Abstract

The dbmestic catgfelis catu3 are popular pet animals, and their populatsogrowing

worldwide. As a natural predator, cats roaming outside caigservation concerns. It is

thereby important to know when and wheags interactvith wildlife, especiallyendangered
speciesThis studyGPStracked 111 freeoaming pet catg Oslo, Viken, Vestfold and

Telemark countiegr Norway. Each cawvastracked 7 days/hile spending timeutside.The

result demonstrated apparent differences betweeniats in urban areas and

suburban/rural areas. Urban cats spent less time roaming (p = 0.009) and roamed mainl
during the day. Suburban and rural cats roamed both day and night. The residence context is
the factor most associated with all roaming patte@ender isnoderatlyy associatdwith

circadian patterns. Agendhow cats accesslthe outdoors do not affect circadian patterns.

The result suggesthat urban cats have a circadian pattern more synchronized with human
activity, while suburban and rureats roam in a manner like feral caks. protect

endangered specisbaring their habitat with petcats r est r i ct i rogutdodre c at s (
roamingandmotivatecat owner fomoreinteraction with the catat homecan be a solutian

In the region whre this expement was conducted, free roaming cats will not threaten

endangered bird species, becausg tueupy different temporal niches.



Sammendrmg

Huskatter(Felis catu$ er populeere kjeeledyr, og degaspulasjonsstgrrelse stigaver hele
verden.Som etaturlig rovdyr kattersomvandre rundt Igftebevaringsproblemer. Det er

derav viktig a vite nar og hvor samhandler kattene med dyrelivet, spesielt den truede arten.
Dette studiet sporet 111 katter ved bruk av GPSlbO/iken ogVestfold og Tekmark f/lke

in Norge. Hver katt var sporet pa 7 dager nar de er uterRigssltatetistetydelig

forskjeller mellom katter som bor i urbane omrader og forsteder / landlige omrader. Urbane
katter brukte mindre tid pav@ndreomkring (p = 0,009) ogandré hovedakelig pa dagtid.
Katter i forstaden og bygdandretoade dag og natt. Boligkonteksten er den faktoren som er
mest knyttet til alle’andreangnstre. Kjgnn er i moderat tilknytning til d@gnmegnstre. Alder,
hvordan katter far tilgang utendgrs, pavirkése dzgnmgnstre. Resultatet antydet at urbane
katter har et dggnmgnster som er mer synkronisert med menneskelig aktivitet, mens forstads
og bygdekatter streifer pa en mate som ildkatter. Domestasjonsnivaet er forskjellig mellom
bostedssammenhenger. Bdpeskyte truede arter i samme leveomrade med katter, kan det
veere en lgsning & begrense kattens tilgang utendgrs og forbedremerkatskelige sosiale
bandenel regionen der dette eksperimentet ble utfarthuikattervandring ikke har stor

pavirkning omtruede fuglearter, fordi de okkuperer forskjellige tidsmessige nisjer.
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1. Introduction

The domesticat(Felis catug is the most popular pet animal wdwide. It is by far the most
numerous of all the cat family, the Felidd#acdonaldand Loveidge, 2010)with an
estimaed 600 million globally(Kayset al., 2019)Cat domesticatiostarted in Egyparound
4000 years agand the current domestic cat is believed to ddriwa one or both of two
closely related wild species, the European wild Ealis silvestris and the African wild cat
Felis lybica (Bradshaw, 2012)

According tovarying degres of association with humandomestic catcan be divided into
severaltypes Feral cas form selfsustaining populations with no direct reliance on humans,
whereas serderal catgalso termed stray cataje partially provisioned. Pet cats live in
close association with a household but wander largely at will, while housebound cats are
confinedentire y wi t hi n t h e i(Bakeroetah, 2013, Galver eta@lm20%1¢ s
Bradshaw et al. (199%irther separate feral aahto feral and pseudwild cats, of which

feral casreceivefood resourceaccidentally from humanwhile pseudewild cats are true
feral cats that maintailittle connection with humarThe transition betweerypescan be

easy,such as a pet cat becoming sdemal or feral, andiice versa

Roaming is essential fderal, semiferal, and pseudavild catssince it plays an important

role in mating, predation, and territorial defen@eitdoor activites are also important for pet
cats, as theutdoor environment providésts of stimuli andallows more naturabehavios.
However, with their rapid increase numbersthese freeoaming cats raismanyconcerns
worldwide.Muchdiscussedretheir impacs on public health(Gerhold and Jessup, 2013)
andconservationA reviewby Loss and Maa (2017)evealedhat free foamingatshave
contributed to at least 63 vertebrate extinctions, pose a major hazard to threatened vertebrates
worldwide, and transmit multiple zoonotic diseas&®dation by cats is the main caof¢éhe
reduction in sméalertebratgpopulatiors worldwide, but cats also affect vertebrate

populations through disease and feglated effectsThe consequence of freeamingcats

has been especially dire on small islands where native prey species are most vulnerable to

novelpredators, esulting in at least 33 extinctioflgledina et al., 2011)

