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Abstract

Across the globe there is an increasing number of initiatives promoting biodiversity in urban areas — both for the benefit of native
wildlife and the people who live in cities. In these situations, the role that companion animals, such as cats and dogs, play as
predators of wildlife becomes increasingly important. The objectives of this case study were two-fold. Firstly, to investigate
activity patterns of domestic cats inside a 75 ha urban reserve; and secondly, to survey the attitudes and beliefs of the community
neighbouring the reserve about pet ownership and the threat that domestic cats and dogs may pose to native wildlife. Twelve
motion-activated camera traps were triggered by cats 83 times during the 32-day study period. Distance from reserve edge was
found to affect the rate of cat detection, with almost six times as many cat-related triggers 25 m from the reserve edge than at
100 m. Distance from the nearest walking track within the reserve had no significant effect on detection rate. The online survey
found that the urban reserve is highly valued by the local community for its provision of habitat for native wildlife and, in general,
there is strong agreement that the threat cats pose to native wildlife is a problem. Attitudes of cat owners, however, did differ from
those of non-owners, especially in their degree of support for suggested solutions. Advocacy and education about the effects of
cats on native wildlife may alter the behaviour of cat owners who value native biodiversity, however, these strategies alone are

unlikely to persuade pet owners who are not motivated by conservation goals.

Keywords Biodiversity value - Domestic cats - Felis catus - Pet ownership - Predation - Urban biodiversity

Introduction
Urban biodiversity and cats

As evidence for the importance of human-nature relationships
grows (Dearborn and Kark 2010; Aaron and Witt 2011; Cox
et al. 2017), there is an increasing desire internationally to
encourage the proliferation of biodiversity in urban environ-
ments where the majority of people now live (Dunn et al.
2006; United Nations 2014). In some cities, this is resulting
in changes to urban ecosystems with restoration and occasion-
ally reintroduction of native flora and fauna (Miskelly and
Powlesland 2013; van Heezik and Seddon 2018). Many such
initiatives have been successful at achieving conservation
goals (Hannon and Hafernik 2007; Miskelly and Powlesland
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2013; Vieira et al. 2015) and at engaging the public
(Silvertown 2009; Peters et al. 2015). However, sometimes
these changes to the urban ecosystem can create social ten-
sion, either when the restored biodiversity negatively impacts
human interests (Charles 2012; Soulsbury and White 2015),
or where the existing behaviours of people adversely affect the
survival of species being targeted by conservation. One source
of such tension is wildlife predation by free-roaming, owned
domestic cats (van Heezik 2010).

Cats have lived as commensals with humans for over ten
thousand years and are now one of the most common pets
worldwide (Driscoll et al. 2007). As pets, cats increase aware-
ness and lay-person understanding about animals and have
helped shape human values about nature (Twardek et al.
2017), however, the predatory nature of felines, in combina-
tion with traditions around cat ownership that permit them to
roam freely, makes predation of wildlife by cats a highly com-
plex, global conservation issue (Loss and Marra 2017). Cats
have been implicated in 26% of bird, reptile and mammal
extinctions worldwide since 1500 AD (Doherty et al. 2016).
While their effects are most severe on islands with prey that
are naive to mammalian predators, they also have damaging
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effects in continental systems where other carnivores are pres-
ent because cat populations are inflated above the carrying
capacity of the ecosystem by humans subsidising cats with
food, shelter and vaccination (Beutel et al. 2017).
Exacerbating the threat of a high abundance of cats in residen-
tial areas is evidence that cats can travel great distances. GPS
tracking studies conducted in suburban and periurban envi-
ronments show that cat home ranges vary considerably by
individual, but can be as large as 20 ha (Barratt 1997; Kays
and DeWan 2004; Metsers et al. 2010; Hall et al. 2016a). This
means that parks, reserves and natural environments that are
close to residential areas are likely to be entered by cats.

Debate around management of cats is often polarising
(Peterson et al. 2012) and despite the body of evidence show-
ing that cats kill large quantities of wildlife (e.g., 100-350
million birds per year in Canada, Blancher 2013; > 20,000
silvereyes (Zosterops lateralis) per year in Dunedin, New
Zealand, van Heezik et al. 2010; also Loss et al. 2013;
Krauze-Gryz et al. 2017), cat advocacy groups have often
pointed at the lack of conclusive evidence that cats can affect
species at the population level (RSPB 2018). However, a syn-
thesis of the available research on this topic by Loss and Marra
(2017) argues that evidence of such impacts is compelling and
stresses the importance of exercising precaution in the face of
uncertainty when it comes to management of cats (sensu
Calver et al. 2011).

