
 

Instructions for use

Title Social challenges of spatial planning for outdoor cat management in Amami Oshima Island, Japan

Author(s) Mameno, Kota; Kubo, Takahiro; Suzuki, Mariko

Citation Global Ecology and Conservatio, 10, 184-193
https://doi.org/10.1016/j.gecco.2017.03.007

Issue Date 2017-04

Doc URL http://hdl.handle.net/2115/67712

Rights ©2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license.

Rights(URL) http://creativecommons.org/licenses/by-nc-nd/4.0/

Type article

File Information 1-s2.0-S2351989416301615-main.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP

https://eprints.lib.hokudai.ac.jp/dspace/about.en.jsp


Global Ecology and Conservation 10 (2017) 184–193

Contents lists available at ScienceDirect

Global Ecology and Conservation

journal homepage: www.elsevier.com/locate/gecco

Original research article

Social challenges of spatial planning for outdoor cat
management in Amami Oshima Island, Japan
Kota Mameno a,*, Takahiro Kubo b, Mariko Suzuki c
a Graduate School of Agriculture, Hokkaido University, Japan
b Center for Environmental Biology and Ecosystem Studies, National Institute for Environmental Studies (NIES), Japan
c Research Center for the Pacific Islands, Kagoshima University, Japan,

h i g h l i g h t s

• We assessed residents’ attitudes toward outdoor cats and the management across areas.
• Forest was least preferred as a cat habitat among the three areas.
• Lethal options was unacceptable, whereas trapping and adoption was acceptable in all areas.
• The attitudinal differences were found between the cat-owners and non-owners.

a r t i c l e i n f o

Article history:
Received 28 November 2016
Received in revised form 9 March 2017
Accepted 9 March 2017
Available online 12 April 2017

Keywords:
Cat management
Conservation conflict
Island ecosystem
Outdoor cat
Spatial planning

a b s t r a c t

Outdoor cats pose substantial threats to native biodiversity, especially on islands. However,
cats also provide benefits to people, such as companionship and the killing of pests. Thus,
management of outdoor cats is controversial and can lead to conflicts among stakeholders.
Although previous studies have examined stakeholders’ preferences for outdoor cats and
their management, little is known about the differences in their attitudes toward cat
occurrences and management across habitats. Identifying these attitudinal differences
would provide useful knowledge for policy makers about zoning management. We con-
ducted structured interviews with residents in Amami Oshima Island, Japan, to evaluate
the residents’ attitudes to outdoor cats’ occurrence and their management across habitats
(Forest, Rural, and Town areas). Furthermore, we compared the attitudes of cat-owners and
non-owners. The results show that the Forest was least preferred as an outdoor cat habitat.
Lethal options as a management strategy were unacceptable to the residents, whereas
adoption was acceptable in all areas. Cat-owners showed a significantly higher acceptance
toward outdoor cats in Town and Rural areas than did non-owners; they also showed
a lower acceptance of lethal options and a higher acceptance toward Trap, Neuter and
Return (TNR) than non-owners. These findings imply that it is difficult to achieve consensus
regarding outdoor cat management, especially in town and rural areas; however, outdoor
cats from these areas move to the forests and pose a threat to the endangered species.
Communication efforts with both cat-owners and non-owners should fill these attitudinal
gaps among stakeholders and lead to effective management.
© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Outdoor cats (Felis catus), including all feral/stray cats and free-roaming owned cats, are a significant challenge to
biodiversity conservation efforts worldwide (Lepczyk et al., 2004; Lohr and Lepczyk, 2014;Wald and Jacobson, 2013). One of
the most serious issues is the predation of native species, which is done by cats not only in the wilderness but also in urban
and rural areas. For example, May and Norton (1996) and Nogales andMedina (1996) have shown that native species are the
primary food source for feral cats in the forest areas of Australia and Spain. In the UK, one cat killed 21 prey animals in two
months, including five mammal and 10 bird species in urban areas (Baker et al., 2005). Lepczyk et al. (2004) have pointed
out that outdoor cats are responsible for the predation of birds in rural areas, even when the population density of cats is
low. They alsomentioned that outdoor cats kill numerous bird species in both rural and urban areas. As a result, outdoor cats
are now regarded as one of the most dangerous invasive species (Lowe et al., 2000). Particularly on islands where there are
no predators, such as carnivorous mammals, and within an enclosed space, cats can cause serious disruption the ecosystem.
Studies have shown that outdoor cats had a negative impact on at least 175 wildlife species in 120 islands (Bonnaud et al.,
2011; Medina et al., 2011). For example, in New Zealand, it is estimated that over 16 million animals are killed each year
by cats (Medina et al., 2011). About ten petrel species have gone extinct worldwide because of cats (Derenne and Mougin,
1976). It is necessary to implement management strategies, such as lethal options, for outdoor cats, to conserve biodiversity
and restore native ecosystems (Bester et al., 2002). Previous studies have reported that native ecosystems and populations
of endemic species (e.g., petrel species) have recovered after the elimination of outdoor cats (Bester et al., 2002; Hughes et
al., 2008; Ratcliffe et al., 2009).

In addition to the above-mentioned issues, outdoor cats have a substantial negative impact on human living. For example,
cats transmit diseases not only to livestock but also to people (Tenter, 2009; Torrey et al., 2007) Outdoor cats are a nuisance
in urban neighborhoods because they depredate yards, cause trouble to pets, and deface property (Toukhsati et al., 2012).

