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Abstract Harvesting of wildlife by humans is com-
monly known to impact target species’ demography,
life history and behaviour. Yet in the context of
invasive and pest species control, behavioural shifts
have received very little attention. The introduced
common myna, Acridotheres tristis, is undergoing
intensive control efforts in some areas of its Australian
distribution. In order to investigate whether myna
populations respond to harvesting, we compared the
behaviour of free-ranging common mynas in areas of
high and low trapping pressure. Behavioural analyses
revealed that mynas in high trapping risk areas stayed
closer to refuges, tended to form smaller groups, and
were overall less detectable. Behavioural differences
between high and lowly trapped areas were not
attributable to variation in population density. Overall,
these results are consistent with the hypothesis that
common mynas have the potential to adjust their
behaviour in response to heightened anthropic risk in
the environment. Behavioural shifts in invasive alien
species could modify their ecological impact and may
interfere not only with the effectiveness of control
measures, but also with how their effectiveness is
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assessed. Future research should aim to isolate
behavioural mechanisms underpinning compensatory
responses to control so that any potential effects can be
mitigated.
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Introduction

Whether in the context of consumption, recreation,
science, or control, humans often collect individuals
from populations of wild animals. This wildlife
harvesting has the potential to elicit changes in a
large range of traits of the target species. For example,
fishing and hunting have been shown to shape the
morphology and life-history of targeted species
(Coltman et al. 2003; Kuparinen and Merild 2007;
Fenberg and Roy 2008; Pigeon et al. 2016; Sullivan
et al. 2017). Wildlife harvesting can also influence the
behaviour of prey. In many species, prey populations
become more risk averse during periods of high
human predation (Arlinghaus et al. 2016). For
instance, brown bears (Ursus arctos) change their
activity patterns to be more nocturnal during the
hunting season (Ordiz et al. 2012), and some fish
species are more avoidant of fishing gear in areas that
support a high pressure of recreational angling (Alds
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et al. 2014). Such behavioural adjustments may be a
result of evolutionary processes, whereby harvesting
systematically selects animals on heritable behavioural
traits (e.g. boldness), or may result from processes
related to phenotypic plasticity, such as learning.
While the mechanisms responsible for these changes
remain poorly understood, some species have clearly
been shown to adjust their behaviour in ways that
reduce the likelihood of human harvesting.

The capacity of targeted species to reduce human
harvesting risk has far reaching implications for
management of alien and pest species. While theoret-
ical and applied research in this field has typically
adopted a demographic focus, behavioral effects have
recently emerged as a key consideration (Coté et al.
2014; Le Saout et al. 2014). Because eradication is
seldom achievable outside of islands, alien and pest
populations are often managed over the long-term,
leaving considerable evolutionary and ontogenetic
time for behavioural changes to arise. Beyond the
possibility that behavioural change might reduce the
effectiveness of species management, there is also
scope for these changes to modify, for better or for
worse, the species’ ecological impact(s). The case of
lionfish (Pterois volitans) is particularly telling: pop-
ulations undergoing culling efforts modify their
behaviour as well are their temporal and spatial
distribution in such that a way that, not only are they
less susceptible to control, they may also threaten
more native species (Coté et al. 2014). Quantifying
population behavioural change in targeted pest species
is of paramount importance to strategic planning and
management.

Equipment used for wildlife harvesting and species
management do not resemble prey species’ natural
predators in either morphology or behaviour. This is
particularly true for passive techniques (e.g. trapping,
recreational fishing), which have few equivalents in
the natural world outside, perhaps, of arthropod trap-
like structures and certain sit-and-wait predators.
Hence to recognize harvesting equipment as present-
ing a threat, most animals will not be able to rely on
“archetype recognition” and “recoverable tem-
plates”, but may instead need to rely on mechanisms
that allow for rapid change such as learning, pheno-
typic plasticity and rapid evolution (Carthey and
Blumstein 2018).

Regardless of the mechanism behind the develop-
ment of equipment recognition per se, we argue based
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on the literature on responses to human harvesting,
some of which we have outlined above, that the
presence of novel anthropic threats in the environment
is likely to affect the target species’ perceived level of
environmental risk and to alter its behaviour (Lima
and Dill 1990). This is particularly so for those threats
that are associated with a rich array of acoustic and
visual stimuli that are, contrary to the equipment per
se, likely to be recognized evolutionarily and ontoge-
netically as threat-relevant cues, such as dead or
fearful conspecifics, and alarm signals.

The common myna (Acridotheres tristis) is a highly
successful invader (Lowe et al. 2000; Peacock et al.
2007). In Australia, following evidence that they
compete with native secondary cavity-nesting species
(Pell and Tidemann 1997; Grarock et al. 2012), mynas
have become the target of significant trap-and-cull
efforts in some areas of their distribution. In the light
of numerous anecdotal reports of emerging trap
shyness, as well as a small-scale analysis indicating
that abundances remain stable while trapping success
declines in heavily trapped Canberra suburbs (King
2010), we undertook a large-scale comparative study
of risk-taking behaviour in mynas.