Cats in New Zealand

The threat of feline predation upon native wildlife is well
known in New Zealand (Kikillus et al. 2017). Like many
introduced mammals, cats are successful hunters of the
country’s naive native fauna which are evolutionarily ill-
adapted to cope with mammalian predators. There are many
examples of predation by cats (Flux 2007; van Heezik et al.
2010) including at least one extinction in New Zealand: the
last known Stephens Island wren (Traversia lyalli) was pur-
portedly killed by the lighthouse keeper’s cat (Galbreath and
Brown 2004).

In many cities worldwide, parks and reserves provide im-
portant habitat for native wildlife (Lerman et al. 2014;
Fernandez-juricic and Jokimidki 2001; Wellington City
Council 2015). However, given the high densities of cats in
New Zealand cities (220-250 kmfz, van Heezik et al. 2010)
and what is known about their home range sizes, biodiversity
in urban reserves is likely to be at risk from cat predation. Cat
ownership is deeply entrenched in New Zealand’s culture, as it
is in much of the western world, and historically there have
been few restrictions on cat ownership compared with dog
ownership (van Heezik 2010). While other introduced mam-
malian predators such as rodents, mustelids and possums can
be controlled in reserves by trapping or poisoning, and free-
roaming dogs prohibited, fewer regulations exist for cat
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ownership. In Wellington, New Zealand, proposed changes
to an animal bylaw requiring microchipping and registration
of cats were met with much public controversy (Radio New
Zealand 2016). While many people agreed with the proposal,
presumably due to perceived benefits for endemic wildlife,
others felt that the proposed changes were an encroachment
upon their rights and threatened the safety of cats (Feline
Rights New Zealand 2015). It is likely that people with com-
panion (pet) cats may feel differently about the policy than
those who do not own cats. In an international study, Hall
et al. (2016b) found that while the percentage of owners and
non-owners who believed it important to have wildlife in cit-
ies was approximately equal, 78% of non-owners believed
that cats killing wildlife in urban areas was a serious problem
compared with only 51% of cat owners. These differences of
opinions probably stem from either differences in perceived
knowledge about the ecological impacts of cats as predators,
or differences in values for either cats or urban biodiversity.
Beliefs and perceived impacts vary widely among different
groups of stakeholders (Wald et al. 2013), including cat
owners (McLeod et al. 2017). For example, while most cat
owners are very concerned about the welfare of their pets,
others have little attachment and are largely indifferent to their
welfare (McLeod et al. 2017).

Aims

The issue of cat predation of wildlife is complex and multi-
faceted. While there is a growing body of literature on single
aspects of the issue (e.g., prey collected by cats, roaming be-
haviour or public attitudes) very few studies have attempted to
integrate multiple factors. Here we integrate two key facets of
the issue in one study system: one ecological (cat activity) and
the other social (the attitudes and practices of citizens). The
present case study had two key objectives. Firstly, to investi-
gate the distribution of free-roaming domestic cat activity
within an urban reserve in Wellington; and secondly, to inves-
tigate the views and beliefs of the community neighbouring
the reserve regarding pet ownership and the threat that domes-
tic animals pose to native species. It was hoped that examining
the attitudes of residents living immediately adjacent to the
reserve would provide information about a subset of the public
whose actions regarding cat ownership and management
could make a difference to biodiversity in the reserve. It also
serves to illustrate what level of support might be expected for
a variety of potential policies and what opportunities exist in
the community for improved education and advocacy.
Specifically, the study addressed the following questions: 1.
how does the activity of free-roaming domestic cats vary
across the reserve, and does distance from the reserve edge
and distance from nearest walking track make a difference? 2.
what are the attitudes and beliefs of the residents neighbouring
the reserve regarding ownership of domestic cats and the
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threats pets can pose to native wildlife, and how do these
attitudes vary with proximity to reserve and pet-ownership
status?

Methods
Site description and species

Wellington, the capital city of New Zealand, has seen a recent
resurgence in endemic avifauna aided by the creation of the
Zealandia ecosanctuary and city-wide control of introduced
possums (McArthur et al. 2018; Miskelly 2018; Brockie and
Duncan 2012). Nestled in suburban Wellington, Zealandia is a
225 ha wildlife sanctuary enclosed by a specially designed
fence that keeps it free of all mammalian pest species except
mice (Fig. 1). Since the completion of the fence in 1999 the
sanctuary has been the recipient of a number of successful bird
translocations including kaka (Nestor meridionalis
septentrionalis), toutouwai (Petroica longipes), ticke
(Philesturnus rufusater), korimako (Anthornis melanura)
and hihi (Notiomystis cincta) (Miskelly and Powlesland
2013). The sanctuary, along with widespread pest control by
Wellington City Council (WCC), has also facilitated the
growth of existing native bird populations such as kerera

(Hemiphaga novaeseelandiae) and tui (Prosthemadera
novaeseelandiae) which are now prolific in the surrounding
suburbs (McArthur et al. 2018; Miskelly 2018; Brockie and
Duncan 2012).