On the other hand, cats are one of the most popular companion animals worldwide and have several positive roles in
human lifestyles (Hall et al., 2016). Cats comfort people, and interactions with cats, including outdoor ones, relieve people
from stress and improve human health (Brickel, 1979; Siegel, 1990; Wood et al., 2007). Wald et al. (2013) have reported
that cats provide significant benefits to humans; they kill mice and other pests, thus reducing the risk of disease spread. As a
result, many people tend to have a positive feeling about cats. In addition, pet cats provide their owners with opportunities
to build social connections among themselves (Brickel, 1979; Siegel, 1990; Wood et al., 2007), and to helping children learn
about responsibilities (Melson, 2003; O’Haire, 2010, 2013).

Therefore, in order to promote biodiversity conservation bymanaging outdoor cat populations, it is important to consider
the positive and negative aspects involved; otherwise, it could pose conservation conflicts among stakeholders (Stokes et al.,
2006). Area-specific, tailor-madeoutdoor catmanagement strategies should bedeveloped, considering the ecological aspects
aswell as sociological situations. For instance, in NewZealand, lethal control of cats is a common approach to conserve island
ecosystems (Bloomer and Bester, 1992). By contrast, Trap-Neuter-Return strategy (hereafter, ‘‘TNR’’) is often used in the
United States (Levy et al., 2003; Loyd and Miller, 2010). Trapping and adoption of outdoor cats (i.e., finding new cat owners
after live-capturing outdoor cats; hereafter, ‘‘adoption’’) is a common approach to conserve sea birds in Ogasawara and Teuri
Islands in Japan. The ecology of cats in an area can be affected by the human behavior and customs of the place (Gramza et
al., 2016; Shionosaki et al., 2016); for example, Shionosaki et al. (2016) indicated that feeding outdoor cats can change their
actions and habitats in Amami Oshima Island; thus, it is necessary to obtain public support for managing outdoor cats and
attitudinal gaps for the successful conservation of biodiversity.

Taking into account awareness of the aforementioned issues, some previous studies have investigated public attitudes
toward cats and their management. Loyd and Miller (2010) showed that people living in rural areas preferred lethal options
when compared to people living in urban areas, and women were less accepting of the lethal option than men. There have
been many studies that involve comparisons between cat-owners and non-owners. Hall et al. (2016) and Thomas et al.
(2012) evaluated the public attitude with respect to cats’ interactions with wildlife. Their results showed that non-owners
tended to affirm that pet cats were problematic if they killed wildlife species, something that the cat-owners generally did
not agree with. Levy et al. (2003) investigated the proportion of people who fed free-roaming cats; they reported that about
three-quarters of people fed outdoor cats and half of those that fed free-roaming cats were non-owners. Dabritz et al. (2006),
Lepczyk et al. (2004), and Wald et al. (2013) found that cat-owners preferred TNR more than did non-owners. Cat-owners
also tended to have amore negative opinion regarding the introduction of regulations on how to keep cats, especially people
living in rural areas (Calver et al., 2007; Lord, 2008). However, very little attention has been paid to public attitudes about
managing outdoor cats in different habitats.

The purpose of this study was to understand residents’ preferences for management of outdoor cats in Amami Oshima
Island, Japan. This island is a biodiversity hotspot; there are more than one thousand endemic species in the Amami Islands,
including Amami rabbits (Pentalagus furnessi), which are listed as ‘‘Endangered’’ on the IUCN Red List of Threatened Species
(Amami Oshima Island, 2015; Yamada and Sugimura, 2008). Moreover, there are no predators or carnivorous mammals
in Amami Oshima Island, excluding alien species. The Japanese government will register the island as a national park in
2017 and aims for it to obtain the status of a World Natural Heritage Site in the future (Ministry of the Environment,
2016). However, so far, outdoor cats have threatened the endemic species, especially in the forest areas, and undermine
the native biodiversity. Shionosaki et al. (2015) showed that cats were predators of Amami rabbits and Amami spiny rats,
both endangered endemic species. Furthermore, it has been estimated by the Ministry of the Environment (2016) that there
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Fig. 1. Example of negative and positive impact of outdoor cats in Amami Oshima Island. (a) Negative impact, outdoor cats that live in the forest are
predators of wildlife. (b) Negative impact, outdoor cats cause trouble in the Town and Rural neighborhoods. (c) Positive impact, people enjoy watching
outdoor cats. (d) Positive impact, our quality of life and tourist’s experience are made better by cats, especially for cat lovers.

are about 600–1200 outdoor cats roaming the forest areas. Therefore, the ministry and local governments are considering
proposed management options (adoption, TNR, and/or lethal options) for cats. However, some residents feel comfortable
with outdoor cats because they hunt rats in the crop fields and keep away venomous snakes from residential areas. Thismight
result in an increase in the population of outdoor cats. However, cats also have a negative impact on both biodiversity and the
lives of residents. For instance, the smell of excrement, sounds in the mating season, and scavenging in garbage cans leave
residents uncomfortable with outdoor cats. Therefore, it is necessary to study the residents’ attitudes toward outdoor cats
in order to manage them successfully on the island. This is particularly important because residents can perceive a variety
of merits and demerits about cats (see examples in Fig. 1), and a uniform management strategy conducted everywhere is
unrealistic, even within the island. Understanding the attitudinal differences among areas can help the decision makers
devise appropriate management strategies and lead to successful zoning management, while respecting the residents’
opinions. As described above, public behaviors and attitudes are important parts of the ecology of outdoor cats. Therefore, it
is necessary to understand the local residents’ attitudes toward outdoor cats to devise a successful management strategy. To
promote consensus building among the stakeholders, we also compare the attitudes of cat-owners and non-owners, based
on previous findings.

