P¼ 0.140) or between
bait colours (F1,12¼ 3.07, P¼ 0.105). The mean time until first
investigation did not differ significantly between species

groups (F2,11¼ 3.0, P¼ 0.091), bait locations (F53,11¼ 1.73,
P¼ 0.163), nor bait colours (F1,11¼ 2.99, P¼ 0.112).

Species group (F2,4¼ 22.2, P¼ 0.007) (Fig. 3), bait location

(F49,4¼ 16.64, P¼ 0.007) and bait colour (F1,4¼ 41.38,
P¼ 0.003) all significantly affected the mean time until first
sampling, with undyed baits being sampled earlier (mean 2.19

days) than green-dyed bait (mean 2.70 days).

Discussion

The native species of most concern, based on the species sen-
sitivity (i.e. toxicity) to 1080, include crows/ravens, magpies

and varanids (see McIlroy 1983). However, despite many
interactions with feral pig meat baits, few of these non-target

species were recorded as sampling or consuming bait, with the
exception ofmonitors atWhetstone. The lack of consumption by
birds that approached, investigated or sampled the bait is pos-

sibly explained by the fact that the bait size (500 g) was origi-
nally chosen to be too large for most carnivorous birds to ingest
in one sitting. The estimated percentage of bait consumed was

used to (crudely) approximate the weight of bait, and hence the
dose of toxin ingested. These estimates of consumption (visually
compared to an uneaten, reference baits) suggest that these

species typically appeared to consume less than 10% of their
body weight, resulting in a non-lethal dose for most species
(A. Millar, unpubl. data). On occasions, monitors may consume
fresh meat baits (e.g. Woodford et al. 2012), and data from

Whetstone support these findings. This is a concern for both the
potential primary poisoning risk to monitors, and the reduction
in availability of baits to feral pigs. The lack of bait consumption

by monitors at Culgoa is intriguing, given that bait was readily
consumed by monitors at Whetstone in this study and in other
trials (A.Millar, unpubl. data). Site differences in the abundance

of varanids may be one possible explanation: varanids appeared

Table 1. The percentage of dyed, undyed and total (shown in paren-

theses) baits that were approached, investigated, sampled and

consumed by each species group at Whetstone State Forest

Group Approach Investigate Sample Consume

Dyed Undyed Dyed Undyed Dyed Undyed Dyed Undyed

Monitors 42 58 42 58 41 59 43 57

(60) (60) (53) (38)

Other 60 40 60 40 53 47 55 45

(33) (33) (25) (18)

Birds 54 46 50 50 40 60 0 0

(22) (20) (17) (0)
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Fig. 2. Mean time until baits were first approached at Whetstone State

Forest. Columns that do not share colour (grey and black) are significantly

(P, 0.05) different from each other as determined by Fisher’s Least

Significant Difference Test.
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Fig. 3. Mean time until baits were first sampled atWhetstone State Forest.

Columns that do not share colour (grey and black) are significantly

(P, 0.05) different from each other as determined by Fisher’s Least

Significant Difference Test.
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Fig. 1. Median time until baits were first approached, investigated and

sampled by species at Culgoa Floodplain National Park.
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to be much more abundant at Whetstone (M. Gentle, pers. obs.),
likely due to the favourable forest habitat at Whetstone (cypress

pine–dominated forest) compared with the more open, diverse
landscapes at Culgoa (see Gentle et al. 2014). Alternatively, the
relatively few baits sampled by monitors at Culgoa may have

been due to recent rainfall events increasing food supply to
varanids. Food supply has been shown to be an important pre-
dictor of bait uptake by feral cats, with greater bait uptake

occurring when alternative food is reduced (Christensen et al.

2013).
Our data may assist to understand or develop strategies to

reduce bait interactions by non-target species. Our data show

that monitors were quicker than pigs at interacting with bait at
Culgoa, suggesting that there may be no advantage in limiting
the period that baits would be presented in the field. Birds were

quicker than monitors at Whetstone but not Culgoa, indicating
that there may be some site differences in foraging strategies
between species to consider. Feral pig baiting is conducted

biannually at Culgoa, and only occasionally at Whetstone,
which may result in some individuals being previously exposed
to bait. Pre-exposure to baitmay alter an individual’s response in
future bait encounters, dependent on the outcomes associated

with the initial encounter (i.e. positive, neutral, or negative
stimuli), although time since exposure and other factors are also
important (Gentle et al. 2006).We cannot discount any potential

effect on bait uptake from previous exposure, but acknowledge
that it may contribute to the inconsistent species interactions
between study sites. Our data suggest that the use of dyed bait

may reduce non-target risk by delaying these species sampling
bait, potentially allowing more time for feral pigs to locate and
consume baits. The green-coloured PIGOUT� (Animal Control

