Biological Conservation xxx (xxxx) xxxx

Contents lists available at ScienceDirect

Biological Conservation
journal homepage: www.elsevier.com/locate/biocon

Where there are girls, there are cats
Yuhang Li, Yue Wan, Yigui Zhang, Zhaomei Gong, Zhongqiu Li

⁎

School of Life Sciences, Nanjing University, 210023 Nanjing, China
Lab of Animal Behavior and Conservation, School of Life Sciences, Nanjing University, 210023 Nanjing, China

A R T I C LE I N FO

A B S T R A C T

Keywords:
Free-ranging cat
Feral cat
Human sex ratio
Socialization test

The growing population of outdoor free-ranging cats poses an increasingly serious threat to biodiversity.
Identifying the strategies that outdoor free-ranging cats apply to live with humans is an interesting research
topic. In this study, we provided robust estimates of free-ranging cat density in 30 universities in Nanjing,
Jiangsu Province, China. We found that the population density of free-ranging cats is linearly related to the
proportion of female students in the university. An online questionnaire conﬁrmed that human females were
more concerned about the living conditions of free-ranging cats than human males in China. By contrast, a
socialization test on 27 free-ranging cats suggests that the cats may have the ability to distinguish human sex and
adopt a sociable skill to human females. This study leaves an interesting coevolution story between humans and
cats and suggests that human sex may be an important factor to consider in cat population managements and
wildlife conservation.

1. Introduction
Free-ranging cats (Felis catus) are predators that humans introduce
globally (Fitzgerald, 1990; Gehrt et al., 2010). The earliest evidence of
cat–human association is their co-occurrence in 9500-year-old Cyprus
deposits (Vigne et al., 2004). Cats likely developed speciﬁc abilities
during this time, thereby allowing them to communicate with human
beings. To obtain the attention of humans when soliciting food, cats can
make a particular purr mixed with a high-pitched cry, which mimics the
distressed cry of a human baby (Bornstein, 1986; McComb et al., 2009).
Humans are naturally sensitive to baby's cry (Dessureau et al., 1998).
Hence, they respond to the cats' purr.
However, as predators, outdoor free-ranging cats are a major threat
to global biodiversity (Hutchings, 2003; Karl and Best, 1982; KrauzeGryz et al., 2019; Lazenby et al., 2015; Loss et al., 2013; Woolley et al.,
2019). Extensive evidence suggests that free-ranging cats caused numerous localized population declines and extirpations of prey species
(Christensen, 1980; Fancourt, 2014; Risbey et al., 2000). As a novel and
invasive predator, free-ranging cats can reduce the prey populations
and even drive the extinction of local vertebrates (Baker et al., 2005;
Bonnaud et al., 2012; Frank et al., 2014; Loss and Marra, 2017; Medina
and Nogales, 2009) and invertebrates (Gillies and Clout, 2003; Medina
and García, 2007; Nogales and Medina, 2009). Quantifying the potential impacts of feral cats and devising management strategies to reduce
those impacts require population information of outdoor free-ranging
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cats. Such information is generally lacking in most Chinese regions.
Several natural factors can inﬂuence the population density of outdoor
free-ranging cats (Hohnen et al., 2016). However, the most important
factor may be humans who feed cats. In comparison with human males,
human females have greater concern for animal welfare and rights
(Herzog, 2015; Phillips et al., 2011) and raise pets mainly due companionship and emotional purposes (Al-Fayez et al., 2003; Herzog,
2015). Hence, the proportion of human females may aﬀect the cat
population in a certain area.
Can cats distinguish human sex, and use this knowledge to increase
survival rate by reacting more positively to human females than human
males? If so, then positive feedback between cats and human females
should lead to increased cat density. Therefore, the relationship between cat and human sex ratio must be studied to verify if the claim
“where there are girls, there are cats” is true. It also helps manage the
explosive population of free-ranging cats in China. In contrast to general communities, universities in China are usually enclosed and independent. They have diﬀerent sex ratios but maintain a relatively
stable age structure. For example, police academies and teachers' universities have similarly aged student bodies, however, police academies
are predominantly males, whereas teachers' universities are primarily
females. This diﬀerence gives us an excellent opportunity to study the
eﬀect of human sex ratio on the population density and survival strategies of outdoor free-ranging cats. This study proposes and tests the
following hypotheses:
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1) cat density is negatively related to human sex ratio (human male/
human female);
2) human females are more concerned with free-ranging cats and have
higher tendency to feed them than human males;
3) cats react more positively to human females than human males.