2. Materials and methods

2.1. Study context and location

Amami Oshima Island is a part of the Nansei Islands in southern Japan (28◦19′ N, 128◦22′ E; Fig. 2). It is the fifth-largest
island in Japan (712 km2) and has approximately 86% forest cover (hereafter, ‘‘Forest’’). The number of residents on the
island is about 70,000 (Japan Censuses, 2010), who mainly live in two areas: Naze area (37,000 people) and Koniya area
(5,000 people). In this paper, we refer to both these areas as ‘‘Town’’. In addition, there are many small villages along the
coast and near the Forest (hereafter, ‘‘Rural’’). For this island, three management options were considered: TNR, adoption,
and lethal options. In 2015, when we conducted the survey, the local governments conducted TNR for outdoor cats, and the
other two options were rarely implemented. As outdoor cats in the Forest can come from Town and Rural areas, the other
two options have also been suggested for implementation.

We conducted face-to-face structured interviews with the residents using a questionnaire (Appendix 1). Our question-
naire mainly comprised questions concerning three aspects: residents’ attitudes toward the occurrence of outdoor cats,
their attitude toward management options (adoption, TNR, and lethal options), and individual characteristics, including
experience of owning cats. Regarding the former two aspects, respondents were asked their preferences by three areas:
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Fig. 2. Location of Japan and Amami Oshima Island, Map of Amami Oshima Island, the study site.

Forest, Rural, and Town areas, using 5-point Likert-scale questions (from 1: strongly disagree, to 5: strongly agree; see the
details in Appendix 2).

To understand the regional differences in attitude toward cat occurrence and management strategies, we carried out a
one-way ANOVAwith Tukey’s HSD test. Bartlett’s test was used to check if there were any differences in the variance of data.
In addition, similar to previous studies (e.g., Hall et al., 2016; Levy et al., 2003; Dabritz et al., 2006), we compared the attitude
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Table 1
Socio-demographic characteristics of respondents

Variable Rate of respondents: This study Population of Amami in 2010a

n Rate (%) Rate (%)

Gender Male 38 46.3 47.8
Female 40 48.8 52.2
Unknown 4 4.9 –

Age 15–19 4 4.9 4.9
20–29 7 8.5 7.5
30–39 8 9.8 13.0
40–49 9 11.0 13.8
50–59 14 17.1 19.8
60–69 18 22.0 15.4
70–79 11 13.4 14.7
80–89 5 6.1 10.9
Unknown 6 7.3 –

Residence Town 47 57.3 85.1
Rural 35 42.7 14.9

a 2010 Japan Census.

Table 2
Rate of respondents’ experience of owning cats

Variable n Rate (%)

Experience of keeping cats Owning cats now 19 23.2
Used to own cats 26 31.7
Have never owned cats 37 45.1

between cat-owners and non-owners. This was done by carrying out an unpaired t-test with the F-test, assuming that there
were no differences in variance. All the analyses were carried out on the 5-point Likert-scale data obtained in response to
the questionnaire. The analyses were carried out using R (Version 0.99.447 and the standard equipment packages therein;
R Core Team, 2016).

2.2. Sampling and data

The structured interviews were conducted with Amami Oshima residents in 2015. We recruited participants using
stratified sampling for place of residence. We collected 82 completed responses from the local respondents; Table 1 shows
their socio-demographic characteristics. Of the respondents, 60–70 years was the most common age group (22%), followed
by 50–60 years. Males comprised about half of the respondents. Over a half of the respondents lived in the Town area (57%),
whereas the others lived in the Rural area. In terms of the experience of owning cats, about one-third of the respondents
were owners in the past, and about one-quarter owned cats at the time of survey. As a result, about half the respondents
had experience of taking care of cats (Table 2). Thus, in this paper, we refer to respondents who had such experience as
‘‘cat-owners’’ and the others as ‘‘non-owners’’.

3. Results

Table 3 shows the average attitudinal scores toward occurrence of outdoor cats, as well as the attitudinal differences
between cat-owners and non-owners. According to the results of the one-way ANOVA, these average scores were signifi-
cantly different by areas (F = 7.98, df = 2, p < 0.01). The residents expressed a more negative attitude toward outdoor
cats in the Forest area (mean = 1.84, SD = 1.17) than in the Town (mean = 2.488, SD = 1.33) and Rural areas
(mean = 2.77, SD = 1.34), although there was no significant difference between the Town and Rural areas (Table 3). In
the other words, Table 3 shows that, on average, residents less preferred cat occurrence in Forest compared with the other
areas. In addition, there were differences between cat-owners and non-owners regarding their attitudes toward outdoor
cats. The cat-owners showed attitudinal differences between the Forest and the other areas, whereas the non-owners had
no area-wise differences. The cat-owners expressed amore positive attitude toward outdoor cats in the Town (mean = 2.80,
SD = 1.31) and Rural areas (mean = 2.93, SD = 1.32) than in the Forest (mean = 1.91, SD = 1.24). As shown in Fig. 3,
there were significant attitudinal differences toward cat occurrence between cat-owners and non-owners in the Town and
Rural areas, i.e., cat-owners showed a higher acceptance of outdoor cats than did non-cat owners (Town: t-value = 2.43,
df = 77.9, p-value = 0.02; Rural: t-value = 2.80, df = 78.4, p-value < 0.01; Forest: t-value = 0.60, df = 79.6, p-value =

