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Abstract

Background Instances of attacks from large carnivores that lead to human injury or death are increasingly reported
worldwide. Ensuring human safety when people and carnivores co-occur is central to minimizing human suffering
but is also essential to support sustainable carnivore conservation. Various interventions are available intended to alter
either the behavior of large carnivores or people, in order to reduce the likelihood of a risky encounter and an attack.
Collated evidence on best practices is still lacking, and this protocol outlines a systematic review of evidence for inter-
vention effectiveness to reduce the risk or severity of direct attacks on humans by large carnivores. Specifically,

the review seeks to answer the question: How effective are evaluated interventions in reducing large carnivore attacks
on people?

Methods The bibliographic databases Zoological Record, BIOSIS Citation Index, and Scopus will be searched using

a predefined search string. Grey literature will be requested through professional networks, contacts with relevant
organizations, and searching selected websites. All returned titles and abstracts will be manually screened using
Rayyan.ai. For inclusion, studies should describe the Population, Intervention, Comparator, and Outcome (PICO)

of the review research question and be written in English, Spanish, or Swedish. Review papers will be excluded. All
records of data coding and extraction are documented in a purposely developed, and priorly piloted, data sheet.
Critical appraisal of study validity will be done according to the Collaboration for Environmental Evidence Critical
Appraisal Tool prototype version 0.3. Review outcomes will be synthesized in a narrative, and if possible, a quantita-
tive synthesis. The narrative synthesis will describe in text the carnivore population (species, location), context (target
object, intervention model), as well as the design and reported results of each study. The quantitative synthesis will
include a summary statistic, preferably logarithmic risk ratio, calculated for each original study. A forest plot will be
created to visualize study outcomes, as well as judgments of critical appraisal. Provided that enough data is available
and that it complies with its assumptions, a meta-regression analysis will be undertaken using metafor package for R
software.
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the order carnivora with a body mass of>15 kg, [45]).
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Their viability cannot be sustained within the limited
boundaries of protected areas in human-dominated land-
scapes [10], which are often too small considering the
large spatial requirements of these species. The majority
of protected areas in Europe, for example, are too small
to sustain viable large carnivore populations [46] and,
consequently, large carnivores persist in landscapes with
varying levels of human activities and land transforma-
tion [10, 33]. This pattern can be observed around the
globe for different species and contexts [9]. In India, an
increasing number of tigers are found outside reserves
[27]. On the other hand, increasing human populations
means more people in more places, including protected
or more remote areas (e.g., recreational activities [42]).
As a consequence, with more large carnivores persisting
in human-dominated landscapes, and more people eve-
rywhere, it is expected an increasing number of interac-
tions between large carnivores and humans, and more
risk-enhancing human behaviors that can increase the
likelihood of risky encounters with wildlife.

Sharing the landscape can lead to more positive and
beneficial interactions between humans and wildlife, but
may also lead to interactions of a more negative kind [22,
36]. Negative interactions between wildlife and people
can be indirect, such as when wild animals are involved
in vehicle accidents (e.g., [12]) or through the spread of
zoonotic disease (e.g., [29]). Wildlife can also cause more
direct threats to human health, for instance if wild ani-
mals attack and physically injure or kill a person [36].
Instances of attacks from large carnivores that lead to
human injury or death are increasingly reported world-
wide [7]. Increases may reflect actual numbers of inci-
dents, but could likewise reflect an increasing research
interest or report bias with regards to wildlife interactions
[36]. Syntheses of attack reports often focus on specific
species or geographical regions, and the total number
of incidents, involving all carnivore species, is likely dif-
ficult to estimate. Bombieri et al. [7] identify 5 440 large
carnivore attacks between 1950 and 2019. This number
is, however, based on data from a limited geographical
range, and is likely an underestimate. Species specific
worldwide syntheses have for example been made for
brown bears (Ursus arctos), with 664 attacks recorded
between 2000 and 2015 [6], or wolves (Canis lupus), with
489 attacks recorded between 2002 and 2020, of which
380 were rabid attacks [32]. Lions, leopards, and tigers
(Panthera species) are also regionally reported as causing
human injury or death (e.g., [1, 40]) and coyotes (Canis
latrans) are reported to cause mainly bite wounds [51].
The context of wildlife attacks on people includes situ-
ations of human leisure or livelihood activities [6, 7] in
forests, farmlands, urban settings, or even in homes [1,
6, 51].
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Ensuring human safety when people and carnivores
co-occur is central to minimizing human trauma and suf-
fering (e.g., [11, 17, 44]). It is also essential to support sus-
tainable conservation efforts, as increasing human health
and safety concerns would likely compromise the support
for future carnivore populations [48]. To avoid attacks on
humans caused by large carnivores, various interventions
are available intended to alter the behavior of the wild
animals, or the behavior of humans near wildlife [51], or
both. Interventions intended to temporarily alter animal
behavior include, but are not limited to, more technical
interventions such as scaring devices, deterrents, barri-
ers, and fences (e.g., [14, 19, 26, 28]). There are also prac-
tical interventions which are intended to alter animal
behavior long term, including efforts of aversive condi-
tioning or relocation of the animals (e.g., [2, 3]). Inter-
ventions intended to alter the behavior of people around
wildlife include information campaigns or experiential
education about how to act near wildlife (e.g., [5, 47]).