Adjacent to the Zealandia sanctuary on its north-eastern
boundary, is the 75 ha Polhill Reserve, ten minutes from cen-
tral Wellington and surrounded by the suburbs of Aro Valley,
Highbury and Brooklyn (Fig. 1). Popular with mountain
bikers, runners and birdwatchers, the reserve is maintained
through the collaboration of the city council and a number
of community groups: Waimapihi Trust, Aro Valley
Restoration Project, Brooklyn Trail Builders, and Polhill
Restoration Project (PRP) (Prebble 2015, unpublished
report). Due to its proximity to Zealandia, Polhill Reserve
receives many birds that ‘spill over’ the fence. While bird
species such as kerer, tiif and kaka thrive in the reserve, other
species such as korimako, tieke and toutouwai are restricted to
low numbers and breeding is rare (P. Stanley Ward, PRP, pers.
comm. 2016).

Rats (Rattus spp.) and mustelids (Mustela spp.), are con-
trolled by PRP and possums (7richosurus vulpecula) are man-
aged every 3 months by WCC (Prebble 2015, unpublished
report). Residual abundances of these three taxa are monitored
by PRP and WCC, however there are currently no methods
used to quantify the abundance or distribution of domestic

Fig. 1 a Locations of Zealandia (outlined in blue with hatching) and Polhill Reserve (outlined in yellow) relative to Wellington CBD (outlined in red). b

Location of Wellington City, New Zealand. Satellite image: LINZ 2016
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animals in the reserve, despite cats being frequently seen and
many people using the reserve to exercise dogs (P. Stanley
Ward, PRP, pers. comm. 2016).

Measuring cat activity in the urban reserve

Cat activity was measured using motion-detecting cameras
(Bushnell Trophy Cam, Model No. 119677¢/119736c¢).
Using buffer functions in ArcGIS software (v. 10.3.1; ESRI
2015) locations were identified in Polhill Reserve that were
either 25 m or 100 m from the reserve edge and at the same
time either 10 m or 50 m from the nearest track. This provided
a set of 56 potential locations comprising four different dis-
tance combinations (see legend of Fig. 2). Cameras were
installed at 12 of these locations: three at each of the four
distance combinations (Fig. 2). These locations were selected
based on: availability of trees for camera attachment and hav-
ing a clear field of view. Cameras were installed on trees at
heights of approximately 1 m from the ground. Using the
methods of Anton et al. (2018a, b), they were positioned hor-
izontally facing uphill or angled towards the ground 1.5-2 m
in front, operated 24 h a day and were set to take three photos
over a 3 second period when triggered. The cameras were in
place from August 30 to September 30, 2016.

On September 3, corflute chew cards baited with cat food
were installed on trees within the field of view of each camera
to test their efficacy as a lure and detection method for mam-
malian predators. These were made, installed and inspected
using the methods of Sweetapple and Nugent (2011). The
chew cards remained in place until September 30 when the
cameras were retrieved.

Evaluating community beliefs about pet ownership

All street addresses within 100 m of the reserve were selected
to receive a questionnaire. Addresses were identified by cre-
ating a 100 m buffer around the outside of the reserve using
ArcGIS software (ESRI 2015). This buffer was used to select
street addresses from the ‘NZ street address (electoral)’ layer
available from the Land Information New Zealand database
(https://data.linz.govt.nz/layer/ 50779-nz-street-address-
electoral-deprecated/ Accessed 26 Sept 2016). This resulted
in the selection of 465 residential addresses in the suburbs of
Aro Valley, Brooklyn and Highbury (Fig. 2). On September
27, flyers informing residents of an online survey (and
directing them towards its URL) were delivered at all ad-
dresses where letterboxes were present (n=447) between
the hours of 10 am and 6:30 pm. That evening the survey
was publicised on social media via the Polhill Restoration
Group Facebook page. The survey was closed after 21 days,
on November 18.

Questions in the survey were designed firstly, to categorise
respondents by pet ownership status, proximity of their
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Fig. 2 Map of Polhill Reserve showing tracks (black lines), reserve edge P>
(yellow line) and location of camera traps. Marker colour indicates
distance from nearest track (blue =10 m, white =50 m) and marker
shape indicates distance from reserve edge (squares =25 m, triangles =
100 m). Numbers within markers indicate total number of cat triggers at
each camera. Addresses within 100 m of reserve are shown as black dots
within semi-transparent yellow polygon. Satellite image: LINZ 2016

property to the reserve and their degree of ‘environmental
investment’, and secondly, to record their level of agreement
with 14 statements reflecting attitudes and beliefs about pet
ownership and the threat that cats and dogs may pose to native
wildlife (see list of statements in Table 1). Participants record-
ed their responses to statements on a 5-point Likert scale
where 1 indicated strongly disagree and 5 indicated strongly
agree.