0.55).
Table 4 shows the average attitudinal scores toward each management strategy and their comparison between cat-

owners and non-owners. There were no significant differences in the preference for each form of management among the
areas (adoption: F = 0.22, df = 2, p = 0.80; TNR: F = 0.87, df = 2, p = 0.42; lethal options: F = 0.56, df = 2, p = 0.57).
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Fig. 3. Comparison of average attitudinal scores with respect to preferences for outdoor cat occurrence and management strategies between cat and non-
cat owners across areas. These graphs show average attitudinal scores with respect to preferences for outdoor cat occurrence and management strategies
between cat-owners and non-owners. Data was obtained using 5-point Likert scale (1: strongly disagree–5: strongly agree) and significant differences
(values of mean and Tukey’s HSD test) are presented in Tables 3 and 4.

Table 3
The attitudinal differences in preferences for outdoor cat occurrence between cat-owners and non-owners across areas. The figure shows mean (±SD) of
the preferences for outdoor cat occurrence based on 5-point Likert scale (1: strongly disagree–5: strongly agree).

The classification of respondents Town Rural Forest H0: No attitudinal difference in
the preferences for outdoor cat
occurrence across areas

All respondents 2.49(1.33)a 2.57(1.34)a 1.84(1.17)b p-value < 0.01
Cat-owners respondents 2.80(1.31) 2.93(1.32) 1.91(1.24) p-value <0.01
Non-owners respondents 2.11(1.27) 2.14(1.25) 1.76(1.09) p-value = 0.33
H0: No attitudinal difference in
the preferences for outdoor cat
occurrence between cat-owners
and non-owners

p-value = 0.02 p-value < 0.01 p-value = 0.55

a−b: Items used to develop the attitudinal scores and results of ANOVA to test for differences between respondents, using Tukey’s HSD test, indicating
differences among the management options, p < 0.05; values followed by the same letter are not significantly different.

However, there were significant multivariate differences among the management strategies (F = 95.69, df = 2, p < 0.01).
Adoptionwas themost supportedmanagement strategy among the three options (mean = 3.95, SD = 1.43), whereas lethal
control was the least supported strategy (mean = 2.13, SD = 1.46). Overall, 70% of the respondents preferred adoption,
followed by TNR (42%) and lethal control (21%). Themajority of respondents preferred the adoption strategy across all areas.

In all areas, the adoption of outdoor catswas themost desiredmanagement option, and lethal controlwas the least desired
option among both cat-owners and non-owners (Table 4). Both cat-owners and non-owners preferred adoption, followed
by TNR and lethal control; however, there are differences between them with respect to accepting TNR. That is, cat-owners
preferred TNR as well as adoption in the Town and Rural areas; non-owners preferred neither TNR nor lethal control in all
areas (see Appendix 2 for details). We also compared the preferences of cat-owners and non-owners using a t-test. Table 4
shows that therewere no significant attitudinal differences toward adoption between cat-owners and non-owners across all
areas (Town: t-value = 1.32, df = 68.9, p-value = 0.19; Rural: t-value = 1.03, df = 69.3, p-value = 0.31; Forest: t-value =
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Table 4
The attitudinal differences in preferences for outdoor cat management strategies between cat-owners and non-owners across areas. The figure shows
mean (±SD) of the preferences for outdoor cat management strategies based on 5-point Likert scale (1: strongly disagree–5: strongly agree).

Management options The classification of respondents Town Rural Forest H0: No attitudinal
difference in the preference
for outdoor cat
management strategies
across areas

Adoption ALL 4.01a

(1.40)
3.96a

(1.40)
3.87a

(1.50)
p-value = 0.80

Cat-owners 4.20a

(1.25)
4.11a

(1.27)
4.09a

(1.39)
p-value = 0.91

Non-owners 3.78a

(1.55)
3.78a

(1.55)
3.60a

(1.61)
p-value = 0.84

H0: No attitudinal difference in the preference for
adoption between cat-owners and non-owners

p-value = 0.19 p-value = 0.31 p-value = 0.55

TNR ALL 3.21b

(1.47)
3.27b

(1.49)
2.98b

(1.53)
p-value = 0.42

Cat-owners 3.56b

(1.45)
3.67b

(1.46)
3.27b

(1.59)
p-value = 0.43

Non-owners 2.78b

(1.40)
2.78b

(1.40)
2.62b

(1.40)
p-value = 0.85

H0: No attitudinal difference in the preference for TNR
between cat-owners and non-owners

p-value = 0.02 p-value < 0.01 p-value = 0.05

Lethal options ALL 2.07c

(1.46)
2.05c

(1.42)
2.62c

(1.40)
p-value = 0.57

Cat-owners 1.78c

(1.24)
1.78c

(1.24)
2.00c

(1.37)
p-value = 0.64

Non-owners 2.43b

(1.63)
2.38b

(1.57)
2.60b

(1.59)
p-value = 0.83

H0: No attitudinal difference in the preference for
culling between cat-owners and non-owners

p-value = 0.05 p-value = 0.06 p-value = 0.08

a−c: Items used to develop the attitudinal scores and results of ANOVA to test for differences between respondents, using Tukey’s HSD test, indicating
differences among the management options, p < 0.05; values followed by the same letter are not significantly different.