The aim of this study was to investigate whether
mynas show population-level changes in behaviour in
the presence of harvesting. In doing so, we assumed
that mynas are capable of perceiving and responding
to a novel anthropic threat in their environment. Even
though walk-in baited traps (the most widely used trap
in Australia) per se lack morphological and beha-
vioural similarity with mynas’ natural predators (e.g.
hawks, cats), trapping activities, particularly when
humans interact with trapped birds, are often accom-
panied by a rich array of threat-relevant cues to which
mynas respond to, and learn from, including fearful
conspecifics and alarm calls. For example, we have
previously shown that pairing of humans and con-
specific fear responses triggers place avoidance
learning in mynas (Griffin and Boyce 2009; Griffin
et al. 2010; Griffin and Haythorpe 2011). We have also
shown that mynas become more wary of objects
associated with conspecific alarm calls (Griffin
2008, 2009). Hence, we argue that it is reasonable to
assume that mynas have some capacity to perceive
environments where they encounter trapping activities
as more risky.

After locating zones in which mynas were under-
going different trapping pressures, we compared a
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range of behavioral variables between highly and
lowly harvested areas. The literature on animal
responses to trapping is scarce. Hence, rather than
drawing upon intuitions to speculate which behaviours
might change, and therefore which behaviours should
be measured, we developed predictions based on
studies of prey responses to risk available in the
wildlife-harvesting and the large, classical anti-preda-
tor literatures. While traps are very different from
mynas’ historical and current predators, the anti-
predator literature is the richest available source of
information about how animals respond to increased
threat levels. Additionally, it is less parsimonious to
predict that completely new responses will emerge
when faced with a novel threat; rather, existing
responses, those that have been shaped by natural
predators, are likely to be generalized to new contexts,
particularly when those contexts contain familiar
threat-relevant cues, such as dead and fearful con-
specifics (Griffin et al. 2000, 2001). It is important to
note that we make no assumption as to whether any of
the predicted behavioural changes are adaptive in the
face of trapping, as this will depend upon the
mechanism by which the changes arise, and the time
course of change. These were not aspects our study
was designed to investigate (see “Discussion”
section).

First, we predicted changes to several generalized
risk-relevant behaviours. We predicted that mynas in
risky areas would form larger groups as expected from
the collective detection and risk-dilution hypotheses
(Krause and Ruxton 2002). We also predicted that
mynas in risky areas would become less
detectable (King 2010; Coté et al. 2014) and spend
less time foraging away from refuges (Slotow and
Coumi 2000; Caro 2005). Second, we predicted
several behavioural changes more specific to the
present threat. We expected mynas in heavily trapped
areas to be less active, a behaviour that has been
suggested to reduce chances of encounter with passive
capture devices (Alos et al. 2012). We also expected
these mynas to be more responsive to conspecific
distress calls (Griffin 2008). Abundance was estimated
in each sampled area to determine to what extent
differences in population density might explain the
observed differences in behaviour.

Materials and methods
Sampling strategy

Behavioural sampling of myna populations was
undertaken from June 2012 to October 2012 in the
coastal “larger Sydney” region in New South Wales
(NSW) and in the inland “larger Canberra” region in
the Australian Capital Territory (ACT), in Australia
(Appendix 1.1 of Electronic Supplementary Material).

Trapping pressure estimates were drawn from a
prior survey of trapping activities in local administra-
tive units (i.e. localities) across the entire NSW and
ACT distribution of the common myna (Appendix
1.2). The returned questionnaires provided data on the
number of common mynas captured per year of
trapping activity, which was then divided by the
number of units of 1000 inhabitants (a unit we will
refer to as khab from hereon after) in the locality to
obtain a trapping pressure index (Appendix 1.3).
Considering this index was based on self-reported
levels of trapping activity, we allocated them to coarse
categories in order to account for potential uncertainty
and error: a threshold of 10 mynas per year per khab
was determined as a cut-off point between low and
high trapping pressure.

Four localities with high trapping pressure and five
localities with low trapping pressure were selected
across both regions. Within each locality, several
sampling areas (SAs) of 2 x 2 km were placed in such
a way that their surface was covered mostly by
suburban habitat and contained no more than 15% of
bushland and parkland in total. The number of SAs in a
locality depended on its surface, with more SAs in
larger localities (mean 3.5, range 2-5). A total of
32 SAs were sampled in this study, 15 in high trapping
pressure localities and 17 within low trapping pressure
localities (Appendix 1.4).

Point-count and transect methodology

We undertook surveys to estimate common myna
abundance in each SA. We chose to perform point-
counts as to better account for potential variation in
conspicuousness (Bibby et al. 1998). Eight point
counts took place in each SA: one was arbitrarily set in
commercial habitat (in which mynas often congre-
gate), and the seven other locations were randomly
selected. Point-counts plots consisted of 50-m radius
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areas and were always separated by a distance of at
least 300 m. The surveys were conducted during the
3-h period prior to sunset, and lasted 5 min. All birds
seen within or beyond the 50-m plot edge, were
recorded except those flying high overhead. If any
doubt as to whether a bird had already been counted, it
was excluded.

