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Understanding how birds detect and react to deterrent methods which are employed to protect structures is
important both for the effective control of property damage, and to ensure that human health and safety are not
compromised. One such device is a shock strip that causes slight pain to birds when they use a perch. Our aims were
to determine: (1) the efficacy of a shock strip to flocks of Brown-headed Cowbirds (Molothrus ater), and Rock
Pigeons (Columba livia); (2) the length of time to extinction of effect; (3) whether members of a flock show a
behavioural response to treatment; and (4) whether the birds habituate to the treatment. When activated, shock
strips were effective in displacing birds from treated areas. Birds had to experience the treatment; there was no
discernible indication of flock members reacting to affected birds. When strips were deactivated after an initial period
of activation, birds required more than 2 hours to return to treated areas. No habituation was observed. Because
birds had to experience the shock, reduced coverage of a structure or use of sham devices to lower costs is considered

inadvisable.
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1. Introduction

Ironically, the structures and areas designed to enhance
the lives of people often provide resources to wildlife
species, particularly birds, that are responsible for
property damage and threats to human health and
safety (Savard et al. 2000). Building architecture provides
multiple places for birds to perch or nest, and the
subsequent accumulation of guano and nest material can
result in a reduction of structural integrity (Feare 1984;
Belant 1997). Also, apparently benign locations, such as
fences, signs, light fixtures, grass arcas, and stormwater
ponds, are recognized as attractants to birds that pose
hazards to human health and safety at airports (Brough
and Bridgman 1980; Blackwell et al. 2008, 2009; Dolbeer
et al. 2009). Additionally, bird species, particularly those
that are highly adaptable to human-modified environ-
ments, can serve as potential sources of zoonoses (Weber
1979; Feare et al. 1999).

Given that birds can both enhance and detract
from the quality of life for humans, it is no surprise
that solutions to negative bird—human interactions
abound. One possible response is the large-scale killing
of nuisance bird populations, an approach that is
generally undesirable and often impractical (Feare
1984; Dolbeer 1986; Smith et al. 1999; Blackwell et al.
2003). Subsequently, various non-lethal techniques to
control bird problems, not all effective, have been
evaluated (Bomford and O’Brian 1990; Belant et al.
1998; Blackwell et al. 2002; Avery and Genchi 2004;

Seamans et al. 2007). Inevitably, however, the effec-
tiveness of non-lethal avian deterrents, whether target-
ing use of structures, food resources, or open areas,
requires integration of methods to enable pest manage-
ment workers to capitalize on aspects of the ecology of
the problem species (Dolbeer 1990; Clark 1997).

One aspect of avian behavioural ecology that offers
potential for increasing the cost-effectiveness of a
deterrent method is communication of risk, by birds
that are directly exposed to a stimulus, to naive flock
members or even transient individuals. From an
individual standpoint (particularly in association with
foraging), perception of risk can be innate (Smith 1975;
Caldwell and Rubinoff 1983; Schuler and Hesse 1985),
learned, or enhanced via learning (Guilford 1990;
Clark 1997). Further, in the context of predator—prey
relationships, Lima and Dill (1990) contended that
animals assess predation risk and make this part of
their daily decision-making process. Importantly, risk
assessment involves not only direct exposure to the
predation event, but the behaviour of conspecifics
(Lima 1994; Cresswell et al. 2000). Furthermore, in the
context of predation risk, individuals benefiting from
other detectors of a potential predation event are likely
to be members of the flock or occur in close vicinity to
the flock (Lima and Zollner 1996). In addition,
perception of risk, again primarily that involving
predation, can be enhanced (Curio 1975; Kruuk
1976; Ydenberg and Dill 1986; McLean et al. 1999;
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Frid and Dill 2002; Griffin 2004). Also, empirical
evidence indicates that animals show anti-predator
behaviours in response to anthropogenic disturbances
(Frid and Dill 2002; Pauli and Buskirk 2002; Blackwell
et al. 2009).

Given the ecological basis for animal risk assess-
ment and the applicability of antipredator behaviours
toward novel disturbances (e.g. Frid and Dill 2002), the
premise that effects of avian deterrent methods might
extend beyond individuals directly exposed is reason-
able. We questioned, therefore, whether risk associated
with a bird deterrent that involves a source of slight
pain and is intended to effect displacement of the
exposed bird might also cause naive birds within the
flock to avoid treated perches. We investigated the
reaction of two phylogenetically quite different bird
species, both of which are common in human-
disturbed landscapes, to a shock-deterrent device. We
selected the Brown-headed Cowbird (Molothrus ater)
because of its use of edge habitats, particularly those
areas modified by humans, and the Rock Pigeon
(Columba livia) because it is commonly associated with
anthropogenic structures. Our aims were to determine:
(1) the efficacy of the technique; (2) the extinction of
effect of treatment; (3) whether members of a flock
exhibit a behavioural response to the apparent risk
posed by treatments, among themselves and to naive
flock members; and (4) whether the birds habituate to
the shock treatments.