Statistical analysis

Images from all cameras were viewed and the number captur-
ing each animal species recorded. Images containing cats were
used to create a metric of ‘cat triggers’: the total number of
independent trigger events capturing photos of cats per camera
for the duration of the study period. Attempts to determine a
natural interval for independence based on the clustering of
observations, sensu Brook et al. (2012), did not reveal a clear
cut pattern. We therefore used a threshold of 30 mins as in
Brook et al. (2012), assuming that the occurrence of repeat
‘captures’ in this study would be similar given the same spe-
cies were involved. For every image capturing a cat, the cat’s
fur length, colour and any other potentially identifying fea-
tures (e.g., collar) were recorded in the hope that these might
allow identification of individuals.

Due to the study’s small scale (within a single small re-
serve, where cats regularly migrate across its boundary), and
the fact that individual cats could not always be distinguished,
we were unable to make estimates of cat abundance. We in-
stead focussed on cat activity and reason that, given the high
variability of hunting behaviour and range size of domestic
cats (Morgan et al. 2009), a single, very active cat could inter-
act with wildlife as much as several less active cats.

To assess the effect of distance from reserve edge and dis-
tance to nearest track on cat activity, a generalised linear mod-
el (GLM) was used. Number of cat triggers over the 32-day
study period was the dependent variable and distance of cam-
era from both the reserve edge and the nearest track were fixed
factors. A Poisson distribution of errors was assumed.

The effect of chew cards on the rate of cat triggers was
assessed using a generalised linear mixed model with a
Poisson distribution of errors. Number of cat triggers was used
as the dependent variable, with time grouped into three 5-day
periods as a fixed factor and individual camera as a random
factor. Cat triggers recorded between August 30 and
September 13 were divided into three periods for analysis:
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5 days prior to chew card installation, 5 days immediately after
installation and 5 days after this. The assumption being that
the potential lure of cat food would be most effective when
fresh (i.e., within 5 days of deployment).

It was expected that the different modes of recruitment for
the survey (information flyer in mailboxes vs. social media)
could introduce bias, as respondents living more than 100 m
from the reserve (who learnt of the survey via social media)
might be more involved in conservation or have a greater con-
nection with nature on average than those who received phys-
ical flyers in their mailboxes. To test for this, a chi-squared test
for homogeneity was performed using an ‘environmental in-
vestment index’ (EII) to compare respondents who received a
flyer (and therefore lived within 100 m of the reserve) with
those who reported living within 500 m but did not receive a
flyer. The EII was a binary variable, where 1 coded for partic-
ipants who responded yes for either “Are you involved in any
community ecological restoration groups?” or “Do you regu-
larly donate or volunteer with a conservation, environmental or
otherwise nature-focused organisation?”” and 0 coded for nei-
ther. This same test was used to assess whether cat owners and
non-cat owners within the 500 m ‘neighbourhood’ differed sig-
nificantly in their investment in the environment.

To simplify the analysis, responses to the 14 statements in
the survey were coded to create a binary measure of agree-not
agree (as suggested by Hall et al. 2016b). This was achieved
by coding responses of 4 and 5 (agree and strongly agree) as 1
(agree) and 1, 2 and 3 (strongly disagree, disagree and not
sure/neutral) as 0 (not agree).

For residents living within 500 m of the reserve, GLMs
were used to assess the relationships between the predictor
variable: pet ownership status, and dependent variable: agree-
ment with statements. These used a binomial distribution with
a logit link. All GLMs were fitted in R v.3.3.2 (R Core Team
2013) using the GLM function from the stats package.

Results
Distribution of cats in the urban reserve

The 12 camera traps were triggered 4,396 times in total and
together collected 13,188 images. A large proportion of these
were false triggers resulting either from movement of the tree
to which the camera was tethered, or from the movement of
vegetation in front of the camera. The number of false triggers
varied widely between cameras depending on what vegetation
type was in its line of sight. A wide variety of animals trig-
gered the camera. Birds were frequently captured, especially
introduced species such as blackbirds (Turdus merula), chaf-
finches (Fringilla coelebs) and sparrows (Passer spp.), but
also occasionally native birds such as kaka (n=75), tieke
(n=1) and karearea (Falco novaeseelandiae) (n = 1). Images

of mammals were rarer. Thirty trigger events captured rabbits
or hares (Family: Leporidae), 14 rats and 11 mice (Mus
musculus). People were also captured by cameras: most un-
wittingly, although a few did interact with the chew cards and
cameras. No dogs were detected at any of the camera sites.
The total number of ‘independent’ cat triggers across all cam-
eras was 83, with cats being detected at 11 of the 12 camera
locations and on 31 of the 32 days that the cameras were
operational. Many cat triggers appeared to involve the same
individuals (possibly at multiple cameras), however, accurate
identification of all individuals was not possible. Eight indi-
viduals were distinguished based on differences in colour,
pelage pattern, hair length and presence of a collar, however
it is likely that this number underestimates the total number of
different cats detected.

