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In many areas, domestic cats are the most abundant predators of small vertebrates.
Due to the potential impact on prey populations by cats, there are calls to investigate
the effectiveness of visual and acoustic cues as measures to reduce the cat’s hunting
efficiency. In this study, we complement previous studies on the efficacy of Birdsbesafe
collar-covers (BBScc) in a so far not investigated Continental European setting and
explore the effectiveness in combination with a bell. We also evaluate the tolerability of
these devices by the cat and the acceptance by their owners. With a randomized and
comparative citizen science-based approach we collected data from 26 households
with 31 study cats, which were wearing either a BBScc or both a BBScc and a bell. The
BBScc reduced the number of birds brought home by 37% (probability of reduction of
88%). The number of mammals brought home was reduced by 54–62%, but only with
the additional bell (probability of reduction of >99%). About one fourth of the birds that
could be dissected were found to have collided with a hard object prior to having been
brought home by the cats. Our results are in line with previous findings from Australia,
the United States, and the United Kingdom and highlight the great potential of visual
and acoustic cues in reducing hunting success in domestic cats also in Continental
Europe. On the other hand, our result show that the number of prey brought home
by cats overestimates their hunting bag, if scavenging is not considered. The majority
of cat owners reported that their cats habituated quickly to the BBScc. However,
frequent scratching in some cats indicates that some individuals may not habituate.
Most participating cat owners had a positive attitude toward the BBScc and said that
they were willing to use it after the study. However, cat owners reported that their social
environment (e.g., neighbors, family, friends) was relatively skeptical, which indicates a
need for communication. To conclude, commercially available devices with visual and
acoustic stimuli are straightforward and effective ways to mitigate the potentially harmful
effect of domestic cats on wildlife.
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wildlife, there is a call driven by some cat owners, animal welfare
advocates, and wildlife biologists to investigate the effectiveness
of measures to reduce the hunting efficiency of cats. It would be
prudent to seek precautionary, feasible, tolerable, and accepted
measures that are conforming with animal welfare standards,
to reduce cat predation on wildlife and also help to minimize
conflicts between cat owners and conservationists (Lynn et al.,
2019). Several collar mounted devices have been developed to
reduce predation rate of domestic cats, either based on auditory
or visual cues to alert and deter potential prey (see below), or
to impede free movement of the cats and thus reduce their
hunting ability [e.g., catBib; Calver et al. (2007)]. Methods for
auditory prey deterrence are bells and the electronic sonic device
CatAlert, which in some comparative studies have been shown
to reduce the number of prey brought home by cats (Clark and
Burton, 1998; Clark, 1999; Ruxton et al., 2002; Nelson et al., 2005;
Gordon et al., 2010), while in another study the bell did not
reduce the number of birds and mammals brought home by cats
(Cecchetti et al., 2021b).
Other measures use visual cues to enhance the detectability
of the predator and alert prey early. One of the relatively
novel measures is the Birdsbesafe collar-cover (hereafter BBScc),
which is available in various patterns. The BBScc’s function is
based on its colorful appearance that should act as an anticamouflage to overcome the stealth ability of the cat. Studies in
Australia (Hall et al., 2015), the United States (Willson et al.,
2015), and the United Kingdom (Pemberton and Ruxton, 2020;
Cecchetti et al., 2021a,b) have shown a substantial reduction of
the number of prey brought home (and eaten) by cats wearing
the BBScc. Although the results of these studies seem promising,
the effect size of the BBScc across these different studies varies,
pointing at confounding factors that need to be considered when
evaluating the BBScc’s usefulness in reducing predation rates of
cats. Notably, different environmental variables might influence
the effectiveness of the BBScc’s across geographic areas. These
environmental variables include e.g., latitude (i.e., daylength),
vegetation zone, human settlement density, and bird species
composition, with the different bird species potentially featuring
variation in color perception (Price, 2017).
The aim of this study was to test the efficacy of BBScc in a
Continental European setting and in combination with a bell,
to complement the previous studies. Further, we address a key
issue for the successful application in practice: we evaluate the
BBScc in terms of its tolerability on the part of the cats and the
acceptance on the part of their owners. Specifically, the aims of
this study are to (1) quantify the efficiency of the BBScc, and
the potential of combining this device with a bell, for reducing
the number of prey brought home (interpreted as predation
rate, for limitations of this concept see below) in a continental
European setting, (2) evaluate the impact of the BBScc on cat
behavior and thus potential implications on animal welfare, and
(3) evaluate the acceptance of BBScc among the cat owners as
well as the precepted acceptance in their surroundings. In light
of the previous studies on the BBScc and our own preliminary
experience prior to the study, our predictions are: (1) the BBScc
and the bell are efficient in reducing the number of prey brought
home by cats; (2) there is no substantial animal welfare issue