2. Methods
2.1. Bird capture and maintenance

We captured 150 male Brown-headed Cowbirds in
decoy traps in northern Ohio, USA (41°27'N, 82°42'W)
and held them in an enclosed aviary where they were
fed a millet—sunflower mix and given water and grit ad
libitum. We also collected 90 Rock Pigeons from a
private pest control operator (Varmint Guard Envir-
onmental Services, Inc., Columbus, Ohio), during
August and September 2008 and held them in an
outdoor aviary. We fed the Rock Pigeons with a
commercial pigeon-feed mixture and provided water ad
libitum.

2.2. Anti-perching experiment
We used the Bird-shock Flex-Track™ system (Bird
Barrier, Inc., Carson, California, USA) as our anti-
perching device. We powered the system with a two D-
cell battery charger. Each flex-track system was
4.75 cm wide x 0.6 cm high, with two stainless-steel,
braided-mesh tracks attached to an ultraviolet-light
stabilized, polyvinylchloride backing that birds must
contact to receive a mild electric shock of 0.03
milliamps.

We used two flight cages of 24 m x 24 m x 1.8
m, each supplied with two perches that were 107 cm off

the floor and 9.5 cm wide by 122 cm long. We fitted
two shock strips to each perch so as to completely
cover the perch. We randomly selected the treatment
cage and used this cage in that format for all
experiments. For our experiments with Brown-
headed Cowbirds, we provided power to one perch
in the treatment cage, whereas the other perch was
set up similarly but not supplied with power. For the
Rock Pigeon experiments, both perches in the
treatment cage were connected to power but only
one perch was supplied at any time. In both
experiments, perches in the control cage were fitted
with shock strips and wiring, but neither perch was
connected to power.

We positioned the cages adjacent to each other, but
placed a solid barrier between them to prevent visual
contact between treatment and control groups. We
observed the cages using one American Dynamics
Color Camera PrePack 470 TVL High-Resolution with
Night Saver video camera (Tyco International, Inc.,
Princeton, New Jersey, USA) per cage and stored the
digital data on a Pelco DX8000 16-channel, 250-gb
digital video recorder (Pelco, Clovis, California, USA).
Observers at the monitor were screened from the cages
by tarpaulins strung between the observation area and
the cages.

2.2.1. Brown-headed Cowbird pre-test

To determine possible perch preference, we observed
birds randomly assigned to treatment and control
groups (six groups each for treatment and control; six
birds/group; N = 72 birds) for 1-hour in the respective
test cage. Birds assigned to the treatment cage were not
exposed to a power-supplied perch during this period.
We made spot counts of bird use of all perches after 15,
30, and 60 minutes post-placement to determine the
preferred perch in each cage.

2.2.2. Brown-headed Cowbird test 1

In this test, we evaluated the basic efficacy of the
system to deter perching. We exposed test groups (six
groups each for treatment and control; six naive birds/
group; N = 72 birds) to treatment and control condi-
tions over 2 h. During this 2-hour period, power was
supplied to a randomly selected perch in the treatment
cage, based on a finding of no preference during the
pre-test phase (see Results). We maintained this perch
as the ‘powered’ perch in each of our tests with the
cowbirds. We made spot counts of bird use of perches
after 5, 10, 15, 30, 60, and 120 min post-placement of
birds in the cages.

2.2.3. Brown-headed Cowbird test 2

Here, we tested the hypothesis that for birds previously
exposed to treatment and then exposed for a second



time to treatment, that there would be an extinction
of the effect of treatment within two hours of
discontinuing power to the treated perch. Specifically,
we were not interested in the effect of period between
the initial and next exposure, but whether birds that
had experienced treatment on multiple occasions
would be successfully deterred from perching. We
used birds from the test-1 treatment and control
groups (i.e. six groups each for treatment and control;
six birds/group; N = 72 birds) after a period of 0—13
days between tests. Although we maintained birds
relative to their respective assignment to treatment or
control groups in test 1, specific group members were
not necessarily the same individuals. After placing
birds in each cage, we supplied power to the pre-
selected perch in the treatment cage for 1 hour and
made spot counts at 15-minute intervals. At the end
of the hour, we turned off the power and observed the
flock at 15-minute intervals for up to an additional 75
minutes. We then reviewed the recording to determine
when >50% of the birds was viewed on the treated
perch.