Distance to the experimenter was measured by
locating birds on maps marked with five concentric
circles of 10, 20, 30, 40 and 50 m radii. Birds outside
of the 50-m boundary were noted as “beyond 50 m”.
For the purpose of the analysis, an arbitrary maximum
distance of 100 m at which birds could be seen was
selected. Observers remained in the 10-m central zone
during the entire duration of the point-count.

In addition to point-counts, transects were under-
taken. In each SA, within 4 h from sunrise, on the
morning after the point-counts took place, the
observers walked through the SA at a constant slow
pace, looking for mynas without following a prede-
fined path. The main goal of these transects was to
sight as many mynas as possible so that their
behaviour could be sampled. Hence, transect path
and location were selected based on daily information
collected during and in-between point-counts and with
the goal of maximizing the likelihood of encountering
mynas.

The path walked during each transect was recorded
on a map in order to measure the distance walked. All
mynas sighted within 25 m from the observers were
recorded, creating a 50 m-wide transect. The combi-
nation of transect width and length allowed the surface
surveyed to be calculated (average surface surveyed
per SA 37 ha £ 1.20SE, approximately 9% of the
total SA surface). The observers never walked twice in
the same place and recorded all mynas sighted in a
way that minimized the number of birds that were
counted twice.

For each point-count plot, the percentage covered
by each of three land use categories (parkland,
residential, urban, see Appendix 1.5) was determined
by eye from satellite images (Google Earth™). The
category that covered the greatest proportion of the
plot area was used to characterize its habitat.

Temperature was recorded once at the beginning of
every point-count and every hour during transects.
Surveys were only carried out in clement weather,
avoiding high winds and rain. The 5-month period
over which the fieldwork was conducted was divided
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into two seasons: winter (June—August) and spring
(September—October). Overall this distinction corre-
sponds to the non-breeding (winter) and the beginning
of the breeding season (spring) of mynas.

Behavioral observations
General behaviour

All mynas sighted, whether individually or in groups,
whether during point-counts or transects, were
counted as an ‘observation’. These observations were
considered to be independent because the sampling
strategy reduced the likelihood of repeated sampling
of individuals. For each observation, we noted:

e the size of the group (number of mynas within
10 m of each other during at least 30 s),

e whether the group was close to a refuge (i.e. if the
center of the group was less than 2 m away from
either a perching point or cover),

e and its activity (five mutually exclusive categories:
calling, foraging, walking, flying, standing still).

Responsiveness to social signals of predation risk

Responsiveness to social risk signals was assessed by
measuring the mynas’ responses to distress call
playbacks. Distress calls are high amplitude, broad-
band vocalizations that are produced by small birds in
response to seizure by a predator, including humans
and are indicative of high predation risk (Conover
1994). Under free-ranging conditions, common mynas
respond to distress call playbacks by approaching the
source of the sound (Griffin 2008).

Each playback was flanked by two 5-min point-
counts (see procedure above). Specifically, once an
initial 5-min point-count period was over (pre-play-
back survey), the observers initiated a second point-
count from the same position (post-playback survey).
The post-playback survey followed exactly the same
protocol as the pre-playback survey except that it
began with a 1-min distress call playback (Appendix
1.6) and observers noted whether the groups of mynas
present responded to the playback. Responses were
defined as any abrupt change in activity following the
onset of the playback. The function of this type of call
is open for debate (Conover 1994). Therefore, we
included different behaviours as responses (i.e.
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approaching the speaker, flying to a high perching
point and freezing). As long as one individual in the
group responded, the group was considered to have
responded to the playback. Myna responses were
recorded as soon as the 1-min playback began and for
4 min after it ended. In this way, pre-playback and
post-playback surveys had the same duration.

Detectability

Non-random selection of transects in order to maxi-
mize the number of mynas encountered had for
consequence that we expected abundance estimates
based on transects to be greater than those obtained
from point-counts. However, we predicted that this
level of inflation would vary across SAs as a function
of the trapping pressure experienced by birds. Indeed,
Bibby and co-authors (1998) state that point-counts
are more likely to lead to the detection of cryptic birds,
while transects on the other hand, are, more likely to
lead to more sightings simply due to sampling a larger
area, making them better suited to counting conspic-
uous birds. These considerations suggest that if our
transects led to an inflation of myna densities
compared to point-counts, then this inflation should
be more important where birds were most conspicu-
ous. Based on the hypothesis that trapping pressure
causes mynas to become shier, we made the following
prediction: in low trapping pressure SAs, where birds
should be conspicuous, transect density estimates
were expected to be much higher than those obtained
from point-counts. In contrast, in high trapping
pressure SAs, where mynas should be more discreet,
we expected abundance estimates based on transects
to be only slightly higher than those based on point-
counts.