INTRODUCTION
As an invasive predator in most parts of the world, the domestic
cat (Felis catus) has been shown to pose a substantial threat
to wildlife, in particular on geographically isolated islands and
continents, including Australia (Salo et al., 2007; Medina et al.,
2011; Doherty et al., 2016). Here, endemic prey species are often
exhibiting degrees of prey naiveté toward these novel predator
archetypes (Cox and Lima, 2006). However, in a continental
setting, where a multitude of predator-prey relationships have
been evolving over extensive periods of time, the magnitude
of the impact of domestic cats on native wildlife has been
difficult to assess.
Domestic cat populations stand out due to their exceptionally
high densities, especially in built up areas, which are usually
unmatched by native predators. For example, densities of
domestic cats with access to the outdoors in the Swiss city of
Zurich have been estimated at 429 individuals/km2 (SWILD,
2011), while densities of the most abundant medium sized wild
predator, the red fox (Vulpes vulpes) in the same area were
estimated at 7.4–11.2 adult individuals/km2 (Gloor et al., 2001).
Wild cats (Felis silvestris) in suitable forest habitats in Switzerland
reach densities of 0.23–0.26 individuals/km2 (Maronde et al.,
2020; Nussberger and Roth, 2020). Although estimates of the
number of birds and small mammals killed by cats per year
are in the billions in large areas [see e.g., Loss et al. (2013)
and Trouwborst et al. (2020), for a review], studies on the
actual impact of domestic cats on different wildlife species
and populations on the continents (except Australia, whose
fauna evolved without felines for most of its history) are
controversial. Several studies came to diverging conclusions,
which cannot be extrapolated to other species and transferred
into different geographical areas and habitat types without
reservation [see e.g., Weggler and Leu (2001), Hawkins et al.
(2004), Baker et al. (2005), Loss and Marra (2017), and Mori et al.
(2019), for a review].
In a continental setting (again not considering Australia),
intensive agricultural practices and urbanization are probably
the most important factors resulting in large scale habitat
loss and reduction of habitat quality and therefore declining
wildlife populations [e.g., in Switzerland: Federal Office for the
Environment (2017)]. As fragmentation of increasingly limited
natural and semi natural habitats increases, residential gardens,
urban parks, and buildings featuring a variety of microhabitats
and food resources are important environments and even refuges
for various wildlife species, including endangered ones [e.g.,
Baker et al. (2003), Ineichen et al. (2012), Taucher et al. (2020)].
Residential areas are usually also characterized by a high density
of domestic cats [e.g., Liberg et al. (2000)] and the predation
rate of pet cats per km2 residential area is many times greater
than predation rates by feral cats in natural environments (Legge
et al., 2020). Therefore, cat-wildlife conflicts might actually entail
a serious conservation issue in the long term. Especially local
populations of certain prey species might be negatively affected
by domestic cats (Shaw et al., 2008).
Due to the potential negative impact of cats on wildlife
populations as well as animal welfare implications of cats injuring
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related to the deployment of the BBScc; (3) people are generally
reluctant to deploy the BBScc due to its peculiar appearance.

MATERIALS AND METHODS
Data Collection
Data collection took place throughout Switzerland, i.e., in
an area of temperate to Mediterranean climate with Western
European broadleaf forests and Alpine conifer and mixed forests
(Supplementary Figure 1). Most households were distributed
across the Swiss plateau and situated in rural villages or
suburban areas (Supplementary Figure 1 and Supplementary
Data Sheet 1). The movement pattern of the study cats could not
be tracked and the different habitats could not be accounted for
in the analyses.
The main part of the project took place from May to August
2020, with a pilot phase from July to October 2019. We recruited
cat owners via newsletters and social media articles hosted by
organizations targeting nature lovers and people concerned with
animal welfare, as well as via personal networks. Participants were
only included in the study if cats were reported to bring home at
least one prey item per week prior to the study.
All cats were equipped with a BBScc, which was mounted
on a quick-release collar (Figure 1). For the latter we used
“cat-life,” which is adjustable to the individual body weight of
the cat to ensure animal welfare (Figure 1). For the extended
survey (see below), a bell was added to the BBScc (Figure 1). All
participants received the same type of bell and BBScc to ensure
comparability of results. For the BBScc, we chose a “rainbow”
pattern featuring stripes of various colors (Figure 1). Rainbow
color BBScc have previously been shown to be more effective in
reducing predation rates compared to more uniformly colored
BBScc (Hall et al., 2015).
The acoustic characteristics of the bells was investigated
by comparing five bells with apparently different frequencies
(according to human perception). Every bell was recorded
manually from one meter distance using an ultrasound recorder
(Batlogger M, Elekon AG, Switzerland) with an electret
condenser microphone (frequency response 10–130 kHz). The
recordings were subsequently analysed using Raven Pro software
(Version 1.4, Cornell University). We found that the frequency of
the bells was overall similar, with 4–5 peaks with main frequencies
between 5 and 45 kHz (Supplementary Figure 2).
Additionally, we provided the participants with a detailed
manual with instructions on the exact procedures they had
to follow (experimental protocol), on how to familiarize their
cats to the BBScc (adjustment period), on how to adjust
the quick-release collar, and on how to monitor their cat’s
behavior (with a list of criteria to prematurely terminate the
treatment in case the cat exhibited unusual behavior, see
Supplementary Data Sheet 1).
Participants could choose freely if they wanted to test only
the BBScc (standard survey) or the BBScc plus a bell (extended
survey). Every study cat was surveyed by their owners during
two (standard survey) or three (extended survey) treatmentphases of 2 weeks duration each: treatment 1: wearing a BBScc;
treatment 2: wearing a BBScc plus a bell (only for extended
Frontiers in Ecology and Evolution | www.frontiersin.org