Table 1
Deﬁnition and assignment of socialization index of free-ranging cats.

2. Methods
2.1. Population census of free-ranging cats
2.1.1. Study area
Our investigations were carried out in Nanjing, Jiangsu Province,
China (32° 03′ N, 118° 46′ E), which has an area of about 1398.69 km2
and a permanent resident population about 8.44 million. Nanjing is one
of the three mega-cities in the Yangtze River Delta and East China. It
has 53 colleges and universities, and 30 of them were selected as our
focal samples.
Cat population censuses were carried out from June 2018 to June
2019, usually 2 h before the sundown on a sunny or cloudy day. We
started our survey from the front gate of the university and then headed
to the dormitories and canteens. Prior to our arrival at each campus, we
determined the location of the key points, such as the canteens and
dormitories on the map. We then based on these points selected the
routes randomly. In the transect line determining, we would try to
cover all types of habitats in that campus, including roads, sidewalks,
alleys, grasslands, ponds, groves, and garbage dumps. During the
transect line walking, we recorded every cat we saw using a camera
(Canon 5D III) equipped with telephoto lens (Canon EF100-400 mm f/
4.5–5.6 L II IS USM) to document individually identiﬁable markings or
patterns. Every survey we conducted in one area would not be too many
days apart. Hence, we would distinguish those cats with similar colors
via their physique and demeanor. We only recorded adult cats to
eliminate the diﬀerence brought by reproductive seasons to a certain
extent. We processed our transect line census at least twice for each
campus.
The data on the number of students of each campus and the proportion of female students in each college and university in 2018 were
obtained from the university website. The feeding stations of each
campus were counted during the census, and an area of the food bowl
with no obvious trace of deserted was considered a feeding station. Cats
may use green land as their shelter. Hence, we calculated the percentage of greenery coverage of each campus using a high-resolution aerial
photograph.

Cat behavior

Score

Actively approaches the tester
Comes within 1 m
Stays within 1 m
Allows petting
Allows holding
Meows at tester
Purrs
Reacts to toys
Plays with toys
Approaches for aﬀection (rubbing legs)

2
1
1
1
3
3
4
1
2
2

2019 at Xianlin Campus of Nanjing University, Jiangsu Province, China
(32° 06′ 57.91″ N, 118° 57′ 17.88″ E). Sixteen volunteers (nine male
students and seven female students, all aged 20–21 years old) conducted the experiment. They walked around the campus and conducted
socialization tests on randomly selected cats. Each behavior was scored
according to previous studies (Siegford et al., 2003; Slater et al., 2013a;
Slater et al., 2013b; Slater et al., 2013c), and socialization index was
deﬁned as the sum of each socialized behavior the cat expressed to the
volunteers (Table 1). High socialization index indicates high potential
of communication with humans. A total of 60 identiﬁable cats were
tested, but only 27 were tested both by male students and female students. Thus, only 27 cats were included in analysis. Environmental
factors, including weather (rainy or rainless), date, and time, were also
recorded.

2.4. Data analysis
We collected the density data of cats from 30 colleges and universities. The study area was about 2964 ha, and the transect lines were
445.32 km. The population of cats was estimated via noninvasive
capture–recapture analysis using the “capwire” library in R. This
package can ﬁt the models to the data to obtain the maximum likelihood estimate (MLE) of the population size, perform a likelihood ratio
test to select between the even capturability model (ECM) and the two
innate rates model (TIRM), perform a parametric bootstrap to estimate
conﬁdence intervals for the MLE, and simulate data under these and
other models. “Capwire” accommodates data with multiple observations of an individual within a single session, accounts for capture
heterogeneity, and appears to work well, especially for small populations (Miller et al., 2005). For the model selection, the ECM should be
accepted when samples are independent, and all individuals have equal
capture probability. However, TIRM should be chosen instead of ECM
when the population has capture heterogeneity. The density of cats in
each university or college is calculated by dividing the number of cats
on the campus by the area of the campus.
First, we used Pearson correlation to evaluate if the cat density was
closely related to the proportion of female students of each campus, the
student density, the density of feeding stations, and the percentage of
greenery coverage of each campus. Second, the factors with signiﬁcant
correlation to the regression were included. Finally, the stepwise
method was used to determine which combination of variables can
explain dependent variable variation under linear conditions.
A total of 2038 questionnaires were received for the attitudes of
human males and human females towards outdoor free-ranging cats
with the males/females respondent rate of 0.62. A chi-square test was
used to determine if the treatment of human males and females to freeranging cats diﬀer signiﬁcantly.
A general linear model was used to determine if the sex of tester or/
and weather inﬂuenced the socialization score of cats. Cat ID and the
interaction between sex and weather was also included in the model.
All statistical analyses were carried out using SPSS (version 25.0), and