In addition to conspicuousness, rarity of birds was
also expected to influence differences between tran-
sect and point-count density estimates. This is because
transects allow to search larger surfaces, so birds that
at very low density (i.e. rare) are more likely to be
encountered during transects than point-counts. Over-
all, we expected the difference between transect and
point count density estimates to be a function of an
interaction between trapping pressure and myna
density. Predictions regarding the extent to which we
expected transects to inflate density estimates in
comparison to point-counts under different trapping

Table 1 Predicted tendency of transects to inflate density
estimates relative to that found in point-counts, depending on
trapping pressure and relative density of common mynas

Trapping pressure Low High
Expected myna behaviour Conspicuous  Discreet
High density (birds are common)  Moderate Low"”
Low density (birds are rare) High* Moderate

“Predicted high inflation index indicates that density estimates
produced by transect surveys are expected to be much higher
than those produced by point-counts. This is expected to occur
when mynas are at low density and when they are conspicuous
(when trapping is risk is low)

°On the other hand, when mynas are discreet (as is expected
under high trapping pressure) and when they are at high
density, then, transects are expected to produce density
estimates that are only slightly higher than estimates from
point-counts (i.e. low inflation)

pressure and density scenarios are summarized in
Table 1.

Another approach to investigating differences in
detectability is to estimate the likelihood of seeing
birds in places where their presence can be established
with certainty. We took advantage of the fact that
common mynas are very vocal throughout the year
(Feare and Craig 1999) to ascertain that they were
present in the vicinity of a point-count plot. This then
allowed us to investigate the factors underpinning the
likelihood of visually detecting mynas in plots where
mynas had been detected acoustically and were
therefore known to be present. Mynas were heard in
97 out of 227 point-counts surveys (43%), while only
seen in 20% of plots. Auditory detections were hence
much more common than visual detections, which
validates the approach taken here, especially since
they were extremely few cases (n = 3) where mynas
were seen in plots in which they were not heard.

Analysis
Abundance estimates

In the present study, transects were performed in the
morning and point-counts in the afternoon. In analyses
that used abundance data from point-counts, time of
day was defined as “time to sunset”, where zero was
set at sunset. In analyses that used data from both
point-counts and transects, we expected time from the
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closest period of dark to be the most relevant
biological influence on myna behaviour. Mynas form
communal roosts during the night and periods with
large aggregations and high activity are often seen
before and after roosting. Hence, we defined “time-to-
dark”, which referred to time from sunrise in the
morning (zero set at sunrise), and time to sunset in the
afternoon (zero set at sunset).

Number of birds detected at each of the 253 point-
count plots was used to estimate abundance. We used a
zero-inflated model to account for the high proportion
of plots in which no birds were seen (80%). The
negative-binomial distribution was chosen over the
Poisson distribution because over-dispersion was
present over and above the zero-inflation. Zero-
inflated negative binomial GLMMs were fitted with
the R package glmmADMB package (Fournier et al.
2012). The initial model included trapping pressure,
region, the interaction of trapping pressure and region,
habitat, season, temperature and time to sunset. Non-
significant predictors were removed successively until
only significant predictors were left in order to obtain a
minimum adequate model (MAM). Because trapping
pressure was the key variable of interest in the present
work, it was always retained in the model regardless of
whether it was a significant predictor or not. We then
verified that this model was an improvement over
simpler and more complex models using likelihood
ratio statistic (Zuur et al. 2009).

The fully nested random-intercept structure of the
data collection (region/locality/SA) could not be used
because region had too few levels to be incorporated as
a random variable (N = 2). The (locality/SA) nested
structure elicited model failures when entered into the
model alongside the zero-inflation. For these reasons,
only locality was included as a random factor. It is
worth noting that SA explained very little of the
variance of the minimum adequate model without
zero-inflation (locality:SA variance = 2.33 x 107

+ 4.83 x 1075) and that the MAM revealed the
same significant predictors whether zero-inflation was
accounted for or not.

Detectability analysis
In each of the 32 SAs, 8 point-count surveys took
place. By considering only birds within the 50-m

point-count plot boundary, we calculated a density
estimate that could be compared to that obtained from
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transects. To evaluate to what extent transects inflated
density estimates found in point-counts, we calculated
an inflation index by extracting residuals from a linear
regression of the two density estimates (Appendix
1.7.a). In order to account for rarity, SAs with an
average point-count density of 0.5 mynas per hectare
or below were categorized as “low density”, while
those with higher densities were categorized as “high
density”. We tested whether the inflation indexes
differed by using an ANOVA including trapping
pressure and rarity as factors.

In order to compare visual and auditory detections,
we used only data from the initial (pre-playback)
point-counts. The subset of 97 plots where mynas were
heard was used to investigate the likelihood of seeing
mynas when mynas were heard. The likelihood of
seeing at least one myna was modeled using a
binomial GLMM with the Ime4 package (Bates et al.
2015) with a nested random-intercept structure (Lo-
cality/SA). Model selection was done through a
stepwise backward procedure for which the initial
model contained the following terms: trapping pres-
sure, region, the interaction of trapping pressure and
region, habitat, season, temperature and time to sunset.
Once again, trapping pressure was retained in the
model throughout the backward elimination process as
it constituted a key variable of interest.

