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Abstract

Peri-urban landscapes are transitional areas between urban and rural areas that are constantly changing. They are char-
acterised by land use mixes and land cover changes, leading to significant changes in wildlife habitats. These changes,
combined with an increasing anthropogenic presence, turn peri-urban landscapes into arenas of intensified human-wild-
life interactions. In many scientifically documented cases, scientists are focusing on negative interactions. Furthermore,
research about appropriate policy instruments for managing human-wildlife interactions is rare. This study focused on case
studies and their characteristics from around the world on positive, neutral, or negative interactions between humans and
wildlife at local level. In addition, influencing factors of human-wildlife interactions and policy instruments for managing
human-wildlife interactions in peri-urban landscapes were addressed. A survey was conducted with an international group
of scientists and practitioners working in this field. The results showed that various species were involved in human-
wildlife interactions in peri-urban landscapes worldwide, with mammals as being the most common taxon. Contemporary
changes in land use and land cover could be identified as a significant factor for increasing human-wildlife interactions
in peri-urban landscapes. It can be highlighted that a policy mix consisting mainly of social and cultural instruments in
combination with legal and regulatory instruments could be most suitable to address this situation.
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Introduction emerge either when humans encroach on wildlife habitat or

when wildlife populations spread into areas dominated by

Interactions between human and wildlife have already
existed before records began (Soulsbury and White 2015).
However, today, human-wildlife interactions (HWI)
become more frequently due to changes in habitat, which
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humans (Ko6nig et al. 2021a). Habitat changes that are often
related to such processes are characterised by habitat loss,
habitat fragmentation, and habitat degradation (Banks-Leite
et al. 2020; Irwin 2016; Ullah et al. 2024). These types of
habitat transformation are predominantly interrelated and
co-occur in human-modified landscapes (Banks-Leite et al.
2020; Bennett and Saunders 2010), causing severe pressure
on wildlife populations (Irwin 2016) and posing a threat to
biodiversity worldwide (Banks-Leite et al. 2020; Fahrig
2017; Telleria 2016). Contemporary drivers of HWI are
also evident in human-enforced translocation of wildlife to
new habitats, natural expansion of recovered populations,
people’s changing attitudes towards wildlife due to climate
change, human presence in wildlife habitats, and the emer-
gence of zoonotic diseases (Konig et al. 2020).

The term “wildlife” refers to animal species that are not
domesticated as pets or livestock (Frank and Glikman 2019;
Yarrow 2009). The concept of HWI is primarily discussed
in literature related to conservation (Knox et al. 2021; Su et
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al. 2022) and agriculture (Konig et al. 2020, 2021a). How-
ever, this concept is also adopted in social sciences (Ben-
nett et al. 2017; Knox et al. 2021), economics (Fletcher and
Toncheva 2021), psychology (Buijs and Jacobs 2021) and
medical and health sciences (Mackenstedt et al. 2015). HWI
are defined as events involving direct or indirect contact
between humans and wildlife, either as individuals, groups,
or populations (Whitehouse-Tedd et al. 2021). Most often
in scientific literature and also in mainstream discourses,
negative HWI are analysed (=human-wildlife-conflicts).
Wildlife is causing threats to the livelihood or safety of a
person or a community (Inskip and Zimmermann 2009).
Negative outcomes for wildlife are often a consequence of
human-wildlife-conflicts, such as the persecution or lethal
control of wildlife, species habitat destruction or habitat
degradation (Dickman 2010; Nyhus 2016; Ogra 2008). In
contrast, a positive HWI and positive outcome can include
an increase in tolerance and awareness of wildlife, as indi-
cated by people encouraging wildlife presence and the cre-
ation of habitats (Morzillo et al. 2014). Besides the binary
evaluation — positive or negative — an additional neutral
option for assessing impacts is offered in the framework of
Soulsbury and White (2019) for both, human and wildlife
perspectives. Such a framework allows a fourth dimension
that describes interventions, i.e. measures, derived from the
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management

Situations where humans and
wildlife can interact

previously analysed outcomes and impacts of HWI (Fig. 1).
Positive HWI require coexistence management by improv-
ing the awareness for the wildlife species. Negative interac-
tions require conflict management with communicating the
risk and managing better wildlife.

In addition, recent literature suggested to shift the focus
away from conflict to coexistence (Buijs and Jacobs 2021;
Frank 2016; Frank and Glikman 2019; Glikman et al. 2019;
ITUCN SSC and HWCTF 2022; Marchini et al. 2019; Nyhus
2016). According to Glikman et al. (2019), coexistence
describes both the well-being of people interacting with
wildlife and the ethical treatment of involved wildlife. Cru-
cially, coexistence does neither imply only positive interac-
tions (Glikman et al. 2019) nor the absence of a conflict or
negative impacts (IUCN SSC and HWCTF 2022). Despite
the growing attention towards human-wildlife coexistence,
some authors argue for more science related to the concept
of coexistence (Carter and Linnell 2016; Knox et al. 2021;
Marchini et al. 2019). In this discourse, the IUCN Species
Survival Commission (SSC) Human-Wildlife Conflict and
Coexistence Specialist Group (HWCTF) proposed to go
beyond a single definition of coexistence. They suggested
to use a pluralistic approach with a set of key characteristics
including coexistence rather as a process than a fixed state
(IUCN SSC and HWCTF 2022).
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Fig. 1 Framework of human—wildlife interactions (simplified and modified version of Soulsbury and White 2019). HWI=Human-Wildlife