FIGURE 1 | One of the cats participating in our study, wearing a Birdsbesafe
collar-cover. The inlet shows a close-up of the Birdsbesafe collar-cover,
mounted on a quick-release collar (cat-life), which is also equipped with a bell.
This type of collar-cover was used for all cats in the current study. Photograph
courtesy by Kathi Märki/swild.ch.

survey); control: wearing neither BBScc nor bell. As a result,
every cat was either participating in treatment 1 and the control
(standard survey, 4 weeks in total), or in treatment 1, treatment
2, and the control (extended survey, 6 weeks in total). There
were only two exceptions, where one household participated
twice in 1 year (total duration of 12 weeks) and where only the
BBScc + bell and the control were tested (without BBScc alone).
Most participants held strictly to the study protocol and each
scheduled 2-week treatment-phase was on average 13.8 days long
(range 11–17 days). In terms of the collar on which the BBScc
was mounted, the study cats wore whatever was normal for them
(a collar or no collar) prior to this study during the controlphase (Pemberton and Ruxton, 2020). If more than one cat was
present in a household, we equipped all cats of that household
with a BBScc because prey items may be hard to assign to a
specific cat. Further, we attributed all cats in one household to
the same treatment-sequence group (see below) and conducted
all analyses per household and not per study cat. We randomly
assigned every household to a treatment-sequence group. In these
groups, the sequence of treatment-phases (treatment 1, treatment
2, and control) was varied in every possible way, with treatment 2
always following or being followed by treatment 1, thus resulting
in 6 possible sequences (Supplementary Table 1). As a result,
the starting dates of the treatments were equally distributed over
the season (Kruskal-Wallis tests for equal medians, p > 0.05)
and thus, hunting bags per treatment phase were unlikely to be
biased by date, e.g., by the occurrence of many juvenile prey
later in summer.
3
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force trauma could have occurred e.g., due to collision with a
window and was interpreted to have left the bird either already
dead or injured, in any case impaired to fly and react on the BBScc
and/or the bell. Other causes of death prior to be taken by the
cat could not be excluded and hence may lower the effectivity
estimates of the BBScc and the bell.
We considered birds that were recorded by the cat owners
to have been brought home during the hours of darkness
[i.e., during the night or the darker phases of twilight (i.e.,
astronomical twilight or nautical twilight)] as being hunted
during darkness when the BBScc could not have been effective.
We assumed that prey was usually promptly brought home
by the cats, because caching prey is very rare (Fitzgerald and
Turner, 2000; Ruiz-Villar et al., 2020) and cats caching prey
prior to bringing it home has not been reported, e.g., in studies
investigating prey killed vs. brought home using cameras (Loyd
et al., 2013; Seymour et al., 2020) as well as in an extensive review
article on cat hunting behavior (Fitzgerald and Turner, 2000).
Due to these considerations (excluding nestlings, scavenging, and
hunting at night), the here estimated efficacy of the BBScc is
indeed a conservative estimate of the efficacy of “preventable”
predation. The exclusion of bird prey items hunted during
situations when the BBScc could not have been effective was
similar for the control-phase and treatment 1 (too few data for
treatment 2), as shown by a non-parametric Wilcoxon pairwise
signed-rank test applied to the paired numbers of excluded birds
in the control and treatment 1 phase of each household (W = 86,
p = 0.131).
The number of birds brought home during the first vs. the
second week of wearing the BBScc (either during treatment 1 or
2, whichever came first) was similar (n = 10 birds in both weeks;
Wilcoxon signed-rank test: W = 12, p = 0.748). Therefore, an
influence of the novelty of the device on the cat’s behavior and
therefore likeliness of bringing home prey was negligible and we
analyzed the 2 weeks together.

We asked participants to record all prey items of four prey taxa
(birds, mammals, “reptiles” [i.e., squamates], insects) brought
home by their cats during all treatment-phases (except during
an eventual adjustment period prior to the survey), even if they
were subsequently eaten by the survey cat or released by the
participants if unharmed. Specifically, we asked participants to
note the date and observed/suspected time the prey was caught
and/or brought home by the cat(s), the treatment-phase during
which the prey was brought home (treatment 1, treatment 2, or
control), and information on the prey item (taxon, condition,
approximate age-stage). Prey items that were not brought home
by the cat and killed and/or eaten in the field could not be
recorded in this study. We asked participants to take photographs
of the prey to determine species and age-stage. If the prey could
be seized, we asked participants to store them in a freezer and
send them to us after termination of the survey. We assumed that
cat owners reported prey unbiased by treatment-phase.
Study cats lost their BBScc 13 times in total during the survey
period. In these cases, we provided a replacement as quickly as
possible and excluded all the prey items that were brought home
by the respective study cat in the period with lost BBScc (and bell)
from the analyses. If possible, the lost days were added to the
respective treatment-phase so that the treatment-phase lengths
could be held as constant among the households as possible.
Similarly, we excluded prey items brought home if the study
cats by mistake had access to the outdoors without wearing a
BBScc (and a bell) during treatment 1 and 2, e.g., if the owners
forgot to mount the BBScc before letting the cat out. Because this
happened for only a couple of hours, this time could not be added
to the respective treatment phase. The actual time the study cats
spent outdoors—and thus their potential time of hunting—could
not be monitored. The access to the outdoors varied among the
households, but we assumed that in the absence of information
suggesting otherwise, cat owners did not change the outdoor
access of their cats between the control and treatment-phases.
Further details about the methodology and the raw data can be
obtained from the Supplementary Data Sheets 1, 2.