General behaviour

To model the effects of trapping pressure on
behaviour, we used a stepwise backward model
selection procedure, retaining the key variable of
interest, namely trapping pressure, throughout the
process. Other predictor variables included in the
initial full-model were: region, the interaction of
trapping pressure and region, survey type, season, time
to dark and abundance, as well a nested random-
intercept effect (locality/SA). Temperature caused
collinearity issues with season, region and survey type,
and hence could not be included as a factor in the full
model. The abundance estimate used in these models
was calculated by averaging the number of birds seen
inside each point-count plot across that SA.

Group size was analyzed using a zero-truncated
negative binomial GLMM with the glmmADMB
package (Fournier et al. 2012). Likelihood of birds
being close to a refuge was analyzed by fitting a
binomial GLMM (LME4 package). Activity was
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analyzed using a multinomial log-linear model with
the five activity categories as the outcome variable
with the “standing still” category as the reference
category. This was done with the nnet package
(Venables and Ripley 2002) following the method
suggested by Agresti (2002). The initial model
contained all factors listed above except the interac-
tion term. A follow-up Wald test was then performed
to identify more precisely which activities were
affected by the significant factors.

Responsiveness to social signals of predation risk

Comparison of the number of birds seen during point-
counts before and after the playback was undertaken
following the same methodology as described for
abundance. The data from the pre-playback and post-
playback point-counts were combined such that each
plot had two counts which required the addition of a
random factor to account for repeated measures on the
same point-count plot. The full random structure
(locality/SA/plot) was used in this model. A variable
called “stage” which referred to whether the count
took place before or after the playback was added to
investigate whether the playback significantly influ-
enced the number of birds seen.

The likelihood of myna groups responding to
distress call playbacks was analyzed using a binomial
GLMM. The initial model included trapping pressure,
region, the interaction of trapping pressure and region,
time to sunset, temperature, distance to the

experimenter (median of distance bin) and group size.
The nested random-intercept structure (locality/SA)
was included.

All analyses were undertaken using R version 3.2.2
(R Core Team 2015).

Ethical statement

All work was approved by a New South Wales
National Parks scientific license #12304 and an
Australian Capital Territory animal use research
license granted to Andrea Griffin in September 2011.
In addition, all protocols were approved by the
University of Newcastle Animal Ethics Committee
(protocol #A-2011-129).

Results
Abundance

Point-count surveys were performed in the afternoon,
and the number of mynas detected increased as sunset
approached which may reflect the tendency of mynas
to congregate before roosting for the night (Table 2).
More birds were seen in the Sydney region (mean =
1.23 &+ 0.26SE birds per plot) than in the Canberra
region (mean = 0.41 + 0.10SE birds per plot) and
less birds were seen in highly modified urban habitats
than residential ones (Table 2). Trapping pressure of
localities did not predict abundance (Table 2).

Table 2 Parameter estimates from minimal adequate zero-inflated negative binomial mixed model of the number of mynas seen per

point-count

Fixed coefficients Estimate SE z-value p
(Intercept) 1.383 0.450 3.075 0.002
Trapping pressure (low)* 0.381 0.301 1.267 0.205
Region (Sydney)* 0.590 0.292 2.017 0.044
Habitat (Park)” — 0.649 0.482 — 1.346 0.178
Habitat (Urban)® — 0.794 0.383 — 2.071 0.038
Time to sunset — 0.584 0.175 — 3.330 0.001
Random effects Variance SD

Locality 2.061 x 107° 2219 x 107#

*Categorical variables in the table are compared to a reference category, region: Canberra, trapping pressure: high, habitat:
residential. When a variable contains more than two categories, all are compared to the same reference category
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Detectability

Density estimates from point-counts and transects
were significantly but not highly correlated (Pearson’s
r = 0.51, p = 0.03). In line with our predictions, we
found that transects had higher estimates (mean =
1.27 £ 0.19SE bird per ha) than point-counts
(mean = 0.66 £ 0.12SE bird per ha) (ANOVA,
F(1,62) = 7.52, p = 0.008). We found that low trap-
ping pressure areas tended to have larger inflation
indexes than high trapping pressure areas (Appendix
1.7.b). This difference fell just short of significance,
however (two-way ANOVA, F(1,29) =3.71,
p = 0.064). Based on the assumption that transects
have a reduced tendency to inflate density estimates
relative to point-counts in areas where mynas are
discreet, this result suggests that there is a trend for
mynas in high trapping areas to be less conspicuous
than their conspecifics living in low trapping areas.
Although it was expected that transects would allow
observers to see more birds in areas with low densities,
this was not supported by the data: high and low
density areas did not differ in their inflation indexes
(two-way ANOVA, F(1,29) = 1.12, p = 0.299).
Trapping pressure was not a significant predictor of
the likelihood of seeing mynas in plots where they
were heard (binomial GLMM, estimateoy pressure-
= 0.577 £ 0.463SE, p = 0.212, see Appendix 2.1).
However, the likelihood of detecting mynas visually in
plots where mynas were heard was higher in the
Sydney region than in the Canberra region (binomial
GLMM, estimategygney = 1.352 £ 0.438SE,
p = 0.002). This indicates either that mynas in these
two regions differ in their behaviour such that they are

more likely to be seen in Sydney than in Canberra, or
alternatively that the two regions differ in some aspect
that makes mynas easier to see in Sydney than in
Canberra.