Interactions
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Literature showed that peri-urban landscapes (PUL)
become specific arenas, meaning locations, or places where
more HWT occur than in other urban spaces (Soulsbury and
White 2015). PUL are specifically prone to such interac-
tions due to their transitioning and dynamically changing
land use character (Spyra et al. 2021). This is due to the fact
that PUL are territories where urban and rural patterns are
mixed (Spyra et al. 2020), forming a specific zone laid in
between urban and rural areas (Simon 2021). Mostly, exist-
ing research focus on negative HWI in PUL, while posi-
tive interactions have been studied only to a limited extent.
Sogliani et al. (2021), for example, described positive emo-
tions such as joy and interest for human-rabbit interactions
in a peri-urban park. Further, Dandy et al. (2009) identi-
fied several possible positive human-deer interactions in a
PUL. Research on negative interactions between humans
and wildlife mainly deals with accidents. It often involves
wildlife-vehicle collisions (Hilario et al. 2021; Zuberogoitia
et al. 2014) and their causes and consequences, which can
include injuries and deaths to humans and wildlife.

HWI in PUL as a risk to human health are also of aca-
demic interest. Acharya et al. (2017) found a positive cor-
relation between the increase of attacks on humans by tigers
(Panthera tigris tigris), leopards (Panthera pardus), thinoc-
eros (Rhinoceros unicornis), and Asiatic elephants (Elephas
maximus) and the fragmentation of forests in densely popu-
lated settlements in Nepal. Zoonotic diseases are also well
studied (Harriott et al. 2019; Hornok et al. 2022; Sonawane
et al. 2021) because growing HWI in PUL increase the risk
of spillover events where pathogens are transferred from
wild animals to humans. In the European context, Mack-
enstedt et al. (2015) identified PUL as a priority contact
zone between humans and foxes (Vulpes sp.), favouring the
spread of parasitic zoonoses by wildlife in PUL. Obviously,
there exist different anthropogenic factors that potentially
influence HWI in PUL — land use/cover changes or human
activities, e.g. feeding wildlife or recreational use (Castillo-
Contreras et al. 2021; Das et al. 2022). In our study, we will
assess selected factors that potentially influence HWI in
PUL.

Despite growing interest in HWI and in PUL, research
about policy-making, addressing the mentioned aspects, is
largely missing. Several studies that are describing HWI
in PUL focus rather on analyses of consequences of inter-
actions, while giving less attention to approaches that are
reducing negative effects of these interactions (e.g., Chaves
et al. 2022; Hauptfleisch et al. 2021; Herbert et al. 2021).
This study aims to close this gap by gathering knowledge
that is important for policy-making in PUL as arenas of HWI.
It is implemented by gathering knowledge about appropri-
ate policy instruments, i.e., instruments aiming to support
sustainable coexistence of humans and wildlife, avoiding

emerging tensions and/or solving existing conflicts between
humans and wildlife in PUL. Given the needs mentioned
above, the following research questions were addressed:

1. Which are the characteristics of human-wildlife interac-
tions in PUL?

2. What influence do selected factors have on PUL as are-
nas of human-wildlife interactions?

3. Which policy instruments are appropriate in policy-mak-
ing for PUL as arenas of human-wildlife interactions?

We investigated these research questions by using an online
survey as a quantitative research method (Nardi 2018). We
intended to shift the focus from looking at individual spe-
cies at local level to a more universal set of outcomes and
classifications of HWI by considering positive, neutral and/
or negative impacts (Soulsbury and White 2019). We asked
scientists and practitioners working in the field of HWI and
PUL to answer a structured online survey with closed- and
open-ended questions.

Methodology

An online survey was used to gather data for this research.
Surveys and questionnaires are common stakeholder-based
(and expert-based) data elicitation tools in human-wildlife
analyses (e.g., see Auster et al. 2022; Pejchar et al. 2021;
Piana et al. 2024). The survey was divided into three the-
matic blocks according to the sequence of the three main
research questions (see supplementary material S1 for the
extract of the survey template). In order to categorise the
answers related to the third research question, the classifica-
tion of policy instruments provided by the Intergovernmen-
tal Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES) was used in this study. IPBES is a plat-
form for international collaboration between science and
policy for the conservation and sustainability of biodiver-
sity and ecosystem services (IPBES 2022a). The classifica-
tion of policy instruments of IPBES has been used due to its
international significance and the applicability of its meth-
ods and approaches in different contexts and worldviews.
According to IPBES, policy instruments can be categorised
into legal and regulatory instruments, rights-based instru-
ments and customary norms, economic and financial instru-
ments, and social and cultural instruments (IPBES 2022b).
While the development and implementation of policy instru-
ments is usually attributed to public authorities only, there
is a broader understanding that key decision-makers include
not only public authorities but also groups, organisations,
indigenous people and local communities, entities and other
stakeholders (IPBES 2022b).
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For the online survey, 12 closed-ended questions were
used, accompanied by six open ended questions. Open-
ended questions were asked, for example, about the name
of the project or case study related to HWI and for further
information about the study (supplementary material S1,
Q.2b scientists) or project (supplementary material S1,
Q.2c practitioners). In addition, the specific wildlife species
involved in HWI were asked (supplementary material S1,
Q.3a). The open-ended questions were grouped into catego-
ries (Doring and Bortz 2016). In order to achieve a common
understanding of selected terms, external links to IPBES’
definitions of policy instruments (IPBES 2022c) and the
process of policy-making (IPBES 2022b) were provided
to the respondents (supplementary material S1, Q.7, Q.9).
Due to the fact that the final sample size was low, we did
not distinguish further in the analysis between scientists and
practitioners.