1.48, df = 71.4, p-value = 0.14). However, the attitudinal scores toward TNR and lethal options were significantly different
between cat-owners and non-owners. Cat-owners had a significantly higher acceptance toward TNR in the Rural area than
did non-owners (t-value = 2.79, df = 78.1, p < 0.01); they also had a lower acceptance toward lethal options in the Town
area than did the non-owners (t-value = −2.014, df = 66.3, p = 0.05). Fig. 3 summarizes the attitudinal differences
between cat-owners and non-owners.

4. Discussion

Outdoor cats are being increasingly recognized as a threat to biodiversity, especially on islands. As residents are key parts
of their ecology, it is essential to obtain public support in order to carry out effective management of cats. Most previous
studies have dealt with the ecology of outdoor cats exclusively with respect to their natural environment, overlooking the
human aspects. The present study focused on the attitudinal differences toward cat occurrence and management strategies
across cat habitats. The results should help decision makers understand the challenges in conducting effective management
(e.g., zoning management), while taking into account the preferences of stakeholders.

On average, residents were more averse to cat occurrence in the Forest than in the other areas (Table 3). This implies that
residents supported the elimination of cats from the Forest areas that have substantial endemic and endangered species.
In other words, their perceived benefits of cats in the Town and Rural areas were higher than in the Forest. This indicates
that cats, even outdoor ones, are important companion animals and pets for people. However, the kind of impact that they
have on residents seems different across areas. For example, people might feel comfortable with outdoor cats when they
inhabit spaces in their neighborhood, whereas, they might perceive fewer benefits of cats when they live away from the
residential areas (i.e., the Forest). This is in contrast to the public’s attitude toward large carnivores. For example, people
show ‘‘Not-In-My-Back-Yard’’ (NIMBY) attitudes toward bears (e.g. Balčiauskas and Kazlauskas, 2012; Kubo and Shoji, 2014).

Furthermore, the residents showed less acceptance of outdoor cats in the Forest. This suggests that they agree with the
need to eliminate cats from the Forest. Since most stakeholders enjoyed seeing cats (Lohr and Lepczyk, 2014) and forming
an attachment with them in seeking companionship, and as a method of pest control, the residents were more accepting of
outdoor cats in the Town and Rural areas. Although Hall et al. (2016) have indicated that Japanese people, especially those
living in urban areas, regard outdoor cats as harmless to wildlife anywhere, the people who have interactions with nature,
such as island residents, may be aware of the negative impact of outdoor cats on ecosystems (May andNorton, 1996; Nogales
and Medina, 1996). In addition, cats on Amami Oshima have been known to prey on endangered animals (Shionosaki et al.,
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2015), and publicity about these findings may have increased awareness among local residents about the ecological impacts
of outdoor cats.

Furthermore, these attitudinal differences toward cat occurrence across areas were more apparent for cat-owners than
for non-owners. This indicates that the benefits of having cats, such as developing companionshipwith themor using them to
control pests, were recognized at a substantially higher level by cat-owners than non-owners. Cat-owners were also more
attached to cats and worried about the implications of management on owned cats because their personal experience of
owning cats made it difficult for them to extrapolate to the predatory nature of cats having an impact on wildlife. These
findings support the government proposition in which outdoor cats in the Forest would primarily be eliminated; however,
owned cats can go from the owners’ homes and hunt endangered species (Beckerman et al., 2007; Loss et al., 2013). Thus, we
need some measures to persuade cat-owners to keep the cats within their homes, especially on islands, because the impact
of owned cats could be extensive.

We found that the residents’ preferences for cat management did not differ across areas, which is different from the
findings on cat occurrence (Table 4). Interestingly, lethal control was not accepted as an option even in the Forest, where
acceptance of cat occurrencewas relatively low. In all three areas, the residents preferred non-lethalmanagement of outdoor
cats: adoption was the most supported strategy, and lethal control was the least preferred option. This could be due to
religious background, because Japanese people generally are less accepting of the taking of life, even of invasive species, than
are people in countries, such as New Zealand and Australia, which conduct the lethal management of outdoor cats (Nogales
et al., 2004). Our findings implied attitudinal differences concerning the non-lethal options for outdoor cats between Japan
and other countries. However, we also found differences in the preference for cat management between cat-owners and
non-owners. In particular, it is interesting that the non-owners had a more negative attitude toward TNR than did the cat-
owners. Since the non-owners do not accept cat occurrence in Town and Rural areas, they do not prefer the TNR option
of returning the cats to their habitats. Considering that TNR is encouraged in Town and Rural areas in the Amami Oshima
Island, the government administrators need to talk with non-owners, with the aim of filling the gap between non-owners’
preferences and the current policies. Communicationwith non-owners about the cats’ potential habitat range can help them
to understand the current policies. On the other hand, cat-owners had a low acceptance of lethal options and a high support
for TNR. This implies that cat-owners preferred that the outdoor cats remain on the island. Therefore, using TNR could cause
a conflict between cat-owners and non-owners in the Town and Rural areas. Since previous studies (e.g. Dabritz et al., 2006;
Lohr and Lepczyk, 2014; Wald and Jacobson, 2013) have also pointed that TNR can cause conflicts among stakeholders,
it is important to include the cat-owners and non-owners in the decision-making process, for the effective management
of outdoor cats. Although adoption was the most supported option among both cat-owners and non-owners, it could be
unrealistic considering the budget and human resource constraints. Thus, it is necessary tomanage both these gaps: between
the preferences for management and the current policies, and between cat-owners and non-owners’ preferences for lethal
options and TNR. Finally, we highlight the potential challenges to effective cat management in the island. To conserve native
biodiversity, it is necessary to eliminate outdoor cats, at least in the Forest. Since attitudes toward cat occurrence differed
between the Forest area and others, we conclude that residents agree upon the implementation of zoning management and
elimination of outdoor cats in the Forest; however, their preferences for themanagement strategieswere not consistentwith
their preferences for cat occurrence in each area. It is necessary to spread awareness about the advantages and roles of each
management strategy in order to make the residents understand and accept the management decisions. We also note the
attitudinal differences between stakeholders living on the same island. As the perceived impact of outdoor cats are different
across areas, it is important to undertake communication efforts with the residents. Furthermore, to consider the outdoor
cat management, understanding risk perceptions for outdoor cats and wildlife is important (Gramza et al., 2016; Wald and
Jacobson, 2013). Since there could be conflicts over themanagement in both the Town and Rural areas, showing information
about the risk of outdoor cats is essential. We believe that communication with the stakeholders, including those who do
not have direct interaction with cats, should help fill the attitudinal gaps and foster effective biodiversity conservation.

