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Abstract
Context. Capture–recapture sampling is one of the most commonly used methods for monitoring population

demographics and is needed in a wide variety of studies where repeat sampling of individuals is desired. Although

studies employing capture–recapture methods often assume unbiased sampling, it is well established that inherent capture
biases can occur with these methods, including those related to baits. Reducing sources of sampling bias and augmenting
recapture reliability is necessary for capture-dependent studies. However, few studies have examined the efficacy of baits
on individuals with variable capture experience.

Aims.To investigate the use of an attractant-augmented bait in enhancing capture–recapture probabilities for snowshoe
hares (Lepus americanus).

Methods.To examine the efficacy of different attractant-augmented bait types, a variety of baits were created, with bait

preference tested on a captive hare. Because a strawberry jam-based bait was preferentially consumed (in comparison with
other tested baits), the effectiveness of this attractant in enhancing capture–recapture rates was subsequently examined in
wild hares, using paired live-trapping field trials (n ¼ 6 trials).

Results.Live-trapping trials showed that although overall hare capture rates were not affected by the use of a jam-based
bait, recaptures were 33.1% higher in capture-naı̈ve individuals exposed to our attractant. This was not the case for hares
with prior capture experience; such hares had an equal likelihood of being recaptured regardless of the bait type used.

Conclusions. The tested attractant improved recapture rates of capture-naı̈ve hares.
Implications. Studies relying on high recapture rates should use methods that maximise recapture rates wherever

possible, including the use of baits that may augment recaptures in capture-naı̈ve animals.
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Introduction

Capture–recapture sampling is one of the most widely used

methods for monitoring population demographics (Nichols
1992), and is needed for a wide variety of studies in which repeat
sampling of individuals is desired (Butler et al. 2004; Thomas
et al. 2011). Many population estimators (e.g. Jolly–Seber,

Lincoln-Peterson) assume that captures are random, and there-
fore a population sample is unbiased (Smith et al. 1995).
However, it is well established that inherent capture biases can

occur, including those related to sex and age (Ream and Ream
1966; Smith et al. 1995), body mass (Rodda et al. 2007), con-
dition (Bisi et al. 2011), capture method (Ream and Ream 1966;

Bisi et al. 2011), encounter rates (Boulanger et al. 2004), season

of capture (Poole et al. 2001), personality (e.g. being trap-shy;
Biro and Dingemanse 2009) and bait types used (Grayson and

Roe 2007; Silva et al. 2012). Clearly, reducing sources of
sampling bias and augmenting the reliability of recaptures are
important in capture-dependent studies.

Bait type is one methodological choice that may introduce a

major source of live-trapping bias through unequal capture rates
(Grayson and Roe 2007; Silva et al. 2012). For example, more
attractive baits could potentially augment capture rates as a

function of bait novelty (Churchfield et al. 2000), or aid in the
detection of shy or near-satiated individuals (Grayson and Roe
2007; Bisi et al. 2011). In contrast, baits may also result in fewer

captures due to bait fidelity (Molsher 2001) or due to sampling
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bias towards the bold or hungry (Grayson and Roe 2007; Bisi
et al. 2011). Although there are a variety of factors that influence

bait effectiveness, it is clear that bait choice can impact capture–
recapture rates (Noyce et al. 2001). Bait adjustments, therefore,
are inherently valuable to capture-dependent studies despite the

potential for increased labour and cost (Thorn et al. 2009),
because they may augment capture–recapture rates, reduce
sampling effort and mitigate sampling biases (Grayson and

Roe 2007; Silva et al. 2012). However, these potential draw-
backs necessitate that bait effectiveness be tested before large-
scale implementation. Although appropriate baits have been
shown to mitigate capture bias in a variety of studies in wildlife

ecology (Howard et al. 2002; Grayson andRoe 2007; Silva et al.
2012), few studies have directly assessed the efficacy of baits on
the capture–recapture rates of individuals with variable capture

experience.
Snowshoe hares are a keystone species in the North Ameri-

can boreal ecosystem (Krebs et al. 2001), because they affect

not only the abundance and growth of herbaceous and woody
vegetation but also the population dynamics of the predator
community (Hodges et al. 2001). Long-term monitoring efforts

via live-trapping of hares have occurred for.40 years as part of
the Community Ecological Monitoring Program (CEMP) in the
Kluane Region, Yukon, Canada (CEMP 2016a). Because of
notably low capture–recapture rates during summer months

(June–August; M. Boudreau and J. Seguin, unpub. data), we
created an attractant-augmented bait designed to potentially
increase capture–recapture success in hares compared with the

conventional bait type, which had been in use since the project’s
inception. We predicted that this bait would result in: (1) a
higher number of overall captures; and (2) greater recapture

rates in new individuals that had not been previously captured in
live traps using the conventional bait.