Behavioral observations

The number of individuals within groups varied
substantially (mean 1.86, range 1-18) over the 914
observations that were made during this study. How-
ever, the majority of groups consisted of one or two
individuals (n = 794, 87%). Group size was on
average smaller in spring than in winter (Table 3,
Fig. 1) and observations of larger groups were made
more often at times closer to dark (early in the morning
and late in the evening). There was also a strong trend
for smaller groups under high trapping pressure
(Table 3).

In accordance with our predictions, tendency to be
close to a refuge was higher in areas under high
trapping pressure, and this was particularly true in
Canberra as suggested by the significant interaction
(Table 4).

Of all five possible activities, standing still was the
most common activity category recorded (N = 301/
891). When determining which factors predicted the
probability of mynas of engaging in an alternative
activity to standing still, group size, region, season and
trapping pressure remained in the minimum model
while survey type, abundance and time to dark did not.
Predictors of whether mynas were more likely to be
observed moving, vocalizing, foraging or flying than
standing (baseline category) are indicated in Table 5.
In line with a large literature on group size effects on

Table 3 Parameter estimates from minimum adequate zero-truncated negative-binomial mixed model on the number of individuals

in a group

Fixed effects Estimate SE z-value p
(Intercept) — 0.543 0.206 — 2.638 0.008
Trapping pressure (low)* 0.322 0.165 1.950 0.051
Season (winter)* 0.588 0.158 3.722 < 0.001
Time to dark — 0.159 0.063 — 2.537 0.011
Random effects Variance SD

Locality:SA 0.083 0.288

Locality 8.66 x 107° 931 x 107°

dCategorical variables are compared to reference category which is not indicated above. Trapping pressure: high, season: spring
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Fig. 1 Mean group size 3.0
observed among mynas in
high and low trapping
pressure environments as a
function of season, with 25
spring in white and winter in w
dark grey. Numbers above n
bars indicate sample size L
indi ple siz ¥ 20
©
N
(2]
%‘ 127
> 1.5
©
o)
o
g
< 10
0.5
0.0

High trapping

Table 4 Parameter estimates from minimum adequate bino-

mial mixed model on the likelihood of mynas of being close to
a refuge. A bird was considered close to a refuge when it was

Low trapping

less than 2 m away from either a perching point (at least 2 m-
high), or cover (such as a dense bush)

Fixed effects Estimate SE z-value p
(Intercept) 1.660 0.227 7.299 < 0.001
Trapping pressure (low) — 0.816 0.279 — 2925 0.003
Region (Sydney)* —0.773 0.303 — 2.547 0.011
Trapping pressure: region 0.758 0.359 2.112 0.035
Random effects Variance SD

Locality:SA 3.88 x 10719 6.23 x 1078

Locality 0.00 0.00

Categorical variables are compared to reference category which is not indicated above. Region: Canberra, trapping pressure: high

foraging, mynas in larger groups were significantly
more likely to be observed foraging relative to
standing still (Table 5). Moreover, vocalizations were
less common during winter, outside the breeding
season (Table 5). Trapping pressure influenced activ-
ity of mynas such that mynas were significantly less
likely to be engaging in locomotion under low rather
than high trapping pressure (Table 5).

Response to distress calls

While the sound of myna distress calls increased the
number of mynas detected (see Table 3 of Appendix

2.2), stage was not a significant predictor of the
number of birds seen (negative binomial GLMM with
zero inflation, estimatey,,. = 0.063 £ 0.154SE,
p = 0.69). Instead, factors predicting the number of
birds seen in point-counts (Table 2 of Appendix 2.2)
were the same than when only pre-playback counts
were considered (Table 2).

Of 107 observations of groups or individual mynas,
56 responded to the sound of myna distress calls. Only
the distance to the observer was shown to predict
likelihood of mynas responding to the playback
(Fig. 2, binomial GLMM,
= — 0.048 £ 0.011SE, p <0.01,

CStimatedistancef
Table 4 of
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Table 5 Minimum adequate model coefficients with log odds
(p value of z-test) from Wald test indicating differences in
probability. Because multiple comparison are taking place, the

significance threshold was lowered to 0.005, significant factors
are indicated in bold

Activity® (Intercept) Trapping pressure (low) Region (Sydney) Group size Season (winter)
Walking — 1.25 (0.002) — 1.32 (0.001)° 1.53 (0.001) — 0.02 (0.864) — 1.65 (< 0.001)
Calling 0.86 (< 0.001) — 0.25 (0.225) — 0.47 (0.018) — 0.25 (0.010) — 0.58 (0.003)
Foraging — 1.87 (< 0.001) 0.16 (0.624) 0.55 (0.076) 0.20 (0.001) — 0.63 (0.022)
Flying 0.15 (0.504) — 0.21(0.298) — 0.09 (0.663) 0.02 (0.729) — 0.38 (0.047)