Respondents were asked to rate their agreement with a
series of statements (supplementary material S1, Q.6, Q.8)
on a 5-point Likert-scale, ranging from “strongly agree
(1)” to “strongly disagree (5)”. The level of involvement
of different actors (supplementary material S1, Q.9) was
captured with an ordered scale with five options, rang-
ing from “very high (1)” to “very low (5)”. Likert-scale
is often used for stakeholder-based and expert-based data
elicitation, e.g. see Goodale et al. (2015); Kleemann et al.
(2017); Spyra et al. (2021); Ten et al. (2021); White et al.
(2005).

The open-source software tool LimeSurvey version
2.05 4+ Build 140,404 was used to operationalise the sur-
vey. The survey was activated from 22 August 2021 to
10 December 2021. Initially, a pre-test of the survey was
conducted to increase its clarity, methodological and sci-
entific soundness. Invitations to participate in the survey
were sent out from 28 September 2021 to 07 November
2021. This was done in the frame of both as an active and
passive sampling. The active sampling was carried out via
personalised or standardised e-mails to 212 well-known
experts in the field of HWI (known by publications, con-
ferences and direct contacts), while the passive sampling
was carried out by distributing the survey link through
relevant websites and social media channels, especially
those of the Global Land Programme (GLP 2021). The
target group of the survey consisted of an international
group of scientists and practitioners working on HWI
in PUL. Due to the exclusive selection of respondents,
this was a judgemental sampling (Nardi 2018). Since the
data collection took place once, the study represents a
cross-sectional study in terms of the temporal dimension
(Déring and Bortz 2016).

During the survey period, the online questionnaire
was accessed 123 times. A total of 123 datasets were thus
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available for data preparation, with one dataset repre-
senting one access to the online-survey. All datasets were
checked for completeness and duplicates (Ddoring and
Bortz 2016). A total of 82 datasets had to be removed;
79 datasets due to incompleteness (i.e., 54 datasets con-
tained only the mandatory answers; further 16 datasets
had no answers; another nine datasets included missing
mandatory responses and three datasets were identified
as duplicates, probably due to a temporary data storage).
Finally, there were 36 datasets classified as fully com-
pleted. In addition, five datasets were regarded as mostly
complete, i.e., only max. 10 answer items were missing.
Thus, 41 datasets were assessed as valid and were used
for the analysis. The completion rate of 33.3% was rather
low which might have been related to the extent of the
online survey.

We exported the collected data from the questionnaire
software LimeSurvey as xIs file. Statistical analysis was
performed with RStudio Version 4.2.0, data preparation
and presentation were done with Microsoft Excel. For
research question (RQ)1, nominal-scaled variables for
questions Q.3 to Q.5 were examined by indication of fre-
quencies. For RQ2 and RQ3, interval-scaled variables of
question Q.6, Q.8 and Q.9 and nominal-scaled variables
of Q.7 were analysed. Data for interval-scaled variables
were analysed with descriptive statistics, using univari-
ate statistical values such as mean, standard deviation,
median, minimum and maximum and range with the “sum-
mary” function in the RStudio-package {psych}”. The
bivariate analysis was carried out by cross-tabulation with
the “xtabs” function on the RStudio package “{stats}”.
In order to further address RQ3, the relationship between
variables HWI classification (Q.5) and policy instru-
ment (Q.7) was determined through correlation using the
Chi-Square statistic with the RStudio function “chisq.
test{stats}”. The Fishers Exact Test, function “fisher.
test{stats}” on RStudio, was performed for the Chi-
Square test which is mandatory if more than 20% of the
numerical values are less than five (Kuckartz et al., 2010).
Cramer’s V, with RStudio-function “cramerV {Isr}”, was
used as a measure for the effect size of the association,
as it is applicable to cross-tabulations of any size (Kuck-
artz et al., 2010). For hypothesis tests, 0 <0.05 was used
as the significance level. Rating scales were handled in
the analysis as interval-scaled variables and were tested
with the arithmetic mean (Nardi 2018). Technically, these
are ordinal-scaled, but in order to be able to calculate and
examine further statistical parameters such as mean val-
ues, an interval scale was assumed here. This approach is
standard for rating scales (Berger-Grabner 2016; Doring
and Bortz 2016; Nardi 2018).
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® Case studies of scientists (n = 34, include once no answer)

© Projects of practitioners (n=7)

Fig. 2 Distribution of case studies of scientists and practitioners by country. However, we did not distinguish further in the analysis between scien-
tists and practitioners due to the fact that the final sample size was low. Map reproduced from Wikimedia and edited by the author

No answer, Birds, 9.8%

2.4% Fish,2.4%

Invertebrates,
2.4%

Mammals,
82.9%

Fig. 3 Distribution of animal groups involved in human-wildlife inter-
actions. (Question 3. Which wildlife was involved in the human-wild-
life interaction investigated? Please assign the animal group.)

Results

Characteristics of human-wildlife interactions in
peri-urban landscapes

The sample of the online survey included a total of 41
valid responses. As a professional background, 83% of the
respondents stated that they were scientists and 17% worked
as practitioners in the field of HWI and PUL. Almost half of
the respondents stated Europe (49%) as their continent of
origin (Fig. 2). Approximately a quarter of the respondents
came from Asia (24%) and 12% from North America. In

decreasing order, respondents were from South America
(7%), Australia (5%) and Africa (2%).