2.2. Online questionnaires
We used an online questionnaire to examine the attitudes of human
males and human females towards outdoor free-ranging cats. We administered the questionnaire produced via Tencent through the Internet
from April 2019 to June 2019 in China (https://wj.qq.com/). Weblinks
to the questionnaire were distributed through WeChat and QQ (https://
wj.qq.com/s2/3482595/cbbc/), which have the largest user database
in China. The participants were chosen randomly. A total of 2066
questionnaires were collected, and the survey area covered all the
provinces in China. Unusable questionnaires, such as those falsely ﬁlled
out or with answers from countries outside China, were excluded. We
ended up with 2038 questionnaires in our analysis. Participants were
asked up to 19 questions about their general information and their cats.
We reported only the related questions here: “Did you ever feed or
rescue outdoor free-ranging cats” and “Do you regularly feed outdoor
free-ranging cats”. The sex of the respondents was also recorded.
2.3. Socialization of cats
2.3.1. Study area
This experiment was carried out in December 2018 and January
2
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to human males and human females similarly in normal weather conditions, but they were much friendlier to human females in bad weather
conditions (Fig. 3).

the level of statistical signiﬁcance was set at p = 0.05.
3. Results

4. Discussion

We surveyed free-ranging cat populations in 30 universities in
Nanjing from June 2018 to June 2019. The population of cats on each
campus was estimated via noninvasive capture–recapture analysis
using the “capwire” library in R. The TIRM was selected for the analysis
based on the heterogeneity of our subjects in 30 campuses
(Supplementary Table 1). The total cat density of all campuses was
37.65 individuals per km2. The Pearson correlation test showed that the
density of cats was signiﬁcantly correlated with the proportion of female students (N = 30, r = 0.614, p < 0.001), the student density
(N = 30, r = 0.636, p < 0.001), and feeding station density (N = 30,
r = 0.855, p < 0.001). However, it was not correlated with the percentage of greenery coverage of each campus (N = 30, r = 0.132,
p = 0.49). Only the proportion of female students and the feeding
station density were kept in the ﬁnal model via stepwise linear regression (R2 = 0.75, p < 0.001) (Fig. 1). Cat density was positively
related to the proportion of female students (B = 0.542 ± 0.257,
t = 2.109, p = 0.044) and feeding station density
(B = 6.273 ± 0.925, t = 6.779, p < 0.001).
We attempted to explain this human female eﬀect in the following
aspects: whether Chinese human females are more concerned about
free-ranging cats than human males and whether cats react more sociably to human females than human males. The 2038 online questionnaires showed that more females had fed or rescued outdoor freeranging cats than males (χ2 = 94.692, p < 0.001, df = 1, Fig. 2).
Similarly, more females feed outdoor free-ranging cats regularly
(χ2 = 19.345, p < 0.001, df = 1, Fig. 2).
We performed a socialization test on 27 free-ranging cats to identify
if cats react more positively to human females than human males. The
general linear model showed that experimenter's sex (F1,89 = 4.001,
p = 0.049), weather condition (F1,89 = 11.803, p < 0.001), their
interaction (F1,89 = 12.226, p < 0.001), and cat ID (F26,89 = 2.221,
p = 0.003) signiﬁcantly aﬀected the socialization index of cats. In
general, these cats behaved more sociably or friendlier to human females than human males (not considering the weather conditions). And
in bad weather conditions, such as rainy days, cats behaved more sociably or friendlier to humans compared to normal weather (not considering the human sex). While considering the weather condition and
human sex simultaneously, the interaction test showed that cats reacted