2.24. Brown-headed Cowbird test 3

In this test we tested the hypothesis that birds which
have been previously exposed to treatment indicate this
novel threat to birds that are naive to the treatment.
We used six groups of naive birds (six birds/group) for
treatment and control, respectively. We placed a white
ribbon (2.5 cm wide by 10 cm long) on one leg on each
of three naive birds, placed them into the treatment
cage and supplied power to the shock strip on the
preselected perch for 30 minutes. We made spot counts
of perch use after 15 and 30 minutes. We then
introduced three new birds, each with a black ribbon
on one leg, into each cage and made spot counts of
perch use after 5, 10, 15, and 30 minutes. We
anticipated that removal of power from the treated
perch during the time when naive birds were in the cage
could bias our results by (1) affording naive individuals
immediate perch space on the treated perch, and before
any recognition of potential risk-avoidance behaviour
from exposed birds; and (2) elimination of possible
sensory information associated with electromagnetic
fields (Wiltschko and Wiltschko 2005). Thus, we
maintained the power to the treated perch after
introduction of the three naive birds.

Additionally, we reviewed the video footage and
noted the number of times that birds jumped in
response to a shock during 1-minute intervals for the
first 5 minutes of each half-hour period (i.e. with three
birds only, then with six birds in cage). We could not
follow individual birds; therefore we report the total
number of shocks per interval and ribbon colour. Also,
we restrict our comparisons to the second 30-minute
period when experienced and naive groups were
combined.
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2.2.5. Rock Pigeon test 1

In this test we again evaluated the basic efficacy of the
shock strip and tested the hypothesis that there would
be an extinction of the effect of treatment on perch
avoidance behaviour within two hours of discontinuing
treatment. We used six groups of birds (six birds/
group) for treatment and control, respectively (N = 72
birds). We observed each group for 15 minutes, taking
spot counts of perch use in the treatment cage at -
minute intervals to determine the preferred (i.e. the
perch associated with the highest mean bird use per
minute on an absolute scale). During this 15-minute
period, there was no power supplied to the perches in
the treatment cage. We then supplied power to the
preferred perch for 1 hour, turned off the power after
the first hour, and continued to observe the cages for
an additional two hours. We made spot counts of perch
use at 15-minute intervals.

2.2.6. Rock Pigeon test 2

As in our test 3 with Brown-headed Cowbirds, we
tested the hypothesis that birds previously exposed to
treatment would indicate this novel threat to birds that
were naive to the treatment. We followed the same
procedure in this test as in the cowbird test 3, except
for the initial determination of the preferred perch as
described in the pigeon test 1.

2.2.7. Rock Pigeon test 3

In this test, we tested the hypothesis that the birds
would visually associate the treatment effect with the
perch. We marked one randomly selected perch in both
the treatment and control cages with yellow (3M Scotch
35 Yellow insulating tape) tape placed perpendicularly
to the shock strip at 10-cm intervals, thus creating a
contrasting effect. We did not quantify spectral
differences between tape and perch. We placed six birds
into each cage and determined the preferred perch as
described under the pigeon test 1. We then supplied
power to the preferred perch (whether marked or
unmarked) in the treatment cage for 30 minutes, and
turned off the power thereafter. Next, we entered each
cage and switched perches such that the marked perch
was placed where the unmarked perch was positioned
previously, and the unmarked perch placed where the
marked perch had been. We continued observations for
an additional 30 minutes, making spot counts of perch
use in both cages after 5, 10, 15, and 30 minutes. For
this test we used six groups of birds (six birds/group) for
treatment and control, respectively (N = 72 birds).

2.2.8. Statistical analysis

Our response data were not normally distributed, and
we were unable to successfully transform them.
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Therefore, we used the Wilcoxon Rank Sum Test to
compare bird use (expressed as mean use per observa-
tion period) between the two perches in each cage,
restricting our comparisons within species and the
specific test. We did not compare perch use between
treatment and control cages. We evaluated our
comparisons at alpha = 0.05.

3. Results
3.1. Brown-headed Cowbird experiment
3.1.1. Pre-test

Birds in the treated cage showed no preference
(W =0.279; P=0.78) for either the left ([x + std
dev] 3.1 + 1.2 birds/observation) or right (2.8 + 1.1
birds/observation) perch. In the control cage, we found
no significant difference (W = 1.7285; P = 0.08) be-
tween bird use of the right (3.5 + 1.6 birds/observa-
tion) or left (2.6 + 1.5 birds/observation) perch.