In their case studies, respondents were mainly concerned
with human-wildlife conflicts (15 mentions), HWI (14 men-
tions) and human-wildlife management (12 mentions, sup-
plementary material S2, Q.2b). Research on human-wildlife
coexistence was mentioned eight times. Further topics were
habitats (5 mentions) and collaborations (4 mentions). With
two mentions respectively, respondents addressed human
and wildlife health, landscape change, planning and policy.
Land use was mentioned once as a focus of research. The
countries where the studies took place show an emphasis on
European countries and India (Fig. 2).

With 82.9%, mammals accounted for the largest share
of wildlife involved in HWI (Fig. 3). This was followed
by 9.8% of interactions with birds and 2.4% with fish and
invertebrates, respectively. Carnivores, as a sub-group,
were involved in 41.4% of the HWI and they were men-
tioned on different taxonomic levels. Big cats (Pantheri-
nae, 11 mentions), wolves (Canis sp., 10 mentions), bears
(Ursidae, 7 mentions), small cats (Felinae, 6 mentions) and
foxes (Vulpes sp., 5 mentions) accounted for the majority
of carnivores that were named. Interactions with even-toed
ungulates (4rtiodactyla) accounted for 30.2% of all men-
tioned wildlife species (supplementary material S2, Q.3a).
In this case, deer (Cervinae, 13 mentions), wild boar (Sui-
dae, 12 mentions), and medium-sized bovids (Caprinae, 5
mentions) formed the majority. In 16.4% of the case stud-
ies, other mammals were involved in the HWI. Primar-
ily monkeys (Primates, 7 mentions), rodents (Rodentia, 5
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Fig. 4 Distribution of different effects of human-wild- 50%
life interactions by short- and long-term outcomes. 45%
(Question 4. What outcomes of the human-wildlife 40%
interaction with the wildlife species mentioned before ® 359
[in Question 3a] were typical in the context of your 3 °°
studied peri-urban landscape? ) §_ 30%
2 25%
.:c:) 20%
o 15%
£ 10%
5%
0%
Fig. 5 Distribution of assessment of human-wildlife 50%
interactions. (Question 5. How would you classify the 45%
human-wildlife interaction described above from the 0
perspective of human and wildlife? ) 40%
£ 35%
(2]
§_ 30%
2 25%
% 20%
o 15%
£ 10%
5%
0%

O Positive human-wildlife interaction
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fects effects effects effects
@ Short-term outcomes B Long-term outcomes
(n=52) (n=53)
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0,
23.5% 21 6%

from the perspective of humans
(n=51)

from the perspective of wildlife
(n=37)

O Neutral human-wildlife interaction

B Negative human-wildlife interaction

mentions) and elephants (Elephantidae, 4 mentions) were
described here. Different bird species (Gruidae, Laridae,
Psittaciformes, Sturnidae, Picidae) represented 6.9% of the
total interactions.

Outcomes of HWI can be examined in three dimensions:
direct to indirect, positive to negative, and in a temporal
scale of short- to long-term. We recorded a total of 105 out-
comes of HWI in the survey; almost equally divided into
short-term and long-term outcomes (Fig. 4). Short-term
negative direct effects had the highest value (44.2%), even
though long-term negative direct effects were only 18.9%.
By contrast, the short-term indirect negative effects were
rated as 17.3% while the long-term indirect negative effects
were 35.8%. For positive effects, the differences were not as
strong as for the negative effects. The direct positive effects
remained similar in short-term and long-term, but the fluc-
tuation was slightly more pronounced for indirect positive
effects, which increased by 9.1% from short- to long-term.
Indirect effects, both positive and negative, showed a clear
increase from short- to long-term scale. Among the short-
term outcomes, 61.5% were negative and 38.5% positive
effects. Thus, 67.3% of the short-term outcomes were direct
and 32.7% indirect. The long-term outcomes were classified

@ Springer

as negative at 54.7% and positive at 45.3%; with 60.3% of
the effects considered indirect and 39.7% direct.

The respondents were asked to give a conclusive assess-
ment of the HWI described previously from the perspec-
tive of humans and wildlife. From a human perspective for
humans, the majority of HWI were evaluated as negative,
followed by positive and neutral ratings (Fig. 5). From a
human perspective for wildlife, the majority of interactions
were also rated as negative, but followed by neutral and
finally positive ratings. In this closed-ended question, it was
possible to evaluate the interaction multiple times, i.e., posi-
tive, neutral and/or negative.

Characteristics of selected factors on human-
wildlife interactions in peri-urban landscapes

Participants were asked for an evaluation of different state-
ments related to selected characteristics of PUL that make
them arenas of HWI. The results of the rating in Fig. 6
showed a range between 1 (strongly agree) and 3 (neutral).
The ratings of statements PUL 1 and PUL 2 were similar,
both achieved high levels of agreement. PUL 1 achieved a
strong agreement. A total of 85.4% of respondents strongly
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Fig.6 Mean values with standard Level of agreement (Likert-scale)
deviation showing rating of 1 2 3 4 5

statements on characteristics of
peri-urban landscapes as arenas
of human-wildlife interactions
(supplementary material S2, Q.6)

PUL_1: The contemporary change of land use or land cover
in peri-urban landscapes results to an increase of human-
wildlife interactions.

PUL_2: The availability of food through to the low-density
discontinuous settlements of peri-urban landscapes (garden,
waste etc.) leads to frequent human-wildlife interactions.