Data Analysis
To measure the effects of the treatments on the number of
prey brought home we used a Bayesian generalized linear mixed
model. The number of prey items brought home during each 2weeks treatment-phase in each household was used as outcome
variable. Treatment and prey taxon and the interaction between
treatment and prey taxon were used as predictors. The household
ID was included as a random factor to account for repeated
measures of the same household. We further used the product
of the treatment-phase duration (which ranged from 11 to
26.5 days) and the number of cats in the households as an offset.
This offset corrects for the fact that the duration of the treatment
phases varied somewhat and the number of cats was different
among the households. We first used the Poisson and the negative
binomial distributions. However, both models overestimated the
proportion of zeros and underestimated the variance in the data.
Therefore, we used a zero-inflated Poisson model for which
the predictive model checking (Gelman et al., 1996; Gabry,
2018) showed a good fit regarding mean, variance and range
of the data and proportion of zeros. We allowed for separate
proportions of zeros for each treatment and prey taxon. We fitted

Examination of Bird Prey
As we wanted to test the effectiveness of the BBScc and the bell,
we excluded birds brought home by study cats from the analyses
which were hunted during situations when the BBScc could not
have been effective. These were (1) nestlings that were unable
to fly; (2) scavenged birds, i.e., which were severely injured or
dead before taken by the cat; (3) birds taken during the hours of
darkness. [In mammals, only criterion (1) was applied, but early
post-natal juvenile mammals with not yet fully developed sensory
organs and locomotor system were never brought home during
the study.] Nestlings were determined by us or the cat owners (if
rescued or eaten by the cat) or from photos sent in.
Since cats are known to feed on carcasses (Welti et al., 2020),
we determined the cause of death in the dead birds collected by
the cat owners by a veterinarian (P. Mattmann). Specifically, if
a bird exhibited fractures of the skull bones or hemorrhage into
the brain or air sacs, liver lacerations, or fractured coracoid bones
without bite marks being present, we interpreted this bird to have
suffered blunt force trauma prior to falling prey to the cat. Blunt
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tits (Parus major; n = 8; 22%) (Supplementary Table 3). (All
mammals brought home were either muroid rodents or shrews
and no early post-natal juveniles with not yet fully developed
sensory organs and locomotor system were brought home).
Of 15 non-nestling bird cadavers that were subject to postmortem dissection, four (27%, Supplementary Table 3) were
classified as having collided with a glass window or another hard
object prior to having fallen victim to a cat, based on the identified
injuries: two birds were brought home by cats wearing neither
BBScc nor bell (control), one bird was brought home by a cat
wearing a BBScc and no bell (treatment 1), and one bird was
brought home by a cat wearing a BBScc and a bell (treatment 2).
Five birds had to be excluded because they were brought home
during the hours of darkness: one during the control-phase, three
during treatment 1 and one during treatment 2. Four birds had to
be excluded because they were nestlings: three during the controlphase, none during treatment 1 and one during treatment 2.

the model using Hamiltonian Monte Carlo as implemented in
Stan (Carpenter et al., 2017). We accessed the Stan software via
the interface brms (Bürkner, 2017) within the statistical software
R 4.0.5 (R Core Team, 2021). Further, we used the default
prior distributions defined by the brms-interface, which are flat
priors for the model coefficients and weakly informative prior
distributions (Lemoine, 2019) for the intercepts and the variance
parameters, i.e., student-t (3, −2.3,2.5) for the intercept of the count
model, logistic (0, 1) for the intercept of the zero-model, and halfstudent-t (3, 0, 2.5) for the among-household variance (Gelman,
2006). Finally, we assessed convergence of the four Markov chains
using the diagnostic plots and statistics given by Gabry (2018).
Estimates (medians) and 95% uncertainty intervals (2.5% and
97.5% quantiles) are based on 4,000 simulated values from the
posterior distributions of parameters.

Cat Owner Polls
Participants were asked to fill in four polls: one prior to the start
of the survey, one at the beginning, one during, and one after
finishing the survey. We asked for age, neutering status, and coat
color and pattern of the survey cats, the cat’s behavior when first
wearing the BBScc, and the cat owner’s own and their social
environment’s (e.g., neighbors, family, friends) attitude toward
the BBScc (Supplementary Table 2).