Acknowledgment

Wewould like to express our gratitude to Shoji, Y., Hayashi F., Hayashi, T., Kobayashi, J., Ito, K., Okano, T., Kubo, S., Oki, K.,
andmembers of Kagoshima Environment Project in Kagoshima University, Ministry of the Environment, Japan, and the local
governments in Amami Oshima Islands. We also thank the anonymous reviewers and the editor for thoughtful comments.
The authors gratefully acknowledge financial support from the Environmental Economics and Policy Study, Ministry of
the Environment, Japan (Research on economic evaluation of natural and environmental policy in Japan); Japan Society
for the Promotion of Science (No. 16K00697); the Ministry of Education, Culture, Sports, Science and Technology, Japan
(Establishment of Research and Education Network on Biodiversity and Its Conservation in the Satsunan Islands); and the
National Institute for Environmental Studies, Japan (No. 23121).

Appendix A. Supplementary data

Supplementary material related to this article can be found online at http://dx.doi.org/10.1016/j.gecco.2017.03.007.

http://dx.doi.org/10.1016/j.gecco.2017.03.007


192 K. Mameno et al. / Global Ecology and Conservation 10 (2017) 184–193

References

Amami Oshima Island, 2015. Biodiversity regional strategy in Amami Oshima Island (in Japanese), https://www.city.amami.lg.jp/kankyo/machi/shizen/
documents/zentai300.pdf. (Accessed 25 November 2016).

Balčiauskas, L., Kazlauskas, M., 2012. Acceptance of brown bears in Lithuania, a non-bear country. Ursus 23 (2), 168–178.
Baker, P.J, Bentley, A.J, Ansell, R.J, Harris, S., 2005. Impact of predation by domestic cats Felis catus in an urban area. Mammal Rev. 35 (3–4), 302–312.
Beckerman, A.P., Boots, M., Gaston, K.J., 2007. Urban bird declines and the fear of cats. Anim. Conserv. 10 (3), 320–325.
Bester, M.N., Bloomer, J.P., van Aarde, R.J., Erasmus, B.H., van Rensburg, P.J.J., Skinner, J.D., Howell, P.G., Naude, T.W., 2002. A review of the successful

eradication of feral cats from sub-Antarctic Marion Island, Southern Indian Ocean. S. Afr. J. Wildl. Res. 32 (1), 65–73.
Bloomer, J.P., Bester, M.N., 1992. Control of feral cats on sub-Antarctic Marion Island, Indian Ocean. Biol. Conserv. 60 (3), 211–219.
Bonnaud, E., Medina, F.M., Vidal, E., Nogales, M., Tershy, B., Zavaleta, E., Donlan, C.J., Keitt, B., Le Corre, M., Horwath, S.V., 2011. The diet of feral cats on

islands: A review and a call for more studies. Biol. Invasions 13 (3), 581–603.
Brickel, C., 1979. The therapeutic roles of cat mascots with a hospital-based geriatric population: A staff survey. Gerontologist 19 (4), 368–372.
Calver, M., Thomas, S., Bradley, S., McCutcheon, H., 2007. Reducing the rate of predation on wildlife by pet cats: The efficacy and practicability of collar-

mounted pounce protectors. Biol. Conservation 137 (3), 341–348.
Dabritz, H.A., Atwill, E.R., Gardner, I.A., Miller, M.A., Conrad, P.A., 2006. Outdoor fecal deposition by free-roaming cats and attitudes of cat owners and

nonowners toward stray pets, wildlife, and water pollution. J. Am. Vet. Med. Assoc. 229 (1), 74–81.
Derenne, P., Mougin, J.L., 1976. Données écologiques sur les mammifères introduits de l’Ile aux Cochons, Archipel Crozet. Mammalia 40, 21–53.
Gramza, A., Teel, T., VandeWoude, S., Crooks, K., 2016. Understanding public perceptions of risk regarding outdoor pet cats to inform conservation action.

Conserv. Biol.
Hall, C.M., Adams, N.A., Bradley, J.S., Bryant, K.A., Davis, A.A., Dickman, C.R., Fujita, T., Kobayashi, S., Lepczyk, C.A., McBride, E.A., Pollock, K.H., Styles, I.M.,

van Heezik, Y., Wang, F., Calver, M.C., 2016. Community attitudes and practices of urban residents regarding predation by pet cats on wildlife: An
international comparison. PloS One 11 (4), e0151962.