PUL_3: Peri-urban landscapes used for recreation are
hotspots for human-wildlife interactions.

PUL_4: Nature conservation activities in peri-urban

landscapes increase the local human-wildlife interactions.

PUL_5: Human-wildlife interactions in peri-urban landscapes
are a result of the fragmentation of wildlife habitats.

PUL_6: The growing overlap between human and wildlife
habitats is related to the high accessibility of peri-urban
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agreed or agreed with this statement (supplementary mate-
rial S2, Q.6). For PUL 2, 78.0% of respondents gave a rat-
ing of “strongly agree” or “agree”. Lowest agreement, but
still in the range of “neutral” was shown for the statement
PUL 4. The dispersion of the values resulted in a distribu-
tion between 2 (agree) and 4 (disagree). Beside a compara-
tively low agreement level with 47.5% of the respondents
with “strongly agree” and “agree”, PUL 4 also received
a strongly neutral evaluation (37.5% of the respondents
selected “neutral” for PUL 4). PUL 5 also achieved a
rather low level of agreement but with a high dispersion
of values. Approximately 61.0% of the respondents rated
PUL 5 with “strongly agree” or “agree” (supplementary
material S2, Q.6).

Characteristics of policy-making for human-wildlife
interactions in peri-urban landscapes

The survey was carried out using the classification of pol-
icy instruments according to IPBES (IPBES 2022c). Sur-
vey respondents were asked to select a policy instrument
that was in their opinion most suitable for managing the
HWI described previously. The majority of respondents
chose social and cultural instruments with 41.5%, followed
by legal and regulatory instruments (31.7%) as appropri-
ate policy instrument. Approx. 14.6% of the respondents
preferred economic and financial instruments and 9.8%
favoured rights-based instruments and customary norms
(supplementary material S2, Q.7).The highest agreement
across all policy instruments was given to the statement
that rights-based instruments and customary norms provide
incentives to achieve certain goals or behaviours (Fig. 7,

PI_5). In contrast, the highest disagreement across the pol-
icy instruments was shown for the statement PI_4 that sanc-
tions for non-compliance are included in social and cultural
instruments. According to the respondents, the protection of
affected wildlife (Fig. 7, PI_7) was mainly ensured by rights-
based instruments and customary norms. When examining
the relationship between the classification of HWI and the
chosen policy instrument, the p-values of both, the Chi-
Square test (X-squared=20.839, df=15, p-value=0.1421)
and the Fisher’s exact test (p-value=0.1199), indicated
that there is no statistically significant relationship between
the classification of HWI and the chosen policy instrument
(supplementary material S2, Q.7).

On average, respondents rated that the level of involve-
ment of stakeholders and scientists in the policy process of
social and cultural instruments is high (Fig. 8); with stake-
holders attaining a slightly higher level of involvement.
Similar responses exist regarding economic and financial
instruments. The involvement of experts/scientists, stake-
holders and citizens/lay persons was rated lowest among all
policy instruments (as moderate) for legal and regulatory
instruments (Fig. 8).

Discussion

Human-wildlife interactions in peri-urban
landscapes

Mammals are the most common taxa of wildlife being

involved in HWI (Distefano 2005; Soulsbury and White
2019) — also confirmed by our findings (82.9% of the cases).
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Fig. 7 Mean values with standard 5
deviation showing rating of
statements for different policy
instruments (supplementary
material S2, Q.9). Likert-scale is
ranging from “strongly agree (1)”
to “strongly disagree (5)”

N

N

Level of agreement (Likert-scale)
w

-

Social and cultural
instruments

Legal and regulatory

Economic and financial
instruments

Rights-based
instruments and
constumary norms

instruments

PI1_1: The proposed policy instrument considers scientific knowledge about human-wildlife interactions in

peri-urban landscapes.

m PI_2: The implementation of measures decided in the policy instrument is ensured.

m PI_3: The policy instrument includes binding decisions for relevant stakeholders.

m PI_4: Sanctions for noncompliance are included in the policy instrument.

= PI_5: The proposed policy instrument gives incentives for achieving defined objectives or behaviours.

m PI_86: The policy instrument is tailored to the requirements of policy making in peri-urban landscapes.

m PI_7: Protection of the most affected wildlife is ensured by the policy instrument.

o

Fig. 8 Mean values with standard
deviation showing rating of
actor’s involvement for different
policy instruments. (Q.9. What
level of involvement into the
process of policy-making does
your previously selected political
instrument allow the following
actors? ) Likert-scale is ranging
from “very high (1)” “to very low
(5)”. Definition of actors accord-
ing to Spyra et al. ( 2020).

N

w

N

o

Social and cultural
instruments

-

Level of agreement (Likert-scale)

O Experts/scientists

More than 40% of the interactions described in our study
involved carnivores, which are particularly predisposed
to participate in HWI due to their large range and dietary
requirements (Linnell et al. 2001). The importance of ani-
mal size was also reflected in frequent mentions of bears
(Ursidae) and elephants (Elephantidae) in our study, which
are also among the conflicting wildlife species (Torres et al.
2018).