To suppress the effect of owned cats on wildli&esalmanagement methods have been
tested and implenmted. For eample,wearable devicelsave beemevelopednd testedBell

mounted collas have been extensively used, but hakeduced ambiguougsults Barratt



(1998)foundno effect of the bell collars on predation rates, wRilton et al. (2002and
Nelson et al. (2005pundreduced predation rates of both mammals and.Bivdeds et al.
(2003)observedhat thebell only reduced predatiorates of mammals, not birdEhe
Birdsbesafe®ollar is another gadget that has b&mmdto efficiently reduced cat predation
success on bird$lall et al., 2015, Willsort al., 2015)The dectronic soniavarningdevice

is also foundo be an effectivelevice of reducing wildlife kill rates by domestic cdtdelson
et al., 2005)

Another solution isd limit the possibility offree-roaming cats in a regidio interact with

wildlife, particularly in regions containingndangeredpeciesMany studieshave therefore

focused ordefiningd b u f f sdarourdmatwral areas with important wildlife populations

(Lilith et al., 2008, Thomas et al., 20188 sed ortheestimation ofthec at 6 s h sizre r an g«
To this end, esearcherbavecollectedmovementata ofbothferal and pet catssing Global

Positioning System (GPS) and radaemetry to investigateat movements, homrange size

(Kays and DeWan, 2004, Kittdorgan et al., 2015, Hanmer et al., 2Q1af)d to evaluate the

spatial extent of potential encounters with wild(i#¢oods et al., 2003, Baker et al., 2008,

van Heezik et al., 2010, Bengsen et al.,Z0owever,most of these studies dmited in

sample size and study aresa resulk may be less representatater larger scale.

In recent years, theeetelopmenof inexpensive GPS logge(e.giGotU GPS Travel Logger)
havemotivated more largscale studies of pet catovementKays et al. (2019provide an
analyss of movemens by925 cats from 6 countrigs determindhome range size and habitat
selection. Tk study found much smaller habitat use of gas than ferabnes angbrovidea

comprehensive overview of pet aattdoor movements

However,when using radigelenetry or satellitebased systems to investigétec at 0 s
outdoorbehavios, most studies focused on home range, siagel distanceand habitat

selection The value ofémporalinformation in suchirajectory datdnas beemargely ignored

Horn et al. (2011jound petcatsbeenmost active between 0430800 and 1602100,

while unowned cats had both higher levels and more prolonged periods of nocturnal activity,
with their greatest activity between 1700 &&00hours.The sze of outdoor area also
influenceshec at 6 s belmaaanA small outdoorarea is associated witgthigher level

of diurnal activity, whilealarge outdoor area is associated vatiighernocturnal activity

and higher activity level igeneralPiccione et al., 2013Barratt (1995kuggested that

nighttime curfews would be needed to protect mammals andimh@ycurfews to protect



birds from catsCircadianactivity patterrs of catsmay provide significant input for

consevation actions, as cats may interact with different wildlife at different times of day.

In Norway, there are aestimated’70 000pet catdn 400 000 householdBraastad, 2019)

Thea i mal protection olrgamiNangdgeod®h lelsydledodk skya 9
animalsin 2019, of which 90%verecats.The feral cat ppulationsizeremairs unknown, but

the organization beliegdhat there islarge number of cats and cat colonies tkatain
undiscoveredDyrebeskytelsenNorge, 20200 Norway, it is not bligatory to chipmarkpet

animals, and chip marking is less common in caés ttogs.This intensifiesthe difficulty of

controllingferal cass, sinceit is difficult to tease apart what cat is aischotowned