3.1.2.  Brown-headed Cowbird test 1

In the treated cage, bird use of the powered perch
(0.8 + 1.5 birds/observation) differed (W = 5.96;
P = 0.00) from the control perch (3.0 + 2.2 birds/
observation). In the control cage, we observed no
significant difference (W = 0.63; P = 0.53) between
use of the right (2.0 + 1.2 birds/5-min interval) or left
(2.1 + 1.2 birds/5-min interval) perch.

3.1.3.  Brown-headed Cowbird test 2

After being shocked in test 1 and in this test too, birds
preferred (W = 4.06; P < 0.01) the control perch
(3.7 + 1.5 birds/15-min interval) over the treated
perch (1.6 + 1.7 birds/15-min interval). After power
was turned off, the treated perch was avoided,
on average, for 120.5 min (range = 96 — 135 min)
before > three birds returned. The control group
favoured (W =290; P =0.00) the right perch
(3.3 + 1.1 birds/15-min interval) over the left perch
(2.6 + 1.0 birds/15-min interval).

3.1.4. Brown-headed Cowbird test 3

During the second 30-min period (i.e. after the naive
group was introduced to the cage), the number of
shock events received by the experienced group
(0.3 +£ 0.5 birds shocked/min) was  similar
(W =10.21; P = 0.84) to those received by the naive
group (0.3 + 0.6 birds shocked/min). We found no
difference (W = 1.19; P = 0.23) in use of the powered
perch between groups previously exposed to treatment
(0.0 + 0.0 birds/5-min interval) and naive groups
(0.0 + 0.2 birds/5-min interval). In the control cage,
birds preferred (W = 3.35; P < 0.01) the left perch
(1.8 + 1.0 birds) over the right perch (1.2 + 1.0
birds).

3.2.  Rock Pigeon experiment
3.2.1. Rock Pigeon test 1

When power was supplied to the preferred perch,
pigeons did not use the perch (0 counts on treated
perch; 4.7 + 2.0 birds/15-min interval on the control
[W = 5.31; P = 0.00]). Further, we noted that pigeons
preferred the control over treated perch for the 2 hours
post-treatment. Although pigeons began returning to
the formerly treated perch (1.1 + 1.7 birds/15-min
interval) during the 2 hours of post-treatment, they
showed preference (W = 3.28; P < 0.01) for the
control perch (2.4 + 2.0 birds/15-min interval). Dur-
ing the same time in the control cage we observed no
significant (W = 0.63; P = 0.53) difference in use of
the left (2.1 + 1.2 birds/15-min interval) or right
(2.0 + 1.2 birds/15-min interval) perch.

3.2.2.  Rock Pigeon test 2

When power was supplied to the preferred perch, we
observed no subsequent use of the treated perch during
the initial 15-min period. However, after we introduced
naive birds into the cage (i.e. for the second 30-min
period), we observed that both groups used the treated
perch equally (W = 0.55; P = 0.58), based on the
number of shock incidents observed (experienced birds:
2.2 + 4.8 birds/5-min interval; naive birds: 2.1 + 3.1
birds/5-min interval). Also, in examining data for only
the previously exposed birds, we found that the
number of shock incidents was similar (W = 0.40;
P =0.69) between the period prior to naive bird
introduction (2.5 + 5.0 birds shocked/min interval)
and after naive birds were present (2.2 + 4.8 birds
shocked/min interval). Notably, we observed dominant
birds, whether experienced or naive, forcing individuals
off of the control perch, after which the subdominant
bird either flew to the treated perch and was shocked or
landed on the floor.

3.2.3.  Rock Pigeon test 3

Birds did not visually associate the treatment effect
with the perch. When we supplied power to the
preferred perch, whether the perch was marked (three
occasions) or unmarked (three occasions), mean bird
use over the observation period of the treated perch
(n =0 birds/5-min interval) was less (W = 6.4;
P < 0.01) than that for the control perch (3.7 + 1.5
birds/5-min interval). When we powered the marked
perch (30 min), then removed the power, mean bird use
of the marked perch after power was discontinued
(2.0 + 1.5 birds/5-min interval) did not differ
(W =0.23; P =0.81) from that of the control perch
(2.5 + 0.7 birds/5-min interval). When we powered the
unmarked perch, then removed the power, we found a
slight absolute, but not statistically different
(W =1.87, P=0.06), use between the marked



(1.7 + 1.8 birds/observation period) and unmarked
perches (2.7 + 1.8 birds/observation period). Pigeons
in the control cage used marked (3.0 + 1.0 birds/5-min
interval) and unmarked (2.9 + 1.0 birds/5-min inter-
val) perches equally (W = 0.15; P = 0.88).