Looking at the findings on the outcomes of HWI in
PUL, the balance of short-term and long-term results seems
remarkable as the literature tends to report about the lack of
awareness and research on long-term outcomes (Chaves et
al. 2022; TUCN 2020; Konig et al. 2021b). Indirect nega-
tive effects have increased from short-term to long-term
level, and in the indirect negative long-term effects become
evident through potential late effects such as additional
financial expenses or losses and shortages in food provision
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Legal and regulatory

[

Economic and financial

Rights-based

instruments instruments instruments and
constumary norms
@ Stakeholder m Citizens/laypersons

(Ogra 2008). Positive effects do not show as much varia-
tion as negative effects between the different dimensions
and appear more consistent than negative effects. This may
be due to the fact that positive outcomes of HWI are often
intangible (Soulsbury and White 2015) or less well-docu-
mented than negative effects. Our data clearly showed more
negative than positive outcomes, which can also be attrib-
uted to a biased analysis of HWI that often focus on conflict
and its negative consequences (Bhatia et al. 2020; Glikman
et al. 2019; Knox et al. 2021; Konig et al. 2021a).

Taking the perspective of animals as a human is an
emerging field of human-animal studies (Taylor and Sig-
nal 2011) that seeks to provide valuable insights into how
animals experience and perceive human interactions. The
HWTI in our study were seen from both, human and wildlife
perspective, predominantly as negative, and correlated with
our data of negative effects. Results of positive interactions
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from a wildlife perspective were consistent with the positive
effects, but the rating of positive HWI from the perspective
of humans was significantly higher than the rating of posi-
tive effects from the wildlife perspective (as perceived by
humans; supplementary material S2, Q.4, Q.5). This find-
ing can be interpreted as a confirmation that the respondents
rated HWI as positive, but at the same time, there are limita-
tions in perceiving specific positive effects. Fundamentally,
it is also important to recognise that, in addition to individ-
ual perceptions, evaluations and classifications of positive
and negative effects of HWI, individual attitudes towards
the relevant wildlife species can also influence the results
(Basak et al. 2022). Our data furthermore showed that most
of the HWI were considered as negative from the perspec-
tive of humans and the perspective of wildlife. It can be
emphasised that negative effects of HWI are not limited to
wildlife; they can also have significant impacts for humans.
It is important to approach this issue with an awareness of
the limitations of interpreting animal behaviour, as in this
case, it is critical to assume that animals have human-like
thoughts, emotions and intentions (Griffin 2013). In the
context of our study, the change of perspective as a human
towards wildlife can be considered as experimental.

Influence of selected factors on human-wildlife
interactions in peri-urban landscapes

Landscape changes create relevant habitat alterations that
bring wildlife and humans into proximity and cause interac-
tions as they compete for resources (Acharya et al. 2017;
Distefano 2005; IUCN SSC and HWCTF 2022). The major-
ity of the respondents agreed or strongly agreed that con-
temporary changes in land use/land cover in PUL lead to
an increase in interactions between humans and wildlife.
The main processes of land use/land cover changes lead-
ing to intensified HWI in PUL are deforestation (Chaves et
al. 2022; Hilario et al. 2021; Mustatea and Patru-Stupariu
2021; Rodamilans et al. 2020) and the conversion of agri-
cultural land (Geneletti et al. 2017; Patel et al. 2019). Fur-
thermore, the development of infrastructure (Chaves et al.
2022; Zuberogoitia et al. 2014), residential areas (Billah
et al., 2021; Dadashpoor and Ahani, 2021), and recreation
areas (Lamhamedi et al. 2021; Mustatea and Patru-Stupariu
2021) are driving forces of HWI in PUL.

Our results showed that the availability of food due to the
low density of discontinuous peri-urban settlements lead to
frequent HWI. There are some other studies confirming this
aspect — for example, Das et al. (2022) found that food from
human food waste accounts for a considerable part of the
diet of foxes (Vulpes bengalensis) in Indian PUL, leading
to an increasing risk of human-wildlife conflicts. Sonawane
(2021) highlighted the elimination of pathogens that pose a

health risk to humans and livestock as a benefit, if species
in PUL depend on food waste as a food source. In addition,
the relationship between food availability and the increase
of HWI strongly depends on the wildlife species and not all
species may be affected in the same way. For instance, din-
goes (Canis lupus ssp. dingo; Allen et al. 2016) and brown
bears (Ursus arctos; Lodberg-Holm et al. 2019) do not
appear to be significantly dependent on the availability of
food from human waste. Consequently, other factors may be
considered as crucial for intensified HWI with these species.
PUL are highly accessible areas for both humans and
wildlife. From the human perspective it is most often related
to the development and use of transportation infrastructure
(Gagnon et al. 2015; Herbert et al. 2021) and power lines
for energy supply (Chaves et al. 2022; Hilario et al. 2021).
Most of the respondents agreed or strongly agreed that the
growing overlap of human and wildlife habitat is related to
the high accessibility of PUL. Changes to wildlife habitats
due to road and transport infrastructure development is a
major cause of collisions between vehicles and mammals
and is responsible for serious injuries to people and animals
as well as expensive property damage (Gagnon et al. 2015;
Mustatea and Patru-Stupariu 2021). The characteristics and
consequences of vehicle-wildlife collisions depend on the
speed of the vehicles, the type of road, trees next to roads
and distance to urban areas (Hilario et al. 2021). The grow-
ing overlap of human and wildlife habitats has been associ-
ated with behavioral changes and habituation of wildlife to
human presence and anthropogenic disturbance (Castillo-
Contreras et al. 2021; Ziege et al. 2016). Formative factors
may include specific human interventions such as artificial
feeding (Hegglin et al. 2015; Mustatea and Patru-Stupariu
2021), the removal of habitat elements, e.g. plant removal
by its collection (Irwin 2016) and fuelwood harvesting
(Billah et al., 2021). Furthermore, hunting practises (Lod-
berg-Holm et al. 2019; Morzillo et al. 2014), noise, and air
pollution play a role in this case (La Rosa et al. 2018).
Especially fragmentation can substantially modify corri-
dors for species, or isolate populations by reducing habitats
until they fall below a certain threshold necessary for spe-
cies survival (La Rosa et al. 2018). We identified an average
agreement, based on a diverse set of opinions, for the state-
ment that HWI in PUL are a consequence of wildlife habitat
fragmentation. Again, roads are often regarded as a source
of such fragmentation (Ramp et al. 2006) and a reason for
individual injures through collisions with vehicles. Acharya
et al. (2017) argue that forest fragmentation is a key factor
causing human-wildlife conflict, although the extent of the
impact depends on the specific habitat requirements of spe-
cies. Further, it is emphasised that few studies have been
conducted to determine as whether and to what extent land-
scape fragmentation leads to human-wildlife conflicts. The
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fact that almost a quarter of the respondents disagreed or
strongly disagreed with the statement that HWT are a result
of habitat fragmentation may hint to the aspect that frag-
mentation (as a species-specific factor) was less relevant in
the respondents’ case studies.