#Activity baseline category: standing still

®Sample interpretation of table: the log odds of mynas engaging in locomotion rather than standing still decreases by 1.32 under low
trapping pressure compared to high trapping pressure. In other words, birds are less likely to be walking in low trapping areas than in

high trapping areas

Fig. 2 Number of 304
observations of groups of
birds responding to
playback (in white) or not
responding to playback (in -
grey) as a function of the g
distance bin from the =] 204
speaker at which birds were 2
detected g

[}

[

o

oy

< 104

£

=

0 T

Appendix 2.2). This suggests either that only birds
closer to the stimulus responded to it, or that they were
more likely to hear the stimulus.

Discussion

Common myna populations living under high and low
risk of being trapped displayed differences in
behaviour. Specifically, we found evidence that under
high trapping pressure, mynas tended to form smaller
groups, were more likely to stay close to refuges, and
also tended to be less conspicuous. Interestingly the
observed differences in behaviour were not a conse-
quence of differences in myna abundance. On the
other hand, trapping pressure failed to predict
observed abundance.

@ Springer
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We found no evidence that categorizing localities
as high or low trapping pressure predicted the number
of birds counted at a smaller spatial scale (i.e.
2 x 2 km SAs). Because we do not have data
regarding abundance prior to capture efforts we cannot
use this result to draw conclusions regarding effec-
tiveness of trapping in reducing abundance. A recent
study quantifying the impact of trapping pressure on
myna population abundance in the Australian capital
territory showed outcomes differed depending on the
scale of analysis (Grarock et al. 2014). Variation in
myna abundance calculated at a spatial scale approx-
imately equal to that of locality used here was not
predicted by variation in culling effort calculated at
that scale. However, variation in myna abundance at
finer spatial scales, approximately equal to that of SAs
in the present study, was predicted by finer-scale
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variation in culling effort. Had data concerning
abundance before control efforts been available to
us, our results could have been taken to indicate that
broad-scale trapping pressure does not predict fine-
scale abundance. This would not be surprising as fine-
scale movements within and between geographical
units could easily influence local abundance. Overall,
it seems more work to evaluate the effectiveness of
trapping at different scales would be beneficial to
common myna control.

The present analyses revealed that the number of
common mynas seen was predicted by habitat, region
and time of day. With regards to habitat, we found that
mynas were more abundant in residential than highly
urbanized habitats (e.g. high-density housing). This
finding seems at odds with several other studies which
have found that mynas are more abundant in more
highly modified habitats including urban environ-
ments (White et al. 2005; Lowe et al. 2011; Sol et al.
2012). This discrepancy is likely attributable to the
variety of methods used to categorize habitats across
different studies. Here, habitat was defined at the scale
of point-counts, however at the higher spatial scale of
SAs, all our data can be considered to have been
collected within residential suburban areas. In that
light, our results indicate that within residential areas,
mynas are more abundant in areas with intermediate
levels of housing density and vegetation. This high-
lights the importance of spatial scale in categorizing
habitats. A given location can be allocated to different
habitat categories simply because parameters are
calculated at different spatial scales (Marzluff et al.
2001).

Although group sizes observed in this study were
small (1.86 individuals £+ 1.66SE), they were similar
to those found in the native range of common mynas
(1.7 £ 0.1SE) (Burger and Gochfeld 1991). Notably,
mynas tended to form larger groups more frequently in
areas with low trapping pressure. At first, this finding
seems at odds with the taxonomically widespread
finding that group size increases under increasing
predation risk (Caraco et al. 1980; Krause and Ruxton
2002), which is most often described in the context of
actively hunting predators. Risks associated with
traps, however, might be more akin to “sit-and-wait”
predators that favor different anti-predator responses
than those elicited by active predators (Preisser et al.
2007; Miller et al. 2014). Smaller groups, as observed
in high-trapping environments, could reflect a strategy

specific to traps. Indeed, within trapping communities,
trapping is known to be most effective when caller
birds are placed inside the trap to attract other birds.
Therefore, a reduced tendency to aggregate might be
advantageous because it reduces the tendency of
individuals to approach trapped conspecifics, which in
turn reduces their exposure to trapping risk.

Under high trapping pressure, mynas tended to be
seen more often close to shelter. In general, many
species prefer feeding close to a refuge if given the
choice, presumably to limit predation risk (Slotow and
Coumi 2000; Caro 2005). This supports our prediction
that mynas have the potential to perceive high trapping
environments as presenting a higher risk and to
become more risk-averse. This view is also supported
by the present finding that mynas showed a higher
tendency to walk under high trapping pressure.
Although it is expected that animals confronted to
passive capture methods should decrease locomotion
such that encounter with capture equipment is less
likely (AlGs et al. 2012), in mynas, increased locomo-
tion has been associated with dangerous situations
(Griffin and Boyce 2009). Overall, our findings are
consistent with the possibility that high trapping areas
are perceived by mynas as risky environments.