To the best of our knowledge, this study is the ﬁrst to ﬁnd the
correlation between the population of free-ranging cats and human sex
ratio. Cats have a long history of coevolution with humans. Hence, we
attempted to explain this ﬁnding through the following aspects: human
to cat, whether human males and human females have adopted different attitudes to free-ranging cats; and cat to human, whether cats
behave diﬀerently to human males and to human females.
Considering the transect method we used, an estimated bias on the
cat population estimations is possible due to the spatial distribution or
unobservability of the cats (Glennie et al., 2015; Nomani, 2012).
However, because we used the same method for each campus, we believed that the cats population density ranks of these campuses could
not be too diﬀerent from the actual situation. That is, in the relationship
between the proportion of human females and the density of cats, the
ﬂaws of the transects method would not substantially impact the results. However, those speciﬁc parameters in the model should be
treated carefully.
The population density of free-ranging cats on campus was positively correlated with the proportion of female students. This situation
is likely because human females give more attention and care to freeranging cats than human males, as shown in Fig. 4, where a girl is
feeding a group of free-ranging cats. Numerous studies also claimed
that, in comparison with human males, human females were more
humanistic and moralistic about animals and more negativistic and
even less supportive of using animals for research (Franklin et al., 2001;
Hagelin et al., 2003; Kellert and Berry, 1987; Pifer et al., 1994). In
addition, animal hoarding, which refers to people's behavior of living
with more pets than they can adequately support, was more rampant
among human females than human males (Herzog, 2015; Patronek,
1999; Worth and Beck, 1982). Virtually, all studies on animal rights
movement noted that human females outnumber human males among
rank and ﬁle activists (Herzog, 2015).
The food source of cats that share living space with humans is
mostly depending on humans, particularly human females. On the basis
of our results and those of previous studies (Einwohner, 1999; Herzog,
2015; Phillips et al., 2011; Phillips and McCulloch, 2005), human females gave more attention and care to cats. Hence, under the powerful
selective pressure from humans, cats probably learned to socialize
while communicating with human females to eﬃciently get as much
food and care as possible. The socialization test reveals that cats were
more sociable to human females than human males, especially under
the condition of bad weather. We found that cats behaved similarly to
human males and human females in normal weather conditions, which
is probably because cats have enough food resources on sunny days,
and they do not need to ask for food urgently. However, their food
resources are greatly reduced in bad weather conditions because the
artiﬁcial feedings are reduced and the natural predation becomes difﬁcult. Therefore, accurate and eﬀective food sourcing becomes important. Hence, the high interaction of sex and weather exist. Apparently, getting food from human females is easier and safer in
comparison with human males (Flynn, 2000).
Few studies focused on the eﬀect of human sex on the response of
companion animals towards humans, not to mention the wild animals.
Certain studies showed that a dog's reaction towards a human is inﬂuenced by the sex of the person (Lore and Eisenberg, 1986; van der
Borg et al., 1991). Hence, they can identify human sex in visual/olfactory and auditory modalities (Ratcliﬀe et al., 2014). Certain studies
also showed that human sex aﬀected dogs' barking and eye orientation
(Wells and Hepper, 1999). Dogs showed behaviors suggestive of defensive–aggressive reactions, such as barking and maintained eye

Fig. 1. Relationship between density (the population density of outdoor freeranging cats) and the FSP (proportion of female students of each campus) and
the FSR (the ratio of feeding stations to campus area) in 30 universities of
Nanjing, China (constant = −0.111, bFSR = 6.273, bFSP = 0.542).
3
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Fig. 2. Diﬀerence between human males and human females in the attitude of caring free-ranging cats (“Have you ever fed or rescued free-ranging cats?” and “Have
you fed the free-ranging cats regularly?”) on the basis of an online survey involving 2038 questionnaires.

Fig. 3. Eﬀect of weather (rainy or sunny) and experimenter sex on the socialization index of 27 free-ranging cats on Xianlin Campus of Nanjing University.
A greater diﬀerence showed under severe weather conditions (rainy or snowy).

contact (Millot, 1994) towards human males than human females. They
also bite human males signiﬁcantly more often than human females
(Rosado et al., 2009). Our socialization index test shows that cats may
potentially distinguish human males from human females. The ability
to distinguish human sex is one of the predominant aspects of categorization—a key cognitive mechanism that determines how we perceive and process sensory information (Rosch et al., 1976). Our result
may provide a new idea for subsequent studies to explore spontaneous
category formation in nonhuman species. Previous works only focused
on a few nonhuman species (Murai et al., 2005; Murai et al., 2004;
Ratcliﬀe et al., 2014), but none of them studied cats.
Our results indicated that human females would give more care to
free-ranging cats than human male do and mutually, free-ranging cats
also tend to act more social towards human females than towards
human males. That leads to a more interesting question, who is the
initiator of this interrelationship? Is the cats who are attracting females
or is human females who are attracting cats? At our socialization experiments, we required both our male and female volunteers conducted
with same behavior pattern and intensity, so that we can make sure at
least in our test, cats did separate the sex of volunteers only by sex itself