Technologies Australia) manufactured bait can be highly effec-
tive at reducing pig populations (Cowled et al. 2006a) and is
reportedly target-specific in most Australian environs (Cowled
et al. 2006b). Dyeing meat bait is unlikely to significantly affect

consumption by pigs; grain remains highly palatable to pigs
following addition of blue, green or black food dye (Hone et al.
1985; Kleba et al. 1985). However, we could not test this

hypothesis in fresh meat baits; feral pig abundance was low at
Whetstone and no feral pig activity was recorded at either green
or undyed baits during the trial period. Additionally, dye may

result in only a short-term reduction in feeding behaviour of
some non-target species (Jongman et al. 2000), as evidenced in
our study, further confusing the potential application of dye to
meat baits.We recommend further testing to: (1) account for any

site-specific differences in non-target species interactions to
dye, and (2) ensure that the use of green dye in fresh meat baits
does not reduce the attractiveness and palatability to feral pigs.

There may be other options to reduce the take of fresh meat
baits by non-target species. These include laying baits in the late
afternoon/evening or cooler months when varanids are less

active, covering or burying baits, using feeding deterrents or
pig-specific feeders, placing toxic baits in areas of high pig
activity, when and where pigs are feeding, drying (i.e. reduce

moisture content) baits to reduce palatability to varanids (see
Twigg et al. 2001; Gentle et al. 2014). Strategies to delay the
uptake of baits by non-target speciesmay help to reduce primary
poisoning risk. Freshmeat baits lose 1080 under field conditions

(e.g. Fleming and Parker 1991; Twigg, et al. 2000) and delays in

feeding may help reduce exposure of non-target species to the
high initial doses of 1080 in pig meat baits. We recommend

further research to examine and quantify the benefits of these
potential strategies to reduce the non-target uptake ofmeat baits,
and maximise the availability of bait to feral pigs.

Acknowledgements

We thank the staff at CulgoaNational Park, James Speed (RobertWicks Pest

Animal Research Centre), Liz Stenhouse and various volunteers from the

University of Queensland for field assistance. Allan Lisle provided assis-

tance for statistical analysis. Experiments were approved under Permit

WITK09146611 (Queensland Parks and Wildlife Service), and Animal

Ethics approvals: CA 2009/06/360, CA 2011/10/549 (Department of Pri-

mary Industries and Fisheries) and DEEDI/443/11 (The University of

Queensland). We thank Joe Scanlan and two anonymous referees for com-

ments that improved the manuscript.

References

Bengsen, A. J., Gentle, M. N., Mitchell, J. L., Pearson, H. E., and Saunders,

G. R. (2014). Impacts and management of wild pigs Sus scrofa in

Australia. Mammal Review 44, 135–147. doi:10.1111/MAM.12011

Choquenot, D., McIlroy, J., and Korn, T. (1996). ‘Managing Vertebrate

Pests: Feral Pigs.’ (Bureau of Resource Sciences: Canberra.)

Christensen, P. E. S., Ward, B. G., and Sims, C. (2013). Predicting bait

uptake by feral cats, Felis catus, in semi-arid environments. Ecological

Management & Restoration 14, 47–53. doi:10.1111/EMR.12025

Cowled,B.D., Gifford, E., Smith,M., Staples, L., andLapidge, S. J. (2006a).

Efficacy of manufactured PIGOUT� baits for localised control of feral

pigs in the semi-arid Queensland rangelands. Wildlife Research 33,

427–437. doi:10.1071/WR05083

Cowled, B. D., Lapidge, S. J., Smith, M., and Staples, L. (2006b). Attrac-

tiveness of a novel omnivore bait, PIGOUT�, to feral pigs (Sus scrofa)

and assessment of risks of bait uptake by non-target species. Wildlife

Research 33, 651–660. doi:10.1071/WR06054

Department of the Environment (2013). Threat abatement advice for

predation, habitat degradation, competition and disease transmission

by feral pigs. Department of the Environment, Canberra.

Fleming, P. J. S., and Parker, R.W. (1991). Temporal decline of 1080within

meat baits used for control of wild dogs in New South Wales. Wildlife

Research 18, 729–740. doi:10.1071/WR9910729

Gentle, M., and Pople, A. (2013). Effectiveness of commercial harvesting

in controlling feral pig populations. Wildlife Research 40, 459–469.

doi:10.1071/WR13100

Gentle, M., Massei, G., and Quy, R. (2006). Diversity of diet influences the

persistence of conditioned taste aversion in rats. Applied Animal Behav-

iour Science 97, 303–311. doi:10.1016/J.APPLANIM.2005.08.005

Gentle, M., Speed, J., and Pople, T. (2014). Impacts on nontarget avian

species from aerial meat baiting for feral pigs. Ecological

Management & Restoration 15, 222–230. doi:10.1111/EMR.12132

Gong, W., Sinden, J., Braysher, M., and Jones, R. (2009). ‘The Economic

Impacts of Vertebrate Pests in Australia.’ (Invasive Animals Coopera-

tive Research Centre: Canberra.)