Policy-making for human-wildlife interactions in
peri-urban landscapes

There exist different types of policy instruments to address
HWI in PUL. Most respondents chose social and cul-
tural instruments as the most suitable policy instrument to
address HWI in PUL. Our data suggest that the integration
of scientific evidence and the involvement of stakehold-
ers and experts are major advantages of this type of policy
instrument. The use of social and cultural instruments is
often proposed through the implementation of information
and awareness-raising campaigns or environmental educa-
tion programmes (Piorr et al. 2011; Soulsbury and White
2015). For example, Hegglin et al. (2015) sensitised the
public in campaigns to keep distance and not to feed or
tame red foxes (Vulpes vulpes) because they are considered
as potential hosts and distributors of zoonotic diseases. In
addition, the involvement of different stakeholders plays an
important role in applying these tools to meet the needs of
policy-making for PUL as arenas of HWI.

In our analysis, legal and regulatory instruments were
chosen by our respondents in second place. Legal and regu-
latory instruments show strong advantages in terms of its
adaptability to policy-making addressing HWI in PUL, by
the possibility to include sanctions and to integrate scientific
knowledge. It seems surprising that these instruments were
chosen only in second place, as the literature shows their
very common use for policy-making in PUL (Llausas et al.
2016; Melot and Hamilton 2016; Mortoja et al. 2020; Spyra
etal. 2021).

Economic and financial instruments were assessed as
being suitable for the needs of policy-making in PUL but, in
this case, the enforcement of wildlife protection measures
can be considered as a challenge (supplementary material
S2, Q.9). In contrast, rights-based instruments and custom-
ary norms received agreement to ensure the protection of
affected wildlife, but meeting the requirements of PUL for
policy-making can be challenging (concluded from the rat-
ing of Q.8). For both policy instrument types, the provision
of incentives to achieve certain goals or behaviours was
seen as a strong benefit. Economic and financial instru-
ments in particular provide good stakeholder participation
according to our results (supplementary material S2, Q.9).
For example, Piorr et al. (2011) highlighted the indispens-
ability of incentives for nature conservation and for the pro-
vision of ecosystem services in PUL. Konig et al. (2021b)
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described compensation schemes as a anticipatory policy
and stressed the fact that these compensation schemes
should be developed in cooperation with businesses, sci-
entists, local authorities and other stakeholders in order to
target problems and achieve desired outcomes. Measures
seek to reimburse especially farmers for crop and live-
stock losses through compensation payments or licenses for
natural resource use. Other financial programmes include
insurances for crop or livestock losses and subsidy-based
incentives to offset the costs of conservation-friendly prac-
tices (Hodgson et al. 2020; I[UCN and SSC 2022).

Based on our results, we suggest that the implementation
of policy mixes (composed of various types of policy instru-
ments) could be a sustainable approach to address HWI in
PUL. The combined use of social and cultural instruments
as well as legal and regulatory instruments to manage HWI
is recommended, for example, in case studies by Souls-
bury and White (2019) and Fernandez-Juricic and Telleria
(2000). Further examples for the recommended use of a
policy mix can be found in the cases of different wildlife
species like wild boar, cranes, wolves, and European bison
in Brandenburg, Germany (Konig et al. 2021b) and for a
shared landscape by humans and large carnivores (Carter
and Linnell 2016).

The specific nature of HWI rarely allows to transfer
potential solutions from one setting to another (Konig et
al. 2021b; Zimmermann et al. 2020). A common aspect
in scientific literature on HWI in PUL addresses the need
for context-dependent, adapted and effective management,
planning strategies and policy approaches in order to reduce
HWI with primarily negative outcomes for humans (Cas-
tillo-Contreras et al. 2021; Chaves et al. 2022). The analysis
of the survey results supports these findings — due to the
fact that a general relationship between the classification
of HWI and policy instruments could not be demonstrated
(supplementary material S2, Q.7). The weak effect of this
correlation can be attributed to several strong associations at
the level of individual links, indicating a tendency to apply
a specific policy instrument for a particular classification of
HWI. Based on our study, the recommendation emerged to
use legal and regulatory instruments for neutral HWI from
a human perspective and negative HWI from a wildlife’s
perspective. Rights-based instruments and customary norms
can be recommended for positive HWI, and economic and
financial instruments for negative interactions, both from
the perspective of wildlife and humans. Basically, the cor-
relation analysis supports the recommendation for the use
of social and cultural instruments with a particular focus on
positive and negative HWI from the perspective of humans
as well as for neutral interactions from the perspective of
wildlife (supplementary material S2, Q.7).
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The observed strong negative correlation between social
and cultural instruments and negative interactions from
a wildlife perspective (supplementary material S2, Q.7)
was unexpected, as these instruments (e.g., education pro-
grammes) are recommended to address negative impacts
of HWI on wildlife, such as inappropriate feeding of spe-
cies, human disturbance and killing (Fernandez-Juricic
and Telleria 2000; Hodgson et al. 2020). Rather, the results
showed a tendency towards the use of legal and regula-
tory instruments and economic and financial instruments to
reduce negative outcomes for wildlife. This could indicate,
for example, that policy instruments developed and imple-
mented by public authorities, such as laws and regulations,
are more appropriate and that financial incentives have the
potential to encourage people to reduce or avoid actions that
harm wildlife.