Fig. 4. A girl was surrounded by a group of cats.

but not their speciﬁc behavior. But what we cannot determine is
whether the cause is the cat's preference towards human females or
towards the behaviors of human females, obviously the former indicates human females attracting cats and the latter indicates cats attracting human female. It seems like that it is cats that attracting females since the result of our questionnaires and previous studies
indicated that human females gave more attention and care to cats, and
because of that free-ranging cats may learn to recognize the characteristics of that kind of humans would provide them more food and
4
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more care. But we still cannot say it for sure since we don't know would
the results of the attitude that cats towards diﬀerent human sex remain
so if we remove those behaviors that expressing more care and
friendliness from human females. Either way, we believe cats were not
just responding to the friendlier behavior of human females towards
them at the moment of decision-making, there should be a special
cognitive mechanism in it. Further researches are needed for the explanation.
Free-ranging cats are adaptable and invasive predators that threaten
global biodiversity (Clements, 2009; Keitt et al., 2011; Medina et al.,
2011). They contribute to the collapse of the population of numerous
wild animals in the US (Loss et al., 2013), Australia (Hohnen et al.,
2016), and Poland (Krauze-Gryz et al., 2019). Even low-density populations of cats can have considerable impacts. For example, native
Australian rats (Rattus villosissimus) were hunted to extinction soon after
the release of only one or two individual cats (Frank et al., 2014). This
result may be partly due to the ability of cats to selectively hunt in
habitats where prey is vulnerable (McGregor et al., 2014) and specialize
on particular preys (Fitzgerald et al., 2000), which somehow proves
why they are friendlier to human females than human males and indulge in excess killing (Peck et al., 2008). In addition, bird mortality far
exceeds any other direct source of anthropogenic mortality, including
collisions with windows, buildings, communication towers, vehicles,
and pesticide poisoning (Banks, 1979; Longcore et al., 2012; Manville,
2016; Pimentel, 2005; Risbey et al., 2000) .
The systematic research on outdoor free-ranging cats hunting wild
animals is currently limited in China. However, this fact does not mean
that outdoor free-ranging cats are not destroying China's biodiversity.
The assessment of the current population of free-ranging and domestic
cats in China is a basic but urgent need. Human sex ratio is an important factor that may aﬀect the population of free-ranging cats.
Hence, this factor should be considered not only in the population estimation but also in the population managements of free-ranging cats in
China. For human females-dominated colleges, campuses,and commuinities, the managements and control works of free-ranging cats,
such as sterilization and infectious disease surveillance, require further
attention. At the same time, the potential impact of popular science
education and awareness promotion of free-ranging cats on biodiversity
should be studied as well.
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.biocon.2020.108412.