Behavioural differences associated with trapping
pressure found here could potentially lead to further
differences, in particular in terms of detectability. For
example, the tendency to remain close to refuges
under high trapping pressure means that these birds
were closer to visual obstacles and hence could be
harder to see for human observers. A similar phe-
nomenon is apparent in game hunting, where more
risk-averse pheasants tend to be less likely to be
flushed from cover and hence seen and shot by hunters
(Madden and Whiteside 2014). Additionally, smaller
groups, as they appeared in high trapping localities,
could be harder to detect for observers. Overall, this
suggests there is scope for behaviour to affect
detection of birds in high trapping areas.

In an effort to quantify potential differences in
detectability across high and low trapping localities,
we calculated an index based on the prediction that
transect surveys would inflate abundance estimates
compared to point-count surveys, particularly when
mynas were conspicuous and at low density. While no
effect of rarity was found, birds under high trapping
pressure tended to have smaller inflation indexes than
those under low trapping pressure. This finding is in
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line with an increase in crypticity in response to high
trapping pressure such as that suggested by King
(2010). It is also consistent with detectability changes
found in other species. Lionfish populations that
undergo control by spear-fishing shift their behaviour
and activity patterns: they spend more time deeper in
the reef, less time active during the day, and show high
levels of concealment and avoidance of humans (Coté
et al. 2014). These changes are likely to make the
species more difficult to find and hence have the
potential to hinder further control efforts (Coté et al.
2014). The trend towards less conspicuous birds in
areas with high control pressure in common mynas is
the first evidence that a similar phenomenon could be
taking place in a bird species.

The fact that detectability of a bird species can be
impacted by control pressure has important conse-
quences for the way in which the success of these
management programs is assessed. In North America,
many migratory shorebird species have been declining
since the 1980’s, while raptors on the other hand have
been on the rise. There is evidence that increased
predation risk from raptors has caused shorebirds to
alter their behaviour and spend less time at each stop-
over. Because abundance estimates are dependent on
the duration of stay at each site, some authors argue
that the perceived decline in shorebird populations
does not reflect a true population decline but instead is
due to changes in behaviour (Ydenberg et al. 2004;
Ydenberg and Prins 2012). Similarly, a decrease in
detectability in response to trapping would be of
paramount importance in the context of pest bird
control. Abundance estimates are often the only tool
used to measure effectiveness of management (Wit-
tenberg and Cock 2001). This suggests that, where
changes in conspicuousness occur, there is scope for
measured effectiveness of control to be overstated if
specific survey methods that account for these types of
effects are not implemented.

That trapping-induced reductions in detectability
have scope to affect evaluations of myna management
effectiveness is substantiated by the fact that control
programs can lead to reductions in numbers that go
well beyond the number of birds caught. Grarock et al.
(2014) compared the number of mynas trapped by a
community group in Canberra to density estimates
before and after captures. The study showed that
removal of 1015 birds per km? could be associated
with decreases of birds observed ranging from 20 to 50

@ Springer

birds per km?. Although trapping-induced emigration
and unreported catches might also contribute to the
observed discrepancy, we suggest that changes in
conspicuousness are also likely to play a role.

This study showed the first evidence of behavioural
and detectability differences in common myna popu-
lations undergoing different trapping pressures. Such
differences could originate from human-induced evo-
Iution, where some heritable behaviours may reduce
likelihood of an individual being captured and may
hence be selected for under high trapping pressure
(Uusi-Heikkili et al. 2008; Allendorf and Hard 2009;
Ciuti et al. 2012). Under this scenario, behavioural
changes would be necessarily adaptive, that is, reduce
individual trapability. On the other hand behavioural
differences could arise via experience-dependent
cognitive processes, such as individual or social
learning about dangerous stimuli (Griffin 2004; Brown
and Chivers 2005), or plastic risk-dependent neopho-
bia (Brown et al. 2013). In the case of common mynas,
experience-dependent factors are particularly likely
given a large body of existing research on this species’
learning abilities (Griffin 2008; Griffin and Boyce
2009; Griffin et al. 2010; Griffin and Haythorpe 2011).
Under this scenario, shifts in behaviour that ensue
from learning or plasticity may or may not reduce
individual trapability. Future work is needed to
investigate adaptive function and proximate mecha-
nism of the compensatory responses to trapping
identified here.

Despite their far-reaching ramifications, beha-
vioural shifts in response to control practices are still
mostly overlooked. Yet, not only can behavioural
changes alter management effectiveness directly, they
may also modify the ecological impact of the invasive
species. For instance, by making mynas emigrate
towards novel habitats that may contain more native
species. Such effects have been documented in
lionfish, where changes in temporal and spatial
activity patterns not only make them less susceptible
to spear-fishing, but may also lead to increased
interactions with other prey species that were not at
risk of predation by lionfish previously (Coté et al.
2014). It is hence paramount that these behavioural
changes are considered when management decisions
are made.
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