Limitations of the research method and future
research directions

Our study provided new insights in characterising HWI in
PUL and especially entered the urgently needed discussion
about appropriate policy instruments in order to reduce
emerging human-wildlife conflicts. However, we are aware
that HWI in PUL is a complex topic that cannot be easily
addressed in an online survey. Despite the advantages of
using an online survey (e.g., see Evans and Mathur 2005),
many participants did not finish our survey which could
hint towards some potential difficulties, e.g., the complex
or incomprehensive formulation of questions, potentially
too many questions, or unclear survey formulation, which
was also identified as a survey limitation by Evans and
Mathur (2005). The mode of an online survey did not allow
to investigate direct and concrete demands (even though
we expressed our availability regarding inquires) that could
have brought in some misunderstandings and that could
have influenced our findings. The later could be reflected by
the missing correlation in the statistical tests. A larger sam-
ple size could have reduced the variability in answers and
could have improved the robustness (White et al. 2005). On
the other hand, the survey allowed participants to describe
their specific case in open-ended questions because closed-
ended questions might artificially constrain the participant
(Patton 2002).

HWI are manifold as our study showed. Therefore, also
the policy instruments that address specific interactions are
diverse and should be context-specifically selected in order
to solve individual cases. The geographical location of the
mentioned studies showed also a bias towards Europe and
India. In addition, the survey mainly covered the individual
perspectives of respondents which might not have resulted
in professional and objective answers but rather opinions

that emerged due to observed or experienced problematic
HWI. Therefore, it might be possible to observe an inherent
tendency towards negative perspectives on HWI. The indi-
vidual background by scientific training of the respondents
can also shape the selection and assessment of the respec-
tive policy instrument, e.g., a biologist might be less familiar
with socially-related policy instruments and would (maybe)
give higher importance to regulatory instruments. Overall,
the findings emphasise the need of a careful consideration of
the individuality of the cases; recognizing the local context
and actors. However, this approach might increase also sub-
jectivity which cannot be excluded in participatory methods
in general (Cooke 1991; Tolma and Brydon-Miller 2001).

As shown, the generalisation of the findings is limited.
Only tendencies can be shown with limited sample size
(Nardi 2018). For future studies, it is suggested to differ-
entiate between the perspectives of scientists and practitio-
ners in order to understand (e.g., a scientific) bias and to be
able to compare and discuss the results under the aspect of
the relevance of practice. This will be in line with observa-
tions from Gundersen (2018) who sees the role of scientists
and experts in policy-making processes in a different way.
Further research, focusing on practitioners, is recommended
to gain a more comprehensive understanding of the prac-
tical application of appropriate policy instruments (e.g., in
the frame of a policy mix) and to confirm or reject current
findings. In order to improve the statistical robustness of a
quantitative survey, more active motivation of potential par-
ticipants and more international outreach would be needed.
In addition, affected citizens could enrich this part with their
experiences and insights. Furthermore, qualitative research
such as interviews with experts and stakeholders could
complement the quantitative approach to further explore
and elaborate the context, suitability, and applicability of
recommendations.

Conclusion

The findings of this research confirmed that HWI with dif-
ferent species occur in PUL and that interactions with mam-
mals are the most common taxa. Based on our collected
information from scientists and practitioners working in
the field of HWI, negative effects of HWI tended to have
a strong direct impact on a short-term scale, while indirect
effects become evident on a long-term scale. Positive effects
of HWI appeared more consistent but were lower or less
visible. HWI from the perspective of humans and wildlife
showed that for both perspectives, most interactions were
rated as negative. The respondents perceived that humans
and wildlife are affected differently by the interactions, while
the outcomes and effects vary across different dimensions
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and scales. The results also showed that respondents assume
that HWI in PUL are influenced by a variety of factors like
land cover changes in PUL, or availability of food in peri-
urban settlements. The increasing overlap between human
and wildlife habitats is mostly related to the high acces-
sibility of PUL, and moderately related to the use of PUL
for recreational purposes and for conservation activities.
The respondents further believed that social and cultural
instruments, along with legal and regulatory instruments,
might be the most appropriate policy instruments to address
HWI in PUL. Social and cultural instruments can address
the specificities of HWI in PUL through the involvement
of relevant actors. Legal and regulatory instruments have
strengths in terms of their adaptability to policy-making for
PUL, the inclusion of sanctions and the integration of sci-
entific knowledge. The findings suggest that a policy mix
including specifically social and cultural instruments and
legal and regulatory instruments can be recommended as
a valuable and effective combination of policy-making for
PUL as arenas of HWI.
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