Many cat owners in Norwalgt their catgo outsideas to increasthec astwélfare.Onthe
other handthe Norwegiarornithology Union estimatethat7 million birds predated by cat
each year in Norway armbnsidetrthis a big threato wild bird populationsespecially during
hatching seasoiiShimmings and Heggay, 2019 date, nstudy haslescrikedthehome
range or movement pattern of catdNiarway. Since only 1.7%of land in Norway is builup
area and 3.5% agricultural landSSB, 2020h)pet cats in this country may have easier
access to natural habitaaththosen other more populated coies How pet catdehave

outdoosin thisuniquelandscape ithereforean interesting question

To assess roaming behavior in Norwegiangaés, a citizen science projéctvhere members
of the public were directly involve@PS tracking their caiswas established. Ehcurrent
study investigates temporal patterns in roanfielgavior Pet cats receivebd, shelter, and
grooming from their wners. This builds strong social bonds between pet cats and their
owner. | hypothesed that freeoaming pet cats would have theoaming activity pattern
synchronized with their owneln other words, they would beore activeduringdaytime
when theirowners are away from home, and less adgtivbeevening,hight,and morning

when the owners are at home



2. Methods

2.1Study area

Data collection was conducted between August and December 2019 ireastgm Norway
(Figure 1a), including Oslo, Viken, Vestfold and Telemark counties, in Akershus, Asker,
Baerum, Drammen, Drgbak, Eiddly Fredrikstad, Horten , Lier, Lillestram, Mogsittedal,
Nesodden, Nordre Follo, Oslo, Raelingen, Ullensaker, Vestby, Valer and As municipalities.

House locations of the participants were pinned in Figure 1b.
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Figure 1. (a) Map of Norway, velne the red regions are experiment region in tigys (b) House
location of participants in this study (N = 89).
Oslo is the capital city of Norway and constitutes both a county and a municipality. There are
approximately 693 000 inhabita(®SB, 2020) Os| o6s area is distribu
productive forest, 3.9% unproductive forest, 1.8% fully cultivated land an@@@@eloped
areagNIBIO, 2020, SSB, 2020b)'he average temperature in experimental period varied
from a maximum of 16.8 °C in summer to a minimum &f T in winter (Blindern, Oslo)
(NKS, 2020)

Viken county has the largestimber of inhabitants of the Norwegian countiegha total of
approximately 1.2 million peopl8SB, 2020)50.8% of theotal area is productive forest,

while 10.8% is uproductive forest. 8.8% is fully cultivated land and 2.5% is developed areas
(NIBIO, 2020, SSB, 202QbThe average temperature in our experimentabgemaried from

a maximum of +16.2 °C in summer to a minimum of 0°C in winféKS, 2020)



Vestfold and Telemark county has approximately 419 0000 inhab{&8B, 2020)

Productive forest standsr 41.5% of the total area, while unproductive forest occupies

16.8%. This county has 4.1% fully cultivated land and 1.6% developed areas, less than the
other two countieNIBIO, 2020, SSB, 2020bXince this county is represented only by

Horten municipal in this study, | chose to look at the temperature for Horten specifically. The
average temperateiin experimental period varied from a maximum @f11°C in summer to

a minimum of 0.2 °C in winter (HorteiNKS, 2020)

The most dominating tree species in these counties are Norway Spicea §biey Scots
Pine Pinus Sylvestrisand Birch Betula pubescens ssp. pubesg¢N$BIO, 2020b) The

participating cats lived mostly in urban areas, but some aisd ih suburban and rural areas.

2.2 Data colletion

We recruited cat owners by sharing the project webpage with a registration link on social

media. The registration link was a questionnaire collecting general information of cat owners
including name, attess, and contact information (Appendix 1). 8&7owners nominated

themselves (and their cats) to participate. 131 were rejected as the applicants were located
outside the project area. 176 participants received an invitation email with further indormat
regarding the participation and a second tjaesaire collecting more information about

their cat (Appendix 2). Not all participants were able to be accommodated during the
projectds timeframe. I n the end,ckidgdéicehouseho
kit.

The kit included an-gotU GT-120 GPS Travel Logger4.5 x 28.5 x 13 mm, Mobile Action
Technology, Inc.ith a silicon case, mounted on a cat collar (figure 2), a USB charging
cable, and an instruction manual showing how to use andettza GPS devicé& sheet for

the cat owners téll out the date and time they started and ended each tracking was also
provided.The cat owners were requested to register all trips of their cat for 7 consecutive
days. The GPS device was 3@t with aiix schedule of one fix every 10 seconds. This

seting results in a battery time of approximately 10 hours. It was therefore important that the
owners regularly removed the GPS from their cat to charge it. However, the fix rate provides
high precision in asysing movement patterns, such as the time spanting, the number

of times they crossed roads, and habitat preference. Owners were requested to turn on the
GPS device every time the cat left the house and turn it off when the cat came back. In the

circumstance that the cat left the house unsuperyegdvia a cat flap), the owners were
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asked to turn on the device before they left the cat alone. Wherdtetiacking was

completed, the owners shipped the device back to the Norwegian Universifg 8icience

for data processing.