Considering human safety and wellbeing, large car-
nivore conservation and a sound allocation of funding
and the continuous development of best practices, it
is important to collate evidence of intervention effec-
tiveness and identify potential knowledge gaps. Previ-
ous reviews of intervention effectiveness have identified
a lack of credible evidence for how to manage direct
negative encounters with carnivores [34], or insufficient
evidence to draw conclusions about their effect in specifi-
cally reducing attacks on people [30]. Instead, a majority
of previous reviews have largely focused upon interven-
tions to reduce predation from large carnivores on live-
stock (e.g., [18, 21, 38, 49]). Although there might be
some overlap with regards to the interventions used to
prevent attacks from large carnivores on livestock with
interventions intended to prevent attacks on people, we
are expecting that some interventions may differ. For
instance, interventions to prevent attacks on people may
need to be portable when people visit carnivore areas,
such as some deterrents (e.g., [52]) or could focus on edu-
cational efforts (e.g., [3, 5]) or alert systems (e.g., [16]). A
review focusing specifically on reducing the direct nega-
tive impacts of large carnivores on humans, while includ-
ing all possible evaluated interventions is still lacking.

In this protocol and the attached ROSES form (Addi-
tional file 1) we outline a systematic review of evidence
for intervention effectiveness to reduce the risk or
severity of direct attacks on humans by large carni-
vores. Specifically, the review focuses on articles with
focal wild species that are native to the study areas,
as invasive or non-native species may be subject to a
different management scheme than native fauna. For
instance, whereas non-native species may be sub-
ject to eradication programs locally (e.g., [35, 39]),
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other means of reducing the negative impacts caused
by carnivores of conservation concern are necessary.
If wildlife managers and conservationists, as well as
other people who may interact with large carnivores,
would have accessible knowledge of available inter-
ventions and their effectiveness, then improvement
in the recommendations can be made regarding the
most appropriate interventions and its correct imple-
mentation, leading to a decrease in risky encounters
between people and large carnivores. This is the aim of
the systematic review described in this protocol. The
protocol has been registered in PROCEED (https://
www.proceedevidence.info/site/index) prior to publi-
cation in Environmental Evidence, manuscript number
PROCEED-24-00227.

The review is commissioned by the Wildlife Dam-
age Center at the Swedish University of Agricultural
Sciences and is funded by the EU project LIFE—Wild
Wolf (LIFE21-NAT-IT-LIFE WILD WOLF). SWDC
representatives are engaged in the review work group
and introduced the research question in addition to
determine the scope and focus. As coauthors on the
project, SWDC representatives have worked on devel-
oping the search strategy and search string. Collabora-
tion is continuous throughout every part of the review
process, and feedback provided through written com-
munication alongside multiple workgroup meetings.

Objective of the review
The review seeks to answer the following question:

How effective are evaluated interventions in reducing
the prevalence of large carnivores near humas and/or
attacks on people? (Fig. 1)
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Methods

Searching for articles

Three bibliographic databases will be searched using
the search string in Table A3.1 (supplementary material
3, search string), these are Zoological Record, BIOSIS
Citation Index, and Scopus. Literature searches in bib-
liographical databases are undertaken with the subscrip-
tions of the Swedish University of Agricultural Sciences.
The search string is composed of five search term cat-
egories based on the P-I-C-O (Population, Intervention,
Comparator, Outcome) elements, which are described
in detail under Eligibility Criteria. The different criteria
are target (Population), counteraction (Intervention),
evaluation (Comparator) and species/behavior (Out-
come). Target terms were added by the work group, aim-
ing to capture synonyms to humans and anthropogenic
resources that may attract large carnivores and lead to
human-carnivore interactions. Species terms include
the common names of terrestrial large carnivore species,
i.e., carnivores of>15 kg body mass, [45], and coyotes
which can have a body mass of <15 kg but are known to
sometimes impact human health in part of their range
(e.g., [51]). Behavior and counteraction terms were ini-
tially added by the work group, but additional terms were
added informed by the benchmark articles (Additional
file 2). Evaluation terms were added by the work group
and amended through scoping of benchmark articles.