The authors have no competing interests.
References
Al-Fayez, G., Awadalla, A., Templer, D.I., Arikawa, H., 2003. Companion animal attitude
and its family pattern in Kuwait. Society & Animals 11, 17–28.
Baker, P., Bentley, A.M.Y., Ansell, R., Harris, S., 2005. Impact of predation by domestic
cats Felis catus in an urban area. Mammal Rev. 35, 302–312.
Banks, R.C., 1979. Human-related mortality of birds in the United States. Special
Scientiﬁc Report - Wildlife 215, 1–17.
Bonnaud, E., Berger, G., Bourgeois, K., Legrand, J., Vidal, E., 2012. Predation by cats
could lead to the extinction of the Mediterranean endemic Yelkouan Shearwater
Puﬃnus yelkouan at a major breeding site. Ibis 154, 566–577.
Bornstein, M., 1986. Infant crying: theoretical and research perspectives. J. Dev. Behav.
Pediatr. 7, 330–331.
Christensen, P., 1980. The Biology of Bettongia penicillata (Gray, 1837) and Macropus
eugenii (Desmarest 1917) in Relation to Fire. Forests Department of Western
Australia, Perth.
Clements, D., 2009. Introducing a New Series: Biology and Impacts of Paciﬁc Island
Invasive Species. University of Hawai‘i Press.
Dessureau, B., Kurowski, C., Thompson, N., 1998. A reassessment of the role of pitch and
duration in adults’ responses to infant crying. Infant Behav. Dev. 21, 367–371.
Einwohner, R., 1999. Gender, class, and social movement outcomes: identity and eﬀectiveness in two animal rights campaigns. Gend. Soc. 13, 56–76.
Fancourt, B., 2014. Rapid decline in detections of the Tasmanian bettong (Bettongia gaimardi) following local incursion of feral cats(Felis catus). Australian Mammalogy 36,
247–253.
Fitzgerald, B.J., 1990. The Domestic Cat: The Biology of Its Behaviour. Cambridge
University Press.
Fitzgerald, B.M., Turner, D.C., Bateson, P., 2000. Hunting Behaviour of Domestic Cats and
Their Impact on Prey Populations. Cambridge University Press, Melbourne.
Flynn, C.P., 2000. Why family professionals can no longer ignore violence toward animals. Fam. Relat. 49, 87–95.
Frank, A., Johnson, C., Potts, J., Fisher, A., Lawes, M., Woinarski, J., Tuft, K., Radford, I.,
Gordon, I., Collis, M.A., Legge, S., 2014. Experimental evidence that feral cats cause
local extirpation of small mammals in Australia’s tropical savannas. J. Appl. Ecol. 51,
1486–1493.
Franklin, A.S., Tranter, B.K., White, R.D., 2001. Explaining support for animal rights: a
comparison of two recent approaches to humans, nonhuman animals, and postmodernity. Society & Animals 9, 127–144.
Gehrt, S.D., Riley, S.P.D., Cypher, B.L., 2010. Urban Carnivores: Ecology, Conﬂict, and
Conservation. Johns Hopkins University Press.
Gillies, C., Clout, M., 2003. The prey of domestic cats (Felis catus) in two suburbs of
Auckland City, New Zealand. J. Zool. 259, 309–315.
Glennie, R., Buckland, S., Thomas, L., 2015. The eﬀect of animal movement on line
transect estimates of abundance. PLoS One 10, e0121333.
Hagelin, J., Carlsson, H., Hau, J., 2003. An overview of surveys on how people view
animal experimentation: some factors that may inﬂuence the outcome. Public
Underst. Sci. 12, 67–81.
Herzog, H.A., 2015. Gender diﬀerences in human–animal interactions: a review.
Anthrozoös 20, 7–21.
Hohnen, R., Tuft, K., McGregor, H., Legge, S., Radford, I., Johnson, C., 2016. Occupancy
of the invasive feral cat varies with habitat complexity. PLoS One 11.
Hutchings, S., 2003. The diet of feral house cats (Felis catus) at a regional rubbish tip,
Victoria. Wildl. Res. 30, 103–110.
Karl, B., Best, H.A., 1982. Feral cats on Stewart Island; their foods, and their eﬀects on
kakapo. New Zealand Journal of Zoology 9, 287–293.
Keitt, B., Campbell, K., Saunders, A., Clout, M., Wang, Y., Heinz, R., Newton, K., Tershy,
B., 2011. The global islands invasive vertebrate eradication database: a tool to improve and facilitate restoration of island ecosystems, in island invasives: eradication
and management, In International Conference on Island Invasives: Eradication and
Management. eds V. C. R, C. M.N, T. D.R, pp. 74–77. IUCN, Auckland, New Zealand.
Kellert, S.R., Berry, J.K., 1987. Attitudes, knowledge, and behaviors toward wildlife as
aﬀected by gender. Wildl. Soc. Bull. 13, 363–371.
Krauze-Gryz, D., Gryz, J., Zmihorski, M., 2019. Cats kill millions of vertebrates in Polish
farmland annually. Global Ecology and Conservation 17, e00516.
Lazenby, B., J. Mooney, N., Dickman, C., 2015. Eﬀects of low-level culling of feral cats in
open populations: a case study from the forests of southern Tasmania. Wildl. Res. 41,
407–420.
Longcore, T., Rich, C., Mineau, P., MacDonald, B., Bert, D.G., Sullivan, L.M., Mutrie, E.,
Gauthreaux Jr., S.A., Avery, M.L., Crawford, R.L., Manville II, A.M., Travis, E.R.,
Drake, D., 2012. An estimate of avian mortality at communication towers in the
United States and Canada. PLoS One 7, e34025.
Lore, R., Eisenberg, F., 1986. Avoidance reactions of domestic dogs to unfamiliar male
and female humans in a kennel setting. Appl. Anim. Behav. Sci. 15, 261–266.
Loss, S., Marra, P., 2017. Population impacts of free-ranging domestic cats on mainland
vertebrates. Front. Ecol. Environ. 15, 502–509.
Loss, S., Will, T., Marra, P., 2013. The impact of free-ranging domestic cats on wildlife of
the United States. Nat. Commun. 4, 1396.
Manville, A.M., 2016. Impacts to birds and bats due to collisions and electrocutions from
some tall structures in the United States: wires, towers, turbines, and solar arrays—state of the art in addressing the problems. In: Angelici, F.M. (Ed.), Problematic