Cats were present in the reserve at all times of day, although
rates did vary: the highest number of cat triggers was detected
between 6 pm and 10 pm, and the lowest between midnight
and 8 am (Fig. 3).

Cats were over five times more likely to be detected close
to the reserve edge (25 m in) compared to further in at 100 m
(z=-3.629; p<0.001) with an average of 11.83 +5.19 trig-
gers per 32 days at 25 m from the reserve edge compared with
2.00+0.58 at 100 m. Distance from track did not have a
significant effect on the number of detections (z=-1.007;
p=0.314) and there was no significant interaction between
these two variables (z=0.845; p = 0.398) (Fig. 4).

Of the 12 chew cards installed, none showed any bite
marks or indentations. This was surprising given that photo-
graphs showed rats and cats licking or sniffing cards on 22
independent occasions (e.g., Fig. 5). The 5-day period imme-
diately following installation of chew cards saw an 80% in-
crease in cat triggers compared with both the 5 days prior to
installation and the period 610 days after installation (Fig. 6).
The results of the generalised linear mixed model, however,
found no significant effect of time period (z=-1.490, p =
0.136) on the number of cat trigger events.

Community beliefs about pet ownership

In total, 166 people responded to the survey and of these 61
received information flyers in mail boxes (37%; response rate
of mail drop=14%). The remaining respondents reported
finding out about the survey via social media (51%) and word
of mouth or email (12%), particularly through community
organisations. The majority of responses (60%) came from
the three suburbs bordering the reserve; Aro Valley,
Brooklyn and Highbury, but others came from more distant
Wellington suburbs, the farthest from 18 km away.
Eighty-nine respondents were classified as living within
500 m of Polhill Reserve and of these 32 owned cats, 14 owned
dogs, 3 owned both cats and dogs, and 42 did not own a pet.
Other pets listed included rabbits (n = 1), chickens (n =3) and
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Fig.3 Probability density function of cat triggers at different times of day.
Grey rectangles represent night. Dashed lines represent the earliest and
latest sunrise and sunset times during the 32-day study period (from

other birds (7 = 1). Over half of these respondents (50%) report-
ed visiting the reserve at least once a week and only five (5%)
had never visited the reserve (Fig. 7a). The community uses the
reserve for a wide range of activities, the most popular being
walking (89% of people), running (31%) and bird watching
(31%) (Fig. 7b). Other uses suggested by participants included
clearing traps, weeding and teaching children about nature. The
most frequent response to the question “What attributes do you
most value about the reserve?” was that it provides habitat for
native wildlife (93%). This was closely followed by the provi-
sion of ‘green-space’ (85%) and that the reserve offers an es-
cape from the city (58%) (Fig. 7c¢).

Results of the chi-square homogeneity test showed no sig-
nificant differences in the Environmental Investment Index
(EIT) among the respondents living <100 m from the reserve
and those living between 100 m and 500 m away (x° = 0.538,
df=1,n=89, p=0.463). There was also no significant differ-
ence in EIl among cat owners (CO) and non-cat owners (NO),
(X2 =0.096, df=1, n=88, p=0.757), however these groups
did differ in their responses to other statements.

Perceptions of cats as predators differed by ownership sta-
tus. A significantly higher proportion of non-cat owners
agreed that cats posed a threat to native wildlife in urban
reserves (Statement 1, NO =95% cf. CO =72%) and that this
threat was a problem (Statement 3, NO =95% cf. CO =69%)
(Table 1, Fig. 8).
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www.timeanddate.com; accessed 19/5/19). All times given in New
Zealand Standard Time. Vertical lines below plot indicates the
distribution of observations (n = 83)

Attitudes towards the proposed actions that could reduce
cat predation on wildlife also differed. Almost double the pro-
portion of non-cat owners compared with cat owners agreed
that the local government should enforce stricter regulations
on ownership (Statement 6, NO = 82% cf. CO =44%) and that
cat-free zones were a good solution to the issue of cat preda-
tion (Statement 10, NO = 68% cf. CO =39%). More than dou-
ble the proportion of non-cat owners over cat owners agreed
that keeping all cats inside or on an owner’s property would be
a good solution (Statement 7, NO=61% cf. CO=25%)
(Table 1, Fig. 8).