A topic search (TS=) will be made in Zoological
Record and BIOSIS Citation Index using the Web of
Science search engine (exact search option). The topic
search includes a search of titles and abstracts alongside
other descriptors. Initial scoping searches were under-
taken in Web of Science (all databases) and in Scopus.
A set of twelve benchmark articles (Additional file 2)
were used to evaluate the ability of the search string

Treatment (intervention)

.--= Control (no intervention)

Risk of carnivore attack on people

Risk of carnivore attack on people

Risk of carnivore attack on people

Fig. 1 Causal diagram illustrating how treatment settings are assumed to reduce the risk of carnivore attacks (solid lines) while the risk is assumed

to remain constant in the control settings (dashed lines)
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to return relevant articles from the databases. Seven
benchmark articles were gathered from the research
portal Conservation Evidence (https://www.conservati
onevidence.com/) where actions were searched with
the keywords “attack” and “safety”. Returned references
under the topics “Use non-lethal methods to deter car-
nivores from attacking humans’, “Translocate problem
mammals away from residential areas (e.g. habitu-
ated bears) to reduce human-wildlife conflict’, “Provide
education programmes to improve behaviour towards
mammals and reduce threats’, and “Scare or otherwise
deter mammals from human-occupied areas to reduce
human-wildlife conflict” were screened according to
the review eligibility criteria. The additional five bench-
mark articles were added by the authors.

The benchmark articles informed amendments of the
search string by adding terms to the search categories.
The amended and final search string generated the larg-
est return (11 of 12 benchmark articles) from Zoologi-
cal Record, BIOSIS Citation Index, and Scopus. The
total number of returned titles during scoping searches
were 12,147 in Zoological Record and BIOSIS Citation
Index alone, while including searches in CABI abstracts
and Web of Science Core Collection returned 25,201
titles. We therefore decided that, due to resource con-
straints, the search in Web of Science would be limited
to Zoological Record and BIOSIS Citation Index. Scop-
ing searches in Scopus were limited to relevant topic
searches and returned 5444 titles, including 9 bench-
mark articles. Searches in Scopus were complemen-
tary to the Web of Science searches, despite returning
a smaller number of benchmark articles in total. The
missing benchmark article [37] was unavailable in
all databases subjected to scoping searches. The final
search terms and search strings are shown in Addi-
tional file 3.

To search for grey literature and unpublished stud-
ies, we will search organisational websites and contact
experts within the field to share a request for articles
within their networks. The digital collection of USDA
Wildlife Services (https://nwrc.contentdm.oclc.org/digit
al/collection/NWRCPubs1/search), Norwegian Institute
for Nature Research (NINA, https://www.nina.no/engli
sh/Publications), Wildlife Institute of India (https://wii.
gov.in/) will be searched using population and interven-
tion search terms. Outreach and requests for studies will
be made via colleagues and previous collaborators, and
through contacts in main conservation organizations
(including but not limited to Panthera https://panthera.
org/, African Wildlife Foundation https://www.awf.org/,
Wildlife Conservation Society https://www.wcs.org/,
Wildlife Conservation Network https://wildnet.org/, and
Bear Smart https://www.bearsmart.com/) that focus at
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least in part on mitigation of wildlife conflicts. Requests
for studies may also be posted in relevant social media.

We expect that the search will return a number of prior
review articles, which will not be included in the final set
of studies but will be screened for original research arti-
cles in their references. The reference lists of the final set
of articles will also be screened, as will articles that have
cited included articles, using the citation search in Web
of Science. If the time and budget allow a search update,
an updated search may be performed after the final
screening.

Article screening and study eligibility

Screening process

Titles and abstracts returned from the database searches
will be imported to an online Rayyan (https://www.
rayyan.ai/) account. Approximately 22,000 titles are
expected to be returned from the search in Zoological
Record, BIOSIS Citation Index, and Scopus. Exact dupli-
cates will be automatically removed on the import into
Rayyan. We will then use the “detect duplicates” function
to find further potential duplicates among the titles. All
potential duplicates will be manually screened and veri-
fied duplicates will be removed from the set.

The remaining articles will undergo manual screening
in two steps. First, all returned titles and abstracts will
be screened for including eligible population and inter-
vention. This screening of titles and abstracts will be
undertaken in Rayyan, mainly by one screener. For con-
sistency, a minimum of 5% of the titles/abstracts will be
screened by a second screener, and Cohen’s Kappa will be
calculated. All disagreements will be resolved by discus-
sion. Bibliographic information (title, author, publication
year, journal) of all articles retained for full-text read-
ing (including relevant studies or studies which cannot
be determined as irrelevant because sufficient informa-
tion is missing in the title and abstract) will be recorded