Treatments
Numbers of prey brought home (excluding nestlings, scavenged
birds, and birds brought home during the dark hours) broken up
into the three study phases and four prey taxa are given in Table 1.
The model’s expected numbers of prey per cat and 2-week
treatment-phase for every prey taxon are given in Figure 2. We
found evidence that BBScc reduces the number of birds brought
home on average by −37% (factor 0.63), with a probability of
reduction of 88% (Table 2 and Figures 2, 3). A similar result was
found comparing the control-phase with the phase when both
BBScc and the bell were worn (Table 2 and Figures 2, 3). In
contrast, we found no evidence that the additional bell had an

Ethics Approval Statement
The study protocol was approved by the ethics committee
of the Veterinary Office of the Canton of Zurich,
Switzerland (TV ZH098/20).

RESULTS
TABLE 1 | Number of prey brought home (excluding nestlings, scavenged birds,
and birds brought home during the dark hours), (A) during the phases of the
standard survey and (B) the phases of the extended survey.

Study Cats
Ninety-nine cat-owners were initially interested in participating
in this study. Cats in 43 households with 59 study cats started the
survey, but 17 household ended it prematurely. Four households
(9.3%) with eight cats quit the study due to issues related to
the BBScc: two households reported a lack of habituation, one
household reported aggressive behavior of cats toward each other,
and one household reported continuing and excessive scratching.
The other households quit the study due to reasons unrelated
to the study itself (Supplementary Data Sheet 1). Finally, 26
households with 31 study cats (17 males, 14 females; all but one
neutered prior to this study) completed the survey. 12 of them
tested the bell in addition to the BBScc (treatment 2). The 31
study cats were monitored a total of 1,000 days between May and
October 2019 (pilot phase) and 2020 (main study).

A
Treatment-phase

Standard survey
Control
(n = 26)

BBScc
(n = 26)

BBScc + bell

Birds

25

14

na

Mammals

75

91

na

“Reptiles”

10

6

na

Insects

9

10

na

B
Treatment-phase

Extended survey
Control
(n = 12)

BBScc
(n = 12)

BBScc + bell
(n = 12)

Birds

18

11

10

Details About Bird Prey

Mammals

37

48

18

All birds brought home by the study cats were passerines (for a
list see Supplementary Table 3). Of 40 birds brought home that
could be aged post-mortem from cadavers or photographs, 90%
were full-grown, i.e., able to fly (17 first-year birds, five adults,
and 14 of undetermined age, but not nestlings), and 10% were
nestlings (n = 4). The majority of identifiable birds were house
sparrows (Passer domesticus; n = 18; 50%), followed by great

“Reptiles”

5

3

2

Insects

1

5

2

Frontiers in Ecology and Evolution | www.frontiersin.org

Control = study cats wearing neither Birdsbesafe collar-covers (BBScc) nor bell;
BBScc = study cats wearing a BBScc (treatment 1); BBScc + bell = study cats
wearing a BBScc plus a bell (treatment 2; only for extended survey in a subset
of households). The 12 households in (B) are a subset of the 26 households in
(A). n = number of households participating in the respective treatment group;
na = not applicable.
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FIGURE 2 | Expected number of prey brought home per household in each 2-week treatment phase and separated per prey taxon (birds, “reptiles” insects, and
mammals). Lower and upper limits of the 95% uncertainty interval are indicated with vertical black bars [equals “credible interval” or “confidence interval”; Gelman
and Greenland (2019)]. BBScc = wearing a Birdsbesafe collar-cover (BBScc) during treatment 1; BBScc + bell = wearing a BBScc and a bell during treatment 2;
control = wearing neither BBScc nor bell.

effect on the numbers of birds brought home, compared to the
phase with a BBScc alone (Table 2 and Figures 2, 3).
In mammals, we found no evidence that the BBScc had an
effect on the number of mammals brought home compared to
the control-phase without BBScc (Table 2 and Figures 2, 3).
However, an additional bell did reduce the number of mammals

brought home by −54 or −62% compared to the control-phase
or the phase with a BBScc alone, respectively (Table 2 and
Figures 2, 3). The probability for this reduction was >99% in
both cases (Table 2). For “reptiles” and insects, reductions of
prey brought home due to the BBScc and the bell was on average
about—55%, with a probability of reduction of on average 81%
(Table 2 and Figures 2).

Cat Owner Polls

TABLE 2 | Multiplicative effects of the Birdsbesafe collar-cover (BBScc) and
BBScc + bell treatments compared to the control (without BBScc and bell); or of
BBScc + bell also compared to BBScc, with upper (UIupper ) and lower (UIlower )
limits of the 95% uncertainty interval (UI).
Comparison

Treatment

Prey taxon Effect UIlower UIupper

From the 26 households that successfully finished the study
(27 answers due to two answers in one of the households with
>1 cat), the majority (n = 19, 70.4%) reported that their cats
habituated to the BBScc within a couple of hours up to 1 day after
starting the study. In seven cases (25.9%) the habituation period
took 1 day to 1 week, and in one household (3.7%) the habituation
took up to 2 weeks.
In the households that finished the study successfully (n = 26,
>1 statement per household possible), eight households (30.8%)
reported no behavioral problems related to the BBScc whatsoever
and 11 (42.3%) reported more frequent scratching incidents
of the cat(s) in the neck region due to the BBScc (Figure 4).
Less frequent behavioral issues are reported in Figure 4 and
the Supplementary Data Sheet 1 (Supplementary Table 4).
These issues were not severe enough for the cat owners to stop
the survey prematurely and were mostly related to the initial
habituation phase.
From a final survey (which was filled in by 18 of the
participants, including some which terminated the survey
prematurely, and with multiple answers possible), 44.4% of
households thought that the BBScc was working, while 11.1%