() I

Figure 2. (a) GPS device and collar used in this experiment. There is a short elastic band attached to
the collar buckles, to ensure easy release if the cat gets stuck. Photo: Bettina Bachmann. (b)
Demonstratiorof cat wearing the GPS device. Photo: Ronny Steen

2.3 Data processing

Position data of the cat were extracted from the GPS using the softapePC It

generates one datasheet of corsmparated values (csv) for each cat, with position data for
the entie tracking period. The file includes 18 paramgteut only 5 parameters (date, time,
latitude, longitude, and speéuaximum speed of way point, meter/hour) was used to

conduct the data analysis in this study.

First, a keyhole markup language (KML) file from each csv file was created, to visually

inspect the movement pattern in Google Earth Pro. The original data include some positions
that do not reflect a catds mo vdesnglepbints i ncl ud
several kilometres away from the original track due to technical glitandssome portraying

the wrong date. These records were discarded manually from the csv file.

Data files were then handled by RStudio (Version 1.2.5033). To asges®r activity, |

identified changing points between roaming and stationary via chaingeapalysis

(Edelhoff et al., 2016)This analysis uses a net squared displacement (NSD) parameter as the
model input and a ssep window moving along the time axis to detect NSD changes. | also
removed points that were within 20 meters of

packagesp, regos,andraster. This was done for two reasons. First, the GPS device



performed well whie outdoors, but collected some imprecise locations indoors, resulting in a
cloud of points within 30 m of the house when cats were inside or under tH&agsfet al.,
2019) This resulted in a false active status wherctdtevas stationary. Second, these points
may represent a situation where the cat is lockédoors, but is within their own home or

yard environment, waiting for their owner to let it in. Tilyversewas then used to extract

time information and calcate time patterns.

To detect possible temporal pattern associated with human activiygédithe 24hour
time scale into four sections morning, day,
(Table 1).

Table 1: Time division of a day for analggicircadian pattern associated with human activities.

Time section Cat own ertatss
Morning 06:0008:59 Active at home
Day 09:0016:59 Not at home
Evening 17:0021:59 Active at home
Night 22:0005:59 Resting at home

2.4 Statistical analysis

| used R Commander plugin .NMBU V1.8.(lliland and Seebg, 2018)r statistical

analysis. QQ plot and ShapirVilk normality test were used to explore normality of the
variables daily outdoor time, roaming time and age. Plots revealed normal distribution of
these three pameters. ANOVA model was used to detect the effect of independent variables
on outdoor time and roaming tércats spent each ddgdependent variables include age,
gender, and residence as fixed effeCtkey test was used for pdsbc analysis on

paraneters gender, residence, and release meBeatson's produchoment correlation was
used to describe coftation between time spent outdoors and time spent roaming. Paired t
test was used to compare proportional roaming time in the morningg\dayng, and night

section for each gendeesidence combination.



3. Results

3.1 Cat information

Movement data we received from 111 of the 136 participating pet cats. Twkvdycats
did not provide data. This was due to cats not accepting the tiodlarpllar/device got lost
when cats were released outside, participants changed their mind, or the GPS dseite cau

malfunction of the electronic cat flap due to the interference.

Of the 111 successfully tracked cats, 60 were males aged from 1 tord dlgkavere and 51

females aged from 1 to 15 years old (Figure 3a). Mean male body weight was 5.29kg (n=59)
andman f emale body weight was 3.89kg (n=50),
of their cat. The male cats were on average heavier thaideats (p < 0.05) (Figure 3b).

All cats were castrated/spayed except 2 female cats. One of these two wasitdking b

control pills, while the other was not under any birth control. Most of the cats were non
pedigree (n=83), while 17 are pedigree catfuising Norwegian forest cat (n=6), Siberian

(n=5), Maine Coon (n=2), Bengal cat (n=2), Birman (n=1), and Brite@igbair (n=1). The

remaining cats (n=11) were hybrids between two or more breed.
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Figure 3. Information on cats participated thisdst (a) Age distribution of cats divided by sex. (b)
The bodyweight distribution of cats divided by gender.
Most ats lived in suburban areas (n=84, 76%) while 6 cats (5%) living in the urban areas
and 21 cats (19%) in rural areas (TableSty-five (59%) of cats were released by their
owner, 38 (34%) cats used a cat flap with free access to the outside, andcat&’éso used

a cat flap, but was contained by their owner with a set routine.