CRediT authorship contribution statement
Yuhang Li: Conceptualization, Data curation, Investigation, Formal
analysis, Methodology, Writing - original draft. Yue Wan: Data curation, Investigation, Formal analysis, Methodology. Yigui Zhang: Data
curation, Investigation. Zhaomei Gong: Data curation, Investigation.
Zhongqiu Li: Conceptualization, Formal analysis, Methodology,
Funding acquisition, Project administration, Supervision, Writing - review & editing.

Acknowledgements
We thank 16 volunteers for the socialization test on free-ranging
cats, and > 2000 persons who left their questionnaires relating to the
free-ranging cats in China. We also thank Cheng Huang, Chi Xu and all
members of Animal Behavior & Conservation of Nanjing University for
comments and suggestions.

Funding statement
This study is supported by National Natural Science Foundation of
China (No. 31772470, J1103512).
5

Biological Conservation xxx (xxxx) xxxx

Y. Li, et al.

T., 2011. An international comparison of female and male students’ attitudes to the
use of animals. Animals 1, 7–26.
Pifer, L., Shimizu, K., Pifer, R., 1994. Public attitudes toward animal research: some international comparisons. Soc. Anim. 2, 95–113.
Pimentel, D., 2005. Environmental and economic costs of the application of pesticides
primarily in the United States. Environ. Dev. Sustain. 7, 229–252.
Ratcliﬀe, V., McComb, K., Reby, D., 2014. Cross-modal discrimination of human gender
by domestic dogs. Anim. Behav. 91, 126–134.
Risbey, D.A., Calver, M.C., Short, J., Bradley, J.S., Wright, I.W., 2000. The impact of cats
and foxes on the small vertebrate fauna of Heirisson prong, Western Australia. II. A
ﬁeld experiment. Wildl. Res. 27, 223–235.
Rosado, B., García-Belenguer, S., León, M., Palacio, J., 2009. A comprehensive study of
dog bites in Spain, 1995–2004. Vet. J. 179, 383–391.
Rosch, E., Mervis, C.B., Gray, W.D., Johnson, D.M., Boyes-Braem, P., 1976. Basic objects
in natural categories. Cogn. Psychol. 8, 382–439.
Siegford, J., O. Walshaw, S., Brunner, P., Zanella, A., 2003. Validation of a temperament
test for domestic cats. Anthrozoos: A Multidisciplinary Journal of The Interactions of
People & Animals 16, 332–351.
Slater, M., Garrison, L., Miller, K., Weiss, E., Drain, N., Makolinski, K., 2013a. Physical
and behavioral measures that predict cats’ socialization in an animal shelter environment during a three day period. Animals 3, 1215–1228.
Slater, M., Garrison, L., Miller, K., Weiss, E., Makolinski, K., Drain, N., 2013b. Reliability
and validity of a survey of cat caregivers on their cats’ socialization level in the cat’s
normal environment. Animals 3, 1194–1214.
Slater, M., Garrison, L., Miller, K., Weiss, E., Makolinski, K., Drain, N., Mirontshuk, A.,
2013c. Practical physical and behavioral measures to assess the socialization spectrum of cats in a shelter-like setting during a three day period. Animals 3, 1162–1193.
van der Borg, J., Netto, W., Planta, D., 1991. Behavioural testing of dogs in animal
shelters to predict problem behaviour. Appl. Anim. Behav. Sci. 32, 237–251.
Vigne, J.-D., Guilaine, J., Debue, K., Haye, L., Gérard, P., 2004. Early taming of the cat in
cyprus. Science 304, 259.
Wells, D., Hepper, P., 1999. Male and female dogs respond diﬀerently to men and women.
Appl. Anim. Behav. Sci. 61, 341–349.
Woolley, L.-A., Geyle, H., Murphy, B., Legge, S., Palmer, R., R. Dickman, C., Augusteyn,
J., Comer, S., Doherty, T., Eager, C., Edwards, G., K. P. Harley, D., Leiper, I.,
McDonald, P., McGregor, H., Moseby, K., Myers, C., L. Read, J., Riley, J., C. Z.
Woinarski, J., 2019. Introduced cats Felis catus eating a continental fauna: inventory
and traits of Australian mammal species killed. Mammal Rev. 49, 354–368.
Worth, D., Beck, A., 1982. Multiple ownership of animals in New York City. Transactions
& studies of the College of Physicians of Philadelphia 3, 280–300.