The reverse was true for the statement that making a
cat live indoors is unethical and unfair on the cat
(Statement 8, NO=38% cf. CO=81% agreement).
Ownership status groups also differed significantly in
their agreement with the statement that “Free roaming
domestic cats are beneficial to native wildlife as they
reduce populations of rats and mice” with a significant-
ly higher proportion of cat owners agreeing (Statement
11, NO=13% cf. CO=59%) (Table 1, Fig. 8). All oth-
er differences in the proportional agreement with state-
ments were non-significant.

Of'the 72% of owners who agreed with the statement “Cats
pose a threat to native wildlife in urban reserves” 13% did not
agree with the statement “The threat of predation by cats on
native wildlife is a problem”.


http://www.timeanddate.com

Urban Ecosyst (2019) 22:1123-1137

1131

35 ° Distance from
| nearest track (m)
5 o 10
30 ® 50
25 — .
@ :
= :
(] :
© 20 .
o) '
(®)] '
2 !
T
o 15
o
o
z
10 [
5 — °
—
S
o
B
0 — —o0—
T T
25 100

Distance from reserve edge (m)
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on number of cat trigger events over a 32 day period (p <0.001). Colour of
overlaid data points indicates camera’s distance from nearest track

Discussion
Cat distribution in Polhill reserve

Cats were detected at all but one camera location in Polhill
Reserve and it is therefore likely that cats are not only frequent
visitors to the reserve, but also may be present (albeit at vary-
ing densities) across much of its total area. The finding that
cats were more frequently detected close to the reserve edge is
consistent with findings from a number of other studies
(Barratt 1997; Kays and DeWan 2004). A study at another
urban reserve in Wellington (Greater Wellington Regional
Council 2016, unpublished report) reported a pronounced de-
crease in cat activity between 50 and 100 m from the urban
fringe but also found that one cat was detected at the camera
farthest from the urban fringe (600 m). This indicates that even
though the activity of cats may initially drop rapidly, some
individual cats may roam many hundreds of metres into re-
serves from the urban fringe. Previous research shows that
home ranges of cats in suburban areas vary widely depending
on numerous factors (Hall et al. 2016a). Two New Zealand
studies report ranges between 0.2 ha and 19 ha but averaging
about 3 ha (Barratt 1997; Metsers et al. 2010). Using circular

home ranges and assuming these range sizes are representative
for the Polhill neighbourhood, cats might be expected to pen-
etrate on average 98 m into the reserve with some cats pene-
trating up to 246 m. This is consistent with the results of the
present study. Given that most of the reserve is within 150 m
of the nearest house (the maximum distance to nearest house,
close to the Zealandia fence, is around 400 m) it is likely that a
large proportion of the reserve falls within the home ranges of
cats resident near the reserve boundary. Although the majority
of our camera locations were closest to the eastern edge of the
reserve, it seems likely that cat activity should be similar at
equivalent distances from the north-western edge.

It is possible that some of the cats captured were feral or more
likely stray (feral cats are considered those whose populations are
not dependent upon human activity, while stray cats receive some
provisioning from humans, even if only through scavenging
(Farnworth et al. 2010)). However, given that collars were pres-
ent on some animals, nearly 40% of survey respondents within
500m own cats, and WCC has no records of feral populations in
the area, (H. Louw, WCC, pers. comm., 2019) it seems likely that
the majority should be owned.

While direct predation upon native species is of primary
concern, free-roaming domestic cats have also been shown to
have important indirect effects on avian nest success. The
presence of a domestic cat around blackbird nests, even for a
short period of time, can significantly reduce fecundity by
changing parental provisioning rates and increasing rates of
nest predation by other species (Bonnington et al. 2013). In
addition to occasions of direct predation, it is possible that cat
presence may change the foraging behaviours of birds dispers-
ing from the Zealandia sanctuary, interfering with reproduc-
tive processes and reducing the likelihood of successful estab-
lishment within Polhill Reserve.

Distance from track was not found to have an effect on the
frequency of cat detection. Morgan et al. (2009) reported that
cats found in an urban reserve most frequently used walking
tracks, however, the use of tracks in this reserve for activities
such as running, dog walking and mountain biking may also
deter cats from these areas. Cameras were not placed directly
on tracks in the hope of minimising human interference and it
is possible that our cameras missed cats that accessed the
reserve primarily along tracks. As a result, our results may
underestimate cat activity in the reserve.