Methods

Study site

Our study was conducted near Kluane Lake in the Shakwak
Trench in south-western Yukon, Canada in two study areas
located,5 km apart (hereafter referred to as ‘Chitty’ (60.9318N,
137.9698W) and ‘Sulfur’ (60.9548N, 138.0458W)). The study
region receives,30 cm of precipitation annually, mostly as rain
during summer, and summer and winter (November–February)

temperatures average 128C and –178C respectively
(Environment Canada 2017). The region is dominated by white
spruce (Picea glauca), with a mixed understory of grey willow
(Salix glauca), bog birch (Betula glandulosa), soapberry

(Shepherdia canadensis) and other herbaceous plants (Krebs
et al. 2001). Regional land use includes mining and recreation
(Krebs et al. 2001), but anthropogenic disturbance at our sites

was minimal.

Bait selection

In June 2014 we created three baits, two with a strong odour as

the attractant and one with high sweetness.We used amixture of
rabbit chow, water, molasses and oats (see Bait recipe, available
as Supplementary material to this paper) as a base, and added

typical attractants previously used in other studies (see Schlexer
2008), either almond extract, vanilla extract or strawberry jam.

An adult hare being held in captivity for a concurrent study
(University of Toronto protocol 20010858) was simultaneously
offered the three baits and natural willow browse as part of its

daily feeding regime and observed via GoPro camera to see
which bait was chosen first. In the single trial performed, the
hare ate the jam-based bait within 1 min of it being offered and
then switched to eating natural willow browse; the other two bait

types were eaten only after the natural browse had been con-
sumed. Although we recognise the limited sample size of the
initial captive trial, the preference shown for the jam-based bait

dictated its use in our comparison with conventional bait in
subsequent field trials.

Field trials

In September 2015, after the height of the reproductive period,
we live-trapped snowshoe hares at both study sites over the
course of 3 days. Each area consisted of eight lines (n¼ 4 pairs;

Fig. 1) of 10 live traps (Tomahawk Live Trap Co., Tomahawk,
WI, USA). Paired lines were spaced 30 m from each other, and
150 m from another pair (Fig. 1). On each pair, one of the lines
was baited with the conventional bait (two alfalfa cubes and a

handful of commercial rabbit chow; CEMP 2016b), and the
other was baited with the jam-based bait (Fig. 1). All live traps
also received a slice of apple, which provides hydration for

hares when captured and is consistent with the trapping pro-
tocol for the region (CEMP 2016b). We pre-baited the traps
with apple and their respective baits for 3 days before trapping

sessions began.
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Fig. 1. Paired lines associated with live-trapping field trials. Lines with

traps in dark grey received conventional bait and lineswith traps in light grey

received jam-based bait. Spacings between letters and numbers are 30 m.
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During trapping sessions, live traps were set at 2000 hours
and checked at 0600 hours (CEMP 2016b). On checking traps,

non-consumption of bait was noted, and hares that had not been
previously captured and tagged received an ear-tag (National
Band and TagCo., Newport, KY,USA). Live-trapping and hare-

handling procedures followed established guidelines (Sikes
et al. 2011) and were approved by the University of British
Columbia (protocol A13-0136).

Statistical analysis

Capture probability estimates were calculated for each study
area using the equation:

p̂ ¼ n=tN ;

where p̂ is the probability of capture, n is the total captures in a
trapping period, t is the trapping period in days, and N is the

population estimate using a population estimator (Boulanger
1993). Population estimates (N) were calculated for both study
sites using a Jackknife estimator in the program CAPTURE (per

Krebs et al. 2011). Of the 101 total hares captured, hares with a
history of trap fidelity (i.e., a hare that always came back to the
same live traps) were not included in our results because they
were unlikely to participate in bait choices (n¼ 3). Hares newly

captured on the third day of live-trapping were also excluded
because they had no chance of recapture (n¼ 20).We examined
the likelihood of baits being consumed and the influence of bait

on recapture : non-recapture rates for all hares, previously cen-
sused (tagged) and not (untagged), using chi-square tests. Effect
sizes were calculated as odds ratios and all analyses were

conducted in R ver. 3.4.1 (R Core Team 2017).

Results

In total, we recorded 140 hare captures over the course of our
trapping sessions on both sites. Of the hares captured, we had 32
(23 F, 9 M) and 46 (23 F, 23 M) hares on Chitty and Sulfur

respectively. Adult hares comprised 56.4% and young of the
year comprised 42.3% of the captured population. Untagged
individuals comprised 52.5% of all hares captured, with 11 and

30 individuals being adults and young of the year respectively.
Capture probabilities were similar between trapping areas
(Chitty, p̂ ¼ 0:179; Sulfur, p̂ ¼ 0:184), and both baits had an
equal likelihood of being eaten by hares (OR¼ 0.68, x2¼ 0.29,

P¼ 0.59). Overall, of the 140 capture events, number of captures

was not higher for the jam-based bait, with only 37.8% of all
captures coming from this bait type.