Prob.
reduction

Control

BBScc

Birds

0.63

0.28

1.35

0.88

Control

BBScc + bell

Birds

0.73

0.32

1.55

0.79

BBScc

BBScc + bell

Birds

1.17

0.45

2.82

0.37

Control

BBScc

“Reptiles”

0.58

0.13

2.29

0.78

Control

BBScc + bell

“Reptiles”

0.28

0.03

1.36

0.94

BBScc

BBScc + bell

“Reptiles”

0.48

0.05

2.76

0.78

Control

BBScc

Insects

0.81

0.16

4.19

0.6

Control

BBScc + bell

Insects

0.23

0.01

1.99

0.91

BBScc

BBScc + bell

Insects

0.28

0.01

2.17

0.88

Control

BBScc

Mammals

1.19

0.83

1.67

0.17

Control

BBScc + bell

Mammals

0.46

0.26

0.78

>0.99

BBScc

BBScc + bell

Mammals

0.38

0.22

0.66

>0.99

Example for the first row: BBScc reduced the number of birds brought home on
average by −37% (factor 0.63), values between −72% and +35% are compatible
with the data (−95% UI). Prob. reduction: we can assume with 88% probability that
BBScc reduces the number of prey compared to the control.
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at first sight by the colorful collar (Figure 4). 27% of households
reported positive reactions from their surroundings, while 21%
reported also negative reactions (e.g., worry concerning animal
welfare) (Figure 4). 12% of households further reported a lack of
understanding in their surroundings (Figure 4).

DISCUSSION
Our study set out to quantify the efficacy of Birdsbesafe collarcovers (BBScc, Figure 1) and bells for reducing domestic
cats’ predation rate (measured via prey brought home) in a
Continental European setting. Our results suggest that the BBScc
reduced the number of birds brought home by cats (Table 2
and Figures 2, 3). There was no evidence that the additional
bell had an effect. On the other hand, we found that the BBScc
alone has probably no effect on mammals, while the additional
bell reduced the number of mammals brought home by cats
(Table 2 and Figures 2, 3). For “reptiles” and insects, the sample
size was too small and the uncertainty interval too large to allow
conclusions. This pattern might be explained by the different
sensory abilities of birds and small mammals, respectively [e.g.,
Portfors (2007); Westheide and Rieger (2009)]: color vision is
more differentiated in birds compared to mammals, while the
hearing ability in the ultrasonic spectrum—which is emitted
by the bells (see Materials and Methods and Supplementary
Figure 2)—is better in mammals than birds. Also, birds may be
more often in direct visual contact with an approaching cat than
small mammals in the ground or in ground vegetation.
Our study sample is limited—also due to the difficulties
to acquire participants—but is within the range of previously
published reports on the efficacy of the BBScc. Our results
correspond with these previous studies in that all of them
reported a probably substantial reduction in the number of birds
brought home when the BBScc was worn (Hall et al., 2015;
Willson et al., 2015; Pemberton and Ruxton, 2020; Cecchetti et al.,
2021a,b). On the other hand, the magnitude of the effect of the
BBScc was estimated to be quite different among the studies.
The reasons for this disparity are unclear, but might be related
to methodological differences (including applied statistics), as
well as differences in surveyed habitats and species communities,
which might influence the general effectiveness of the BBScc.
However, overall, the results of these studies suggest that across
continents and habitats, the BBScc has the potential to reduce the
number of birds (but not mammals) brought home by −37–95%.

FIGURE 3 | Number of birds (A) and mammals (B) brought home by 2-week
treatment-phase. Dots are individual prey numbers per household. Lines
between treatment phases connect data of the same household.
Control = study cats wearing neither Birdsbesafe collar-covers (BBScc) nor
bell; BBScc = study cats wearing a BBScc (treatment 1);
BBScc + bell = study cats wearing a BBScc plus a bell (treatment 2; only for
extended survey in a subset of households). For sample sizes see Table 1.
For individual prey numbers per cat, see Supplementary Data Sheet 2.

thought it did not work (44.4% were not sure or thought the
BBScc would work in certain circumstances).
The majority of households stated that they were ready to
pay the customary price for the BBScc (65% of households)
and that they would be willing to continue to use the BBScc
after the survey, either during the entire year or through part
or the entire breeding season of birds (72% of households)
(Figure 4). For households stating that they would not use the
BBScc after the survey (22% of households), the main reason was
the unusual behavior of their cat(s) toward the BBScc (including
frequent scratching).
A large fraction of households (33%) reported their social
environment (e.g., neighbors, family, and friends) to be puzzled