Hartley, L., Waas, J., O’Connor, C., and Matthews, L. (2000). Colour

preferences and coloured bait consumption by wekaGallirallus australis,

an endemic New Zealand rail. Biological Conservation 93, 255–263.

doi:10.1016/S0006-3207(99)00143-3

Hone, J., Bryant, H., Nicholls, P., Atkinson, W., and Kleba, R. (1985). The

acceptance of dyed grain by feral pigs and birds. III. Comparison of

intakes of dyed and undyed grain by feral pigs and birds in pig-proof

paddocks. Australian Wildlife Research 12, 447–454. doi:10.1071/

WR9850447

Jongman, E., Selby, E., Barnett, J., Fisher, P., and Temby, I. (2000). Feeding

preferences in captive corellas for green-dyed and plain oats.Corella 24,

62–64.

Non-target species interaction with meat bait for feral pigs Pacific Conservation Biology 161

http://dx.doi.org/10.1111/MAM.12011
http://dx.doi.org/10.1111/EMR.12025
http://dx.doi.org/10.1071/WR05083
http://dx.doi.org/10.1071/WR06054
http://dx.doi.org/10.1071/WR9910729
http://dx.doi.org/10.1071/WR13100
http://dx.doi.org/10.1016/J.APPLANIM.2005.08.005
http://dx.doi.org/10.1111/EMR.12132
http://dx.doi.org/10.1016/S0006-3207(99)00143-3
http://dx.doi.org/10.1071/WR9850447
http://dx.doi.org/10.1071/WR9850447


Kleba, R., Hone, J., andRobards, G. (1985). The acceptance of dyed grain by

feral pigs and birds. II. Penned feral pigs. Australian Wildlife Research

12, 51–55. doi:10.1071/WR9850051

Long, J. (2003). ‘Introduced Mammals of the World: Their History,

Distribution, and Influence.’ (CSIRO Publishing: Melbourne.)

McIlroy, J. C. (1983). The sensitivity of Australian animals to 1080 poison.

V. The sensitivity of feral pigs, Sus scrofa, to 1080 and its implications

for poisoning campaigns. Wildlife Research 10, 139–148. doi:10.1071/

WR9830139

McIlroy, J. C. (1984). The sensitivity of Australian animals to 1080 poison.

VII. Native and introduced Birds. Wildlife Research 11, 373–385.

doi:10.1071/WR9840373

Saunders, G., Kay, B., and McLeod, L. (1999). Caching of baits by foxes

(Vulpes vulpes) on agricultural lands. Wildlife Research 26, 335–340.

doi:10.1071/WR98056

Thomson, P., and Kok, N. E. (2002). The fate of dried meat baits laid for fox

control: the effects of bait presentation on take by foxes and non-target

species, and on caching by foxes. Wildlife Research 29, 371–377.

doi:10.1071/WR01098

Twigg, L. E., Eldridge, S. R., Edwards, G. P., Shakeshaft, B. J., de Preu,

N. D., and Adams, N. (2000). The longevity and efficacy of 1080 meat

baits used for dingo control in central Australia. Wildlife Research 27,

473–481. doi:10.1071/WR99044

Twigg, L. E., Kok, N. E., Kirkpatrick, W. E., and Burrow, G. (2001). The

longevity of 1080 egg-baits in a regularly baited nature reserve in south-

western Australia. Wildlife Research 28, 607–618. doi:10.1071/

WR00095

Woodford, L. P., Robley, A., Maloney, P., and Reside, J. (2012). The impact

of 1080 bait removal by lace monitors (Varanus varius) or a red fox

(Vulpes vulpes) control programme. Ecological Management & Resto-

ration 13, 306–308. doi:10.1111/J.1442-8903.2012.00665.X

www.publish.csiro.au/journals/pcb

162 Pacific Conservation Biology A. Millar et al.

http://dx.doi.org/10.1071/WR9850051
http://dx.doi.org/10.1071/WR9830139
http://dx.doi.org/10.1071/WR9830139
http://dx.doi.org/10.1071/WR9840373
http://dx.doi.org/10.1071/WR98056
http://dx.doi.org/10.1071/WR01098
http://dx.doi.org/10.1071/WR99044
http://dx.doi.org/10.1071/WR00095
http://dx.doi.org/10.1071/WR00095
http://dx.doi.org/10.1111/J.1442-8903.2012.00665.X