Table 2. The number of cats in each releasing method category and residence category, grouped by
gender.

Male Female Sum
(N=60) (N=51) (N =111)
Type of By the owner 36 29 65
By cat flap 22 16 38
outdoor acess .
By cat flap(supervised) 2 6 8
Type of Urban 1 5 6
residence Suburban 42 42 84
Rural 17 4 21

3.2 Activity patterns

The cats were tracked 7 + 0.22 days. On average, male cats spent 550.36 nBnott3idé

each day, while female cats spent 478.3 m29 87 minutes, but the difference was not
significant (p = 0.1). Male cats spent more time outside in all three kinds of residence (urban,
suburban, rural) contexts, but the gender difference wasigroficant either (Suburban: p =
0.64, rural: p = 0.49)Urban cats were not tested for gender differences because the sample
size is too small.Tiable 3). Cats living in urban areas spent the least amount of time outdoors
(307.67 min + 62.34). In ruralea, cats stayed outdoors 637.33 min + 55.94, signtfica

higher than urban cats (p = 0.0006). Suburban cats were intermediate (501.30 min £ 23.86).
The cats utilizing cat flap spent 590.84 min + 42.04 outside each day, higher than cats
released by themwners (468.78 min + 26.99, p = 0.028ats usg temporary closed cat

flap were intermediate (561.50 min = 10.71). ANOVA analysis indicated that residence type
and how cats are released outddw@d a significant effect aime time cats spent aide

(Table 4).

Of the total time cats stayed outdoorsteday, roaming accounted for 37%, while cats
remained stationary 63% of the tinfénis proportion did not differ significantly between

gender and residencésats living in urban area roamed less (1192 + 35.74) than rural

cats (246.50 min = 25.37,#£0.009). Suburban cats were intermediate (183.33 min £ 11.74
minute) (Table 3). In both urban and rural areas, female cats spent longer time roaming than
males, while suburban female cats redshortertime than male cats. None of these
differences wersignificant (Suburban: p = 0.331, rural: p = 0.533). Urban cats were not
tested for gender difference because the sample size is too small. There were no significant

differences among cat groups thiaeddifferent outdoor access (p = 0.542). ANOVA



analyss indicated that only residence typad a significant effect aime time cats spent

roaming outside (Table 4).

Table 3. Mean time (in minutes) spent outdoors and roaming every day + standard ercugred Gyo
gender and residence type.

Sample Daily time spent outdoor Daily time spent roaming

Gender Residence size (Shimmings and Hegggy (Shimmings and Hegggay)

Urban 1 299.00 76.80
Male  Suburban 42 513.30 £ 34.72 194.82 + 19.21
Rural 17 656.71 + 65.49 238.56 + 24.19
Urban 5 309.40 + 76.32 128.06 + 42.50
Female Suburban 42 491.10 £32.29 171.84 + 13.52
Rural 4 555.00 + 97.50 280.25 + 93.78

Table 4. Model codficients for ANOVA model on the time cat spent outdoors and roaming each day.
Independent variables referdage/gender/residendgpe of outdoor access as fixed effect.

Variables Sum Sq Df F value Pr(>F)
Gender 355 1 0.0080 0.9291
Time spent  Residence 519715 2 5.8267 0.0042
outdoors Age 824856 14 1.3211 0.2107
Type of outdoor access 394443 2 4.4222 0.0147
Gender 1070 1 0,0888 0.7664
Timespent  Residence 75506 2 3.1343 0.0483
roaming Age 148524 14 0.8808 0.5816

Type of outdoor acces 28519 2 1.1839 0.3108

There is a relatively strong positive correlation (correlation coefficient = 0.69) between the
time that the cats spent outside and roamiihg. dotting of roaming time against outdoor
time indicated this positive correlation Wwitarge individual variatin (Figure 4). There is

also a possible plateau of roaming activity with increased time the cats spent outdoors.
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Figure 4.Correlation between the time cats spent outdoors and roaming. Correlation coefficient =
0.69.

Oneway ANOVA revealed no agdifferences on outdoor activity (p = 0.26) and roaming
activity level (p = 0.55). But certain traitan be observedrigure 5) young cats (age-2)

and mature cats (agelD) tended to be more active staying outdoor and roaming, while
prime cats (ag8-6) were less active in outdoor behavior. Senior cats (age 11 and above)
reduced their time spent outdsobut activity level fluctuated within this age group. Lacking
aclear trend in this age group may be duthtsmall sample size drlarge intragroup

variation.
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