This is likewise true for dogs. Although no dogs were de-
tected by the cameras, 15% of survey respondents reported
using the reserve for dog exercise, and in the course of the
field work for this study dogs were frequently seen both on
and off-leash. It seems likely that off-leash dogs remain pri-
marily on tracks and were therefore not detected. There have
been a number of reports of dogs off-leash attacking and kill-
ing birds in Wellington including fledgling kaka and a ticke in
Polhill (Radio New Zealand 2017), however, further research
is required to quantify this issue.
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Fig. 5 Photograph from motion-detecting camera showing a domestic cat interacting with a corflute chew card

Fig. 6 Number of cat triggers
during 5-day periods before and
after the installation of chew card
lures (N =12 cameras). Camera-
level data values are integers, but
lines have been jittered for clarity.
Error bars around averages are
standard errors
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(n=287). Total height of each bar indicates number of responses. The

Chew cards baited with cat food were found to be ineffective
as a tool for detecting cats, although this study does not rule them
outas a lure to be used in combination with cameras. Anton et al.
(2018b) found that peanut butter lures increased the efficiency of
cameras for detection of rats and mice. Given that the third 5-day
period received interaction rates the same as before the installa-
tion of chew cards it seems likely that bait freshness is an impor-
tant factor determining rate of interaction. A longer-lasting and
easier to refresh alternative lure is rabbit meat in a perforated
plastic container as used by Greater Wellington Regional
Council (Greater Wellington Regional Council 2016,
unpublished report). Additionally, Bengsen and Butler (2011)
stress the importance of using visual as well as food-based lures
when estimating cat abundance as cats rely heavily on visual
cues for hunting and the use of food-based lures alone may
appeal only to a subset of the cat population.

Community attitudes towards the reserve and pet
ownership

The majority of residents agree that cats pose a threat to native
wildlife (86%, Table 1) and that this threat is a problem (85%).
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This is similar to another New Zealand study that found that 69%
of the 1011 participants were concerned about predation on na-
tive wildlife by companion cats (Walker et al. 2017). The higher
proportion identified in the present study is possibly due to the
demography of the neighbourhood which has been found to
relate to degree of concern (Grayson et al. 2002; Walker et al.
2017). The high level of concern is reinforced by the finding that
Polhill Reserve is highly valued by the community for the habitat
it provides for native wildlife. There is also a high level of agree-
ment that pet owners should take steps to reduce the threat posed
by their animal to wildlife (88%).

There is generally less support, however, for the enforce-
ment of stricter regulations by local government (68%) and
many of the suggested solutions to the problem of wildlife
predation by cats, such as confining cats to indoors or the
owner’s property (48%), or cat exclusion zones (58%).
These results mirror those of a similar Australian study which
found mixed support for 24 h confinement (Travaglia and
Miller 2018). For the statements proposing solutions, views
were particularly divergent among cat owners and non-cat
owners. Very few owners of cats agreed that keeping cats
indoors or contained on the owner’s property was a good
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3. The threat of predation by cats on native wildlife is a problem*
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4. The threat of predation by dogs on native wildlife is a problem
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5. Pet owners should take steps to reduce the threat posed by their animal to wildlife
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6. Local government should enforce stricter regulations on pet owners to protect wildlife*
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NO NN V7222,

7. Keeping all cats inside or on an owner’s property is a good solution to the issue of cat predation on wildlife*
cO 7777772777777777777777777
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8. Making a cat live indoors in unethical and unfair on the cat*
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9. Having a cat wear a collar with a bell reduces its threat to wildlife
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10. ‘Cat-free zones’ are a good solution to the issue of cat predation*
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11. Free-roaming domestic cats are beneficial to native wildlife as they reduce populations of rats and mice*
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12. Some reserves or natural areas should be dog-free
CcoO

Pz

13. Walking a dog on a leash reduces its threat to wildlife
CcoO

14. Certain breeds of dog present no threat to wildlife
CcoO
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Fig. 8 Percentage of responses to each level on the Likert scale for the 14 statements (upper = cat owners (CO) and below =non-cat owners (NO)).
Asterisks indicate significance (p < 0.05). n =88 for all statements except 2, 10 and 14 for which n =87)