4. Discussion

Direct experience of the discomfort provided by the
electrical stimulus through the feet of Brown-headed
Cowbirds and Rock Pigeons was necessary to keep birds
from using perches treated with the shock strips.
Specifically, Brown-headed Cowbirds (whether members
of the initial treatment group or birds introduced as
naive to treatment) exhibited a lack of observational
learning (Klopfer 1957; Drickamer and Vessey 1982), as
they were not dissuaded from using the treated perch
when other birds were shocked in their presence. As
happened for Klopfer (1957), this lack of response to the
behaviour of experienced flock members may have been
due to a cage effect (e.g. the availability of perches) or a
lack of time to learn to avoid the perch. Similarly, we
found that naive Rock Pigeons were not deterred from
using the treated perch by the behaviour of experienced
flock members, but issues similar to those observed by
Klopfer (1957) might have confounded these results as
well. Also, we observed dominance behaviour by the
pigeons; this forced subordinate individuals to use the
treated perch, an area of higher risk (similar to effects in
a “selfish herd”, Hamilton 1970).

In addition, there was no discernible evidence that
acoustical alarms, whether vocal or non-vocal (Hingee
and Magrath 2009), were given when birds were
shocked, as birds in both the treated and control cages
showed no reaction when a bird experienced the
electrical stimulus. However, we cannot eliminate the
possibility of an audible or subtle behavioural cue given
by a bird being shocked. Still, as most alarm calls or
subsequent behaviours were given in the presence of a
recognized threat (Lima and Dill 1990; Leavesley and
Magrath 2005; Magrath et al. 2007; Fallow and
Magrath 2010; Marzluff et al. 2010), we suggest that
the birds exposed to treatment did not associate the
pain from the shock with a salient cue, such as a
predation event (see below). A second possibility, as
Lima (1994) found with emberizid sparrows, is that
birds likely noticed the behaviour of individuals ex-
posed to treatment, but relied on their own vigilance to
detect a threat, rather than responding to the behaviour
of the shocked bird (i.e. avoiding false threats). Also,
Livingston (1994) conjectured that prey species, such as
pigeons, will tend not to display abnormal behaviour
resulting from pain or injury, as such behaviour could
attract the attention of a predator.

For both species, however, we observed no
extinction of treatment effect within two hours post-
treatment. We note that 50% of experienced Brown-
headed Cowbirds returned to the treated perch on
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average by 2.5 h post-treatment, but Rock Pigeons
exhibited a preference for the untreated perch.
Although we did not observe dominance-related
behaviour in the cowbirds, we do not disregard this
possibility. However, the pigeons might associate an
area as having an elevated threat, as opposed to a
specific object (Lima 1992), such as the treated perch.
For example, in the absence of the electrical shock, the
pigeons returned to perches previously abandoned
(though shifted in position after removal of power),
even when perches were differentiated by marking.

With regard to habituation, our experiments were
limited in time and therefore it is difficult to determine
if birds would habituate to the treatment. However,
when a deterrent stimulus is salient in its direct or
perceived effect and can be associated with a cue (e.g.
secondary chemical repellents; Clark 1997), learning is
enhanced and habituation less likely. The probability
of habituation is further lessened when the stimulus is
unpredictable and alternative resources are available.
In the case of birds perching on structures, there are
almost always other structures, either man-made or
natural, which may serve as alternative perch sites.
Additionally, when using shock strips, the birds cannot
determine when a shock will occur, but it only occurs
on a given perch. The presence of alternative perching
areas and consistent discomfort from the shock in our
study would, therefore, make habituation unlikely.

Based upon the reactions of the birds in the
experiments, as related to the use of shock strips as avian
deterrents in structures, deterrence of perching necessi-
tates use of active systems in all accessible parts of the
building. Our results suggest that the treatment of
“desirable” perch locations will not enhance risk such
that less desirable perches are avoided without treatment,
nor will the presence of sham anti-perching devices be
effective. However, we do not disregard the possibility
that a noticeable conditioned stimulus (e.g. a flash of
light) associated with the unconditioned stimulus (i.e. the
shock) might enhance product efficacy.
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