Of the hares previously censused, 29.7% were initially
captured with the conventional bait and 27.0% were initially
captured with the jam-based bait (Table 1). Of the untagged

hares, 19.5% and 22.0% were initially captured with the con-
ventional and jam-based bait respectively (Table 1). We found
no effect of the bait present at the initial capture on recapture
rates of previously tagged hares (OR ¼ 0.86, x2 ¼ 0.05,

P ¼ 0.82; Table 1). In contrast, new hares showed a higher
recapture rate when they were first captured with jam-based
(60.0%) rather than the conventional (26.9%) bait (OR ¼ 4.07,

x2 ¼ 4.37, P ¼ 0.037; Table 1).

Discussion

Our live-trapping trials revealed that although our overall
capture rates were not increased by the jam-based bait, among

new hares, those initially caught with the jam attractant were
more likely to be recaptured. This differs from hares captured
before our experiment (identified by existing ear tags), who had
an equal likelihood of being recaptured regardless of the bait

type used. Our results show that the probability of recapture is
already higher for previously tagged animals (i.e., 56.8% in
previously tagged versus 39.0% untagged; Table 1). Such

individuals may be either habituated to live-trapping, or have
bold personalities and thus be less affected by the experience
(Grayson and Roe 2007; Bisi et al. 2011), and therefore not

be influenced as readily by alternative baits. In capture-naı̈ve
individuals, however, trap habituationmay be facilitated by the
attractant because it may provide stronger incentive for capture
than would conventional means. Thus, it is possible that an

animal’s prior experience with the reward informs its decision
to enter in subsequent capture sessions.

Strawberry jam seems to be an effective attractant for hares.

Attractants (whether they be baits or scent, sound or visual lures;
Schlexer 2008) have been used in wildlife ecology studies to
augment capture or visitation rates across a variety of taxa (e.g.

mammals, Schlexer 2008; birds, Castro et al. 2003; insects,
Mashaly et al. 2013). Although evidence of bait preference from
our initial captive trial was limited (i.e., only one hare), our field

trial indicates that there is some benefit to the jam attractant.
Strawberry jam-based baits are not uncommon and have been
used to augment capture rates of a variety of mammalian species
(e.g. mustelids, Sullivan et al. 2017; rodents, Witt 1991; pri-

mates, Evans et al. 2015; procyonids, Wehtje 2009). There is

Table 1. Number of recaptures on the subsequent daywhen the first capture was either a conventional bait or a jam-based bait

for previously untagged hares and hares tagged in previous censuses

Variable Untagged hares, n¼ 41 Hares tagged in previous censuses, n¼ 37

n % n %

Conventional bait

Recaptured 7 19.5 11 29.7

Not recaptured 19 43.9 9 24.3

Jam-based bait

Recaptured 9 22.0 10 27.0

Not recaptured 6 14.6 7 18.9
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therefore precedence in mammals for this type of bait prefer-
ence, and it is reasonable that lagomorphs would also have a

similar tendency (Williams et al. 1986). We thus advocate that
this type of attractant be employed in future trapping efforts,
particularly with lagomorphs, to augment recapture rates in

capture-naı̈ve individuals.
Study designs requiring individual time-series data are

dependent upon a high level of recapture probability in order

to facilitate repeated measures (Williams et al. 2016). For
example, unit retrieval is often required for studies using GPS
or biologging technology (Ropert-Coudert and Wilson 2005;
Thomas et al. 2011). Also, some techniques require recapture of

given individuals at specific times (e.g. field metabolic rate;
Butler et al. 2004), and studies that examine temporal compar-
isons (Wilmers et al. 2015), or aspects of demography (Messier

1991) may all require high recapture rates. Additionally,
increased likelihood of individual recapture is critical for
capture–mark–recapture methods, because increased sampling

effort in resampling increases the precision of population
estimates (Mahoney et al. 1998). Despite arguments that
increased trapping efforts are costly (Bradley and Wilmshurst

2005; Sharma et al. 2010), we argue that the mitigation of
trapping bias through alternative methods is worthy of explora-
tion. Indeed, if recapture rates can be increased without greater
expense or person-hours by simply employing more effective

baits, such methods should be employed whenever possible.

Conclusion

We conclude that effective attractants can be used to augment
recapture rates. Our results demonstrate how the addition of an
inexpensive and readily available attractant – strawberry jam –

to conventionally used bait can allow for higher recapture rates
of individuals with no prior capture experience. We thus advo-
cate for capture-dependent studies to make efforts to prelim-

inarily test bait effectiveness, and to deploy effective attractants
when high capture–recapture rates are desired.
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