solution to the problem (25%), with a large proportion agree-
ing that this is unethical (81%). Views and practices about
keeping cats indoors differ strongly among cultures. The
U.K. is similar to New Zealand with 6% of cats living exclu-
sively indoors, while in the U.S. and Japan confinement is
very common with more than 70% of all cats being kept in-
doors (Hall et al. 2016b). These differences may be attributed
to threats to cats that exist in these countries (e.g., predation of
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cats from other wildlife or traffic accidents) or the lifestyles of
owners (Hall et al. 2016b). In Australia, a number of councils
have implemented cat-confinement zones which require cat
owners to keep cats inside between sunrise and sunset (van
Heezik 2010). Councils say that confinement of cats offers
benefits to both the cat and wildlife safety and has no negative
implication for cat wellbeing if environmental enrichment is
provided (City of Kingston 2016).
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For cities in which councils or managers wish to reduce the
number of cats in urban reserves for the sake of biodiversity, it
is especially important to consider the values and beliefs of cat
owners as it is the behaviours of this group that have the
largest impact (Linklater et al. 2019). By looking at the re-
sponses of cat owners to statements 1 and 3 (Table 1) it is
possible to categorise owners into three groups that might be
approached in different ways: 1. those that do not agree that
cats pose a threat to native wildlife; 2. those that agree that cats
pose a threat to wildlife and that this threat is a problem; and 3.
those that agree that cats pose a threat but do not agree that this
is a problem (Fig. 9).

More than one quarter (28%) of cat owners surveyed fell
into the first category, indicating that further education about
the ecology of cats as predators in urban ecosystems (van
Heezik et al. 2010) as well as the complexity of community
dynamics may alter their understanding. This latter point
could be particularly important as the greatest disparity be-
tween owners and non-owners was over the statement “Free-
roaming domestic cats are beneficial to native wildlife as they
reduce populations of rats and mice” (NO=12% cf. CO=
59%). Although there is substantial theoretical and practical
evidence for meso-predator release (the increased abundance
of a medium-sized predator, such as rodents, after removal of
the apex predator that was supressing it) in systems involving
cats (Courchamp et al. 1999; Rayner et al. 2007), the assump-
tion that this will occur in all contexts is challenged
(Elmhagen and Rushton 2007). Further research on this topic
is needed. The significant trapping effort that is maintained in

“Cats do not pose a threat to
native wildlife”

“Cats are a threat to
native wildlife (but this is
not a problem)”

threat to
wildlife” AN
“this is a
problem”

D

Fig. 9 Venn diagram illustrating public perceptions about wildlife
predation by cats and strategies for affecting change in public
knowledge (arrows)

Polhill Reserve means that cats are unlikely to play as large a
role in controlling rat and mustelid populations here as they
might in other ecosystems. Providing information about the
effectiveness of trapping may eliminate a key justification for
allowing cats to roam freely in the reserve.

Over half (66%) of cat owners agree that cats pose a threat
to native wildlife and that this threat is a problem, similar to
the results of other studies (e.g., 70% of respondents agreed
cats in wildlife reserves are harmful to wildlife, Lilith et al.
2006) This group is likely to be willing to consider steps that
will reduce the threat of their animal to wildlife (e.g., use of
belled collars, confinement) and perhaps may decide not to
replace their cat. Many approaches that are likely to be accept-
able to cat owners, are effective at reducing predation rates.
Research has shown that the use of belled collars, for example,
reduces the catch rate of cats by around 50% (Ruxton et al.
2002; Gordon et al. 2010) and a number of other products
developed have been tested with varying results (Calver
et al. 2007; Calver and Thomas 2011; Hall et al. 2015).

A small number of the cat owners surveyed (9%) agree that
cats pose a threat to native wildlife but do not agree that this is
a problem. This group presumably value ownership of a cat
above the proliferation of native wildlife, at least in an urban
context, thus education about the detrimental effects of free-
roaming cats is less likely to change the behaviour of this
group. Recent studies have addressed the challenge of chang-
ing owner behaviour (McLeod et al. 2015, 2017; MacDonald
et al. 2015; Linklater et al. 2019). In particular, it appears that
owners are often less persuaded by advocacy to protect wild-
life, but more often by a desire to improve their pet’s welfare
and to act for their own convenience.

Our study was only conducted at a single reserve and there-
fore conclusions about cat behaviour should not be
overgeneralised from our results alone. Nonetheless, it pro-
vides valuable data of the local community’s attitudes and
beliefs at a time when national and international debate about
the interaction between cats and wildlife is gaining a height-
ened profile (Linklater et al. 2019).

Conclusions

Initiatives that encourage the proliferation of native wildlife in
urban environments have benefits for wildlife as well as for
the lives of people who live in urban areas, however, these
initiatives face numerous challenges. This research has found
that free-roaming domestic cats are present in the studied ur-
ban reserve in Wellington, New Zealand and although cat
activity declines with distance from the reserve edge, cats
are likely to be active through a large proportion of the re-
serve’s area. A high proportion of residents in this
neighbourhood believe that free-roaming cats within the re-
serve are a problem for wildlife, although this view is more
prevalent among non-cat owners than among owners of cats.
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While advocacy and education about the effects of cats on
native wildlife may alter the behaviour of some cat owners
these strategies alone are unlikely to persuade pet owners who
are not motivated by conservation goals.
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