Hughes, B.J., Martin, G.R., Reynolds, S.J., 2008. Cats and seabirds: Effects of feral domestic cat Felis silvestris catus eradication on the population of sooty terns
Onychoprion fuscata on Ascension Island, South Atlantic. Ibis 150 (s1), 122–131.

Japan, Censuses, 2010. Population ratio in each prefecture, Japan (in Japanese), http://www.e-stat.go.jp/SG1/estat/NewList.do?tid.
Kubo, T., Shoji, Y., 2014. Spatial tradeoffs between residents’ preferences for brown bear conservation and the mitigation of human–bear conflicts. Biol.

Conserv. 176, 126–132.
Lepczyk, C.A., Mertig, A.G., Liu, J., 2004. Landowners and cat predation across rural-to-urban landscapes. Biol. Conserv. 115 (2), 191–201.
Levy, J.K., Woods, J.E., Turick, S.L., Etheridge, D.L., 2003. Number of unowned free-roaming cats in a college community in the southern United States and

characteristics of community residents who feed them. J. Am. Vet. Med. Assoc. 223 (2), 202–205.
Lohr, C.A., Lepczyk, C.A., 2014. Desires and management preferences of stakeholders regarding feral cats in the Hawaiian Islands. Conserv. Biol. 28 (2),

392–403.
Lord, L.K., 2008. Attitudes toward and perceptions of free-roaming cats among individuals living in Ohio. J. Am. Vet. Med. Assoc. 232 (8), 1159–1167.
Loss, S.R., Will, T., Marra, P.P., 2013. The impact of free-ranging domestic cats on wildlife of the United States. Nature commun. 4, 1396.
Lowe, S., Browne, M., Boudjelas, S., De Poorter, M., 2000. 100 of theWorld’s Worst Invasive Alien Species: A Selection from the Global Invasive Species Data

base. The Invasive Species Specialist Group (ISSG), A Specialist Group of the Species Survival Commission (SSC) of theWorld Conservation Union (IUCN)
(Eds.), Auckland, New Zealand.

Loyd, K.A.T., Miller, C.A., 2010. Influence of demographics, experience and value orientations on preferences for lethal management of feral cats. Hum.
Dimens. Wildl. 15 (4), 262–273.

May, S.A., Norton, T.W., 1996. Influence of fragmentation and disturbance on the potential impact of feral predators on native fauna in Australian forest
ecosystems. Wildlife Res. 23 (4), 387–400.

Medina, F.M., Bonnaud, E., Vidal, E., Tershy, B.R., Zavaleta, E.S., Josh Donlan, C., Keitt, B.S., Le Corre, M., Horwath, S.V., Nogales, M., 2011. A global review of
the impacts of invasive cats on island endangered vertebrates. Global Change Biol. 17 (11), 3503–3510.

Melson, G.F., 2003. Child development and the human-companion animal bond. Am. Behav. Sci. 47 (1), 31–39.
Ministry of the Environment, Japan, 2016. Document of public comments to describe Amami Oshima as a national park in Japan (in Japanese). http:

//www.env.go.jp/press/103074.html. (Accessed 25 November 2016).
Nogales, M., Martín, A., Tershy, B.R., Donlan, C., Veitch, D., Puerta, N., Wood, B., Alonso, J., 2004. A review of feral cat eradication on islands. Conserv. Biol.

18 (2), 310–319.
Nogales, M., Medina, F.M, 1996. A review of the diet of feral domestic cats (Felis silvestris f. catus), on the Canary Islands with new data from the laurel forest

of La Gomera. Z. Säugetierkunde 61, 1–6.
O’Haire, M., 2010. Companion animals and human health: Benefits, challenges, and the road ahead. J. Vet. Behav: Clin. Appl. Res. 5 (5), 226–234.
O’Haire, M.E., 2013. Animal-assisted intervention for autism spectrum disorder: A systematic literature review. J. Autism. Dev. Disord. 43 (7), 1606–1622.
Ratcliffe, N., Bell, M., Pelembe, T., Boyle, D., White, R.B.R., Godley, B., Stevenson, J., Sanders, S., 2009. The eradication of feral cats from Ascension Island and

its subsequent recolonization by seabirds. Oryx 44 (01), 20–29.
R Core Team, 2016. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-

project.org/.
Shionosaki, K., Shigeki, S., Yamada, F., Shibata, S., 2016. Changes in free-roaming cat activity following a regulation prohibiting feeding: A case study at a

mountain forest near residential area in Amami City on Amami-Oshima Island, Japan. Wildl. Hum. Soc. 3 (2), 1–13.
Shionosaki, K., Yamada, F., Ishikawa, T., Shibata, S., 2015. Feral cat diet and predation on endangered endemic mammals on a biodiversity hot spot (Amami-

Ohshima Island, Japan). Wildl. Res. 42, 343–352.
Siegel, J.M., 1990. Stressful life events and use of physician services among the elderly: The moderating role of pet ownership. J. Pers. Soc. Psychol. 58 (6),

1081–1086.
Stokes, K.E, O’Neill, K.P, Montgomery, W.I, Dick, J.T.A, Maggs, C.A, McDonald, R.A, 2006. The importance of stakeholder engagement in invasive species

management: A cross-jurisdictional perspective in Ireland. In: Hawksworth, David L., Bull, Alan T. (Eds.), Springer, The Netherlands, pp. 489–512.
Tenter, A.M., 2009. Toxoplasma gondii in animals used for human consumption. Mem. Inst. Oswaldo Cruz 104 (2), 364–369.
Thomas, R.L., Fellowes, M.D., Baker, P.J., 2012. Spatio-temporal variation in predation by urban domestic cats (Felis catus) and the acceptability of possible

management actions in the UK. PLoS One 7 (11), e49369.
Torrey, E.F., Bartko, J.J., Lun, Z.R., Yolken, R.H., 2007. Antibodies to Toxoplasma gondii in patients with schizophrenia: A meta-analysis. Schizophr Bull. 33 (3),