Wildlife: A Cross-Disciplinary Approach. Springer International Publishing, Cham,
pp. 415–442.
McComb, K., Taylor, A., Wilson, C., Charlton, B., 2009. The cry embedded within the
purr. Curr. Biol. 19, 507–508.
McGregor, H., Legge, S., E Jones, M., Johnson, C., 2014. Landscape management of ﬁre
and grazing regimes alters the ﬁne-scale habitat utilisation by feral cats. PLoS One 9,
e109097.
Medina, F., García, R., 2007. Predation of insects by feral cats (Felis silvestris catus L.,
1758) on an oceanic island (La Palma, Canary Island). J. Insect Conserv. 11, 203–207.
Medina, F., Nogales, M., 2009. A review on the impacts of feral cats (Felis silvestris catus)
in the Canary Islands: implications for the conservation of its endangered fauna.
Biodivers. Conserv. 18, 829–846.
Medina, F., Bonnaud, E., Vidal, E., Tershy, B., Zavaleta, E., Josh Donlan, C., Keitt, B.,
Corre, M., V. Horwath, S., Nogales, M., 2011. A global review of the impacts of invasive cats on island endangered vertebrates. Glob. Chang. Biol. 17, 3503–3510.
Miller, C., Joyce, P., Waits, L., 2005. A new method for estimating the size of small populations from genetic mark-recapture data. Mol. Ecol. 14, 1991–2005.
Millot, J.L., 1994. Olfactory and visual cues in the interaction systems between dogs and
children. Behav. Process. 33, 177–188.
Murai, C., Tomonaga, M., Kamegai, K., Terazawa, N., Yamaguchi, M., 2004. Do infant
Japanese macaques (Macaca fuscata) categorize objects without speciﬁc trainings?
Primates 45, 1–6.
Murai, C., Kosugi, D., Tomonaga, M., Tanaka, M., Matsuzawa, T., Itakura, S., 2005. Can
chimpanzee infants (pan troglodytes) form categorical representations in the same
manner as human infants (Homo sapiens)? Dev. Sci. 8, 240–254.
Nogales, M., Medina, F., 2009. Trophic ecology of feral cats (Felis silvestris f. catus) in the
main environments of an oceanic archipelago (Canary Islands): an updated approach.
Mammalian Biology - Zeitschrift für Säugetierkunde 74, 169–181.
Nomani, S., 2012. Line transects by design: the inﬂuence of study design, spatial distribution and density of objects on estimates of abundance. The Open Ecology
Journal 5, 25–44.
Patronek, G.J., 1999. Hoarding of animals: an under-recognized public health problem in
a diﬃcult to-study population. Public Health Rep. 114, 81–87.
Peck, D.R., Faulquier, L., Pinet, P., Jaquemet, S., Le Corre, M., 2008. Feral cat diet and
impact on sooty terns at Juan de Nova Island, Mozambique Channel. Anim. Conserv.
11, 65–74.
Phillips, C., McCulloch, S., 2005. Student attitudes on animal sentience and use of animals
in society. J. Biol. Educ. 40, 17–24.
Phillips, C., Izmirli, S., Aldavood, J., Alonso, M., Choe, B., Hanlon, A., Handziska, A.,
Illmann, G., Keeling, L., Kennedy, M., Lee, G., Lund, V., Mejdell, C., Pelagic, V., Rehn,

6