Frontiers in Ecology and Evolution | www.frontiersin.org

Implications of Our Findings for Prey
Populations
The expected number of birds brought home per household in
each 2-week treatment phase was estimated to be 0.63 without
the BBScc and 0.39 while wearing the BBScc (Figure 2). In
Switzerland, it has been estimated that in every spring month
0.1 to 0.3 million birds are killed by owned domestic cats based
on a sample of average hunters (not particularly active hunters,
such as in the present study) and taking into account that not all
cats are hunting birds and have access to the outdoors (Tschanz
et al., 2011). We could now assume that the −37% reduction in
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FIGURE 4 | Results of cat behavior (A) and cat owner (B,C) polls. (A) Answers from the 26 households that successfully finished the study (more than 1 answer per
household possible). (B,C) Answers from a final survey that was filled in by 18 participants, including some which terminated the survey prematurely, and with
multiple answers possible.

confounding variables such as source-sink dynamics, (apparent)
competition, diseases, food availability, habitat quality and
availability, and pollution (Barratt, 1997, 1998; Crooks and Soulé,
1999; Fitzgerald and Turner, 2000; Kays and DeWan, 2004;
Grendelmeier et al., 2018), as well as the non-lethal impacts of
cats on prey populations [landscape of fear; Brown et al. (1999),
Beckerman et al. (2007), and Bonnington et al. (2013)]. Further,
it should be determined if the effect of predation by domestic
cats is additive or compensatory to other sources of mortality
(Møller and Erritzøe, 2000; Baker et al., 2008; van Heezik et al.,
2010). We did not examine the physical condition of birds
brought home by study cats, apart from the cause of death. As
a high fraction of the birds brought home by study cats consisted
of first-year birds, which generally suffer from relatively high
mortality rates [e.g., Naef-Daenzer et al. (2001) and Weggler and
Leu (2001)], the cats’ effect on the breeding populations might
be indicative of a compensatory form of mortality. However,
additive mortality would most likely increase when predation
pressure increases (Baker et al., 2008; van Heezik et al., 2010). The

birds brought home (“preventable” predation, Table 2) due to
the BBScc directly translates into a reduction of −37% in birds
killed by cats due to the BBScc. If all owned cats in Switzerland
with access to the outdoors would wear a BBScc, this would
ideally translate into 74’000 less birds being killed by cats per
spring-month in Switzerland, or 296’000 in the course of the
4 months of the main breeding season. This is of course a too
optimistic estimate, because not all cats will habituate to the collar
and/or the collar-cover, and not all cat owners will be willing to
deploy these measures (Figure 4). Further, stray cats without an
owner will not be accessible for collars. However, the estimate still
facilitates to grasp the potential of these measures.
Such extrapolations should be interpreted with caution
due to uncertainties related to the initial estimation of birds
killed by cats (Tschanz et al., 2011), the non-inclusion of
nestlings and injured birds, as well as the lack of knowledge
about the cats’ actual impact on wildlife at the population
level. Simultaneous examinations of demographic variation of
the wildlife populations would be warranted, also considering
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On the other hand, cats are known to scavenge (Welti et al.,
2020) and our results show that a considerable fraction of birds
brought home by cats (27% of the birds that could be dissected)
was probably already seriously injured or dead prior to being
brought home by the cat (e.g., because they collided with a
window). These birds could not have reacted on the BBScc (and
the bell) and the number of birds brought home is subsequently
overestimated. Our sample size regarding these results was small
(four birds out of 15 dissected probably did collide with a
window before being brought home by cats). However, our
findings highlight that the measure of “prey brought home” at
the same time overestimates somewhat the actual predation rate
of cats, although the overall rate might still be underestimated
(see previous paragraph). Considerations on cat predation rates
based on prey brought home should consider this. Further
investigations into the likeliness of cats bringing home prey
depending on the state of the prey (alive, dead) would also be
worthwhile in this respect.

high relative number of prey incidents recorded among first-year
birds indicate that it would be most recommendable to deploy
BBScc at least during the main breeding season of birds.
An additional aspect that requires further study is potential
(long-term) habituation effects. Wearing a novel collar-cover may
change the behavior of a cat and make it less likely to hunt
(although we found no evidence for this here, see above). Further,
it has been speculated that with time, cats that are regularly
equipped with bells might adapt their hunting strategies in order
to overcome the adverse effects of the bells on their stealth. This
has not been tested yet. Similarly, cats regularly wearing a BBScc
might learn that hunting during twilight or the night (if given the
chance by their owners), or the selection of hunting habitats that
provide better visual hiding, might enhance their hunting success.
Most of the bird species brought home by cats in this
study (except the green finch, which is categorized as “Near
Threatened” (NT); Supplementary Table 3) are currently listed
as least concern (LC) according to the red list of breeding
birds in Switzerland (Knaus et al., 2021). All of the species
are internationally categorized as LC (IUCN, 2021). Most birds
brought home were house sparrows (Passer domesticus) and great
tits (Parus major). Birds feeding on the ground and in low
vegetation—as the house sparrow and the great tit–have been
reported to often be the victims of domestic cats (Mead, 1982;
Churcher and Lawton, 1987; Pavisse et al., 2019), although the
year-round gregarious house sparrow might be less prone to
cat predation compared to solitary species (Mead, 1982). These
species’ frequency as cat victims might also be related to their
relatively high abundance in settlement areas (Ineichen et al.,
2012). Further aspects that might play a role in the unequal
frequency of bird species as prey are body size and related feeding
habits, with larger ground feeding birds—like the blackbird
(Turdus merula)—being less likely to feed close to cover and
therefore less likely to be depredated by stalking cats (Mead,
1982). Lastly, different bird species have been speculated to vary
in taste, with less tasty birds—such as the house sparrow—
being more likely to be brought home and not be eaten in situ
(Fitzgerald and Turner, 2000).