729–736.
Toukhsati, S.R., Phillips, C.J.C., Podberscek, A.L., Coleman, G.J., 2012. Semi-ownership and sterilisation of cats and dogs in Thailand. Animals 2 (4), 611–627.
Wald, D.M., Jacobson, S.K., 2013. Factors affecting student tolerance for free-roaming cats. Hum. Dimens Wildl. 18 (4), 263–278.
Wald, D.M., Jacobson, S.K., Levy, J.K., 2013. Outdoor cats: Identifying differences between stakeholder beliefs, perceived impacts, risk andmanagement. Biol.

Conserv. 167, 414–424.

https://www.city.amami.lg.jp/kankyo/machi/shizen/documents/zentai300.pdf
https://www.city.amami.lg.jp/kankyo/machi/shizen/documents/zentai300.pdf
https://www.city.amami.lg.jp/kankyo/machi/shizen/documents/zentai300.pdf
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb2
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb2
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb2
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb2
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb2
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb2
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb3
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb3
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb3
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb3
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb3
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb3
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb4
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb4
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb4
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb4
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb4
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb4
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb5
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb5
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb5
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb5
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb5
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb5
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb5
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb5
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb6
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb6
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb6
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb6
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb6
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb6
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb7
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb7
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb7
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb7
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb7
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb7
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb7
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb7
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb8
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb8
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb8
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb8
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb8
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb8
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb9
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb9
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb9
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb9
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb9
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb9
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb9
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb9
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb11
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb11
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb11
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb11
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb11
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb11
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb11
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb11
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb12
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb12
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb12
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb12
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb12
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb12
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb13
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb13
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb13
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb13
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb13
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb14
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb14
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb14
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb14
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb14
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb14
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb14
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb15
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb15
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb15
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb15
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb15
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb15
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb15
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb15
http://www.e-stat.go.jp/SG1/estat/NewList.do%3Ftid
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb18
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb18
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb18
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb18
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb18
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb18
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb18
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb18
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb19
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb19
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb19
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb19
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb19
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb19
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb20
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb20
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb20
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb20
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb20
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb20
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb20
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb20
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb21
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb21
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb21
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb21
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb21
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb21
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb21
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb21
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb22
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb22
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb22
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb22
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb22
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb22
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb48
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb48
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb48
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb48
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb48
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb24
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb24
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb24
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb24
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb24
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb24
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb24
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb24
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb25
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb25
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb25
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb25
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb25
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb25
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb25
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb25
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb26
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb26
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb26
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb26
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb26
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb26
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb26
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb26
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb27
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb27
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb27
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb27
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb27
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb27
http://www.env.go.jp/press/103074.html
http://www.env.go.jp/press/103074.html
http://www.env.go.jp/press/103074.html
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb30
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb30
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb30
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb30
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb30
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb30
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb30
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb30
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb31
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb31
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb31
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb31
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb31
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb31
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb31
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb31
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb32
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb32
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb32
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb32
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb32
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb32
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb33
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb33
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb33
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb33
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb33
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb33
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb34
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb34
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb34
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb34
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb34
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb34
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb34
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb34
https://www.R-project.org/
https://www.R-project.org/
https://www.R-project.org/
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb36
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb36
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb36
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb36
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb36
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb36
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb36
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb36
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb37
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb37
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb37
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb37
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb37
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb37
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb37
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb37
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb38
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb38
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb38
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb38
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb38
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb38
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb38
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb38
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb39
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb39
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb39
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb39
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb39
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb39
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb39
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb39
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb40
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb40
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb40
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb40
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb40
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb40
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb41
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb41
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb41
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb41
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb41
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb41
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb41
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb42
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb42
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb42
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb42
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb42
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb42
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb42
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb42
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb43
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb43
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb43
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb43
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb43
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb43
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb44
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb44
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb44
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb44
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb44
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb44
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb45
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb45
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb45
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb45
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb45
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb45
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb45
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb45


K. Mameno et al. / Global Ecology and Conservation 10 (2017) 184–193 193

Wood, L., Giles-Corti, B., Bulsara, M., Bosch, D., 2007. More than a furry companion: The ripple effect of companion animals on neighborhood interactions
and sense of community. Soc. Anim. 15 (1), 43–56.

Yamada, F., Sugimura, K., 2008. Pentalagus furnessi. The IUCN Red List of Threatened Species 2008: e.T16559A6063719. http://dx.doi.org/10.2305/IUCN.UK.
2008.RLTS.T16559A6063719.en. (Accessed 25 November 2016).

http://refhub.elsevier.com/S2351-9894(16)30161-5/sb46
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb46
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb46
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb46
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb46
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb46
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb46
http://refhub.elsevier.com/S2351-9894(16)30161-5/sb46
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T16559A6063719.en
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T16559A6063719.en
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T16559A6063719.en

	Social challenges of spatial planning for outdoor cat management in Amami Oshima Island, Japan
	Introduction
	Materials and methods
	Study context and location
	Sampling and data

	Results
	Discussion
	Acknowledgment
	Supplementary data
	References