The Tolerability and Acceptance of the
Colorful Collar-Covers by Cats and Their
Owners
No cats were injured due to the quick-release collar or the BBScc
during the study phase. The BBScc appears to be a welfare
issue for only a small number of study cats, while most were
habituating quickly to it. High rates of tolerance have also been
reported by a similar study (Willson et al., 2015). Our experience
suggests that many of these issues may be overcome if the cat is
slowly familiarized with the BBScc and/or the quick-release collar
underneath prior to their first use. In our experimental design
we could not determine whether behavioral salience was due to
the BBScc or the quick-release collar underneath (see Materials
and Methods section, Figure 1), especially in cats which do not
usually wear a collar. However, some issues related to the BBScc,
such as frequent scratching (especially when wet), might, together
with the clownish appearance of the BBScc to many humans,
limit its widespread use among cat owners.
The unusual appearance of the BBScc might be the reason why
it often meets with incomprehension among people. However,
most cat owners are interested in reducing predation of their pet
cats by some means (Crowley et al., 2020), although perceived
risks to their pets might reduce the owners’ acceptance of collar
mounted devices in general (Thomas et al., 2012). Therefore,
widespread public awareness campaigns to make the function of
BBScc better known, as well as alternative and/or supplementing
actions compliant with high animal welfare standards, might pose
a productive and constructive avenue to decrease hunting activity
and predation rates by domestic cats, without fueling conflicts
among cat owners and conservationists (Crowley et al., 2020).
For example, a recent study suggests that frequent playing with
the cat and high protein content of the cat diet can decrease
the predation rate (Cecchetti et al., 2020, 2021b). Although
this somewhat contrasts with previously presented evidence
that preying takes precedence over food consumption (Adamec,
1976), such measures could be considered as complements to
the use of collar mounted devices, if protein rich cat food can

Prey Brought Home=Prey Killed?
It is important to note that the number of prey brought home
by cats almost certainly underestimates the total number of
prey killed by cats. Studies applying collar-mounted cameras
found that only about 20% of prey killed by cats were actually
brought home (Loyd et al., 2013; Seymour et al., 2020), while
the rest was eaten or left behind in situ. However, there is no
reason to suspect that the BBScc or the bell change the rate
of prey brought home [Cecchetti et al. (2021b); also because—
contrary to the main trend—the number of prey brought home
in a few households increased during the phase when BBScc
(and the bell) was worn; Figure 3]. Additionally, a recent study
investigating nutrition specific nitrogen stable isotope ratios in
whiskers of owned cats showed that wearing a BBScc also reduced
the actual consumption of wild prey (Cecchetti et al., 2021a).
Thus, we consider the estimate of “prey brought home” to be
stable across study phases and an accurate index of hunting
activity and success.
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Written informed consent was obtained from the owners for the
participation of their animals in this study.

be produced sustainably (Okin, 2017). It would be particularly
valuable to apply such measures in areas that are habitats of
endangered species, including urban areas (Ineichen et al., 2012;
Legge et al., 2020). As an—yet to study—asset for the promotion
of the BBScc might be its fluorescent rim, which might increase
the visibility of the cats for automobilists.
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Outlook
Although one of the studies investigating the BBScc found no
influence of the cat’s sex, age, and home location on variation of
prey mortality with and without BBScc (Willson et al., 2015), it is
still to be investigated whether other confounding variables such
as e.g., body weight and coat length might influence the effect of
the BBScc. Specifically, the BBScc might be less effective in large
cats with long fur, where the BBScc stands out less conspicuously.
Our sample size does not allow to account for such confounding
variables and further studies with an increased sample size might
better inform about their potential influence. Further studies
might also investigate an improved BBScc design. This could
include an improved consideration of the visual and auditory
capabilities of different prey taxa in relation to the taxon-specific
hunting strategy of cats, as well as the habitat where the cats are
hunting (e.g., more light and therefore higher likeliness of the
BBScc functioning also by night in more urbanized areas). Effects
of habituation (also long term) should be considered. This could
be accomplished via a longer habituation period to the collar and
the collar-cover, as well as the usage of plain black collars during
the control-phase. Combinations of different, improved collar
mounted devices, together with easy to implement measures at
home (e.g., playing with the cat, feeding high-protein cat food)
would be avenues of research worthwhile pursuing to explore all
possibilities to optimize protective measures to reduce the impact
of domestic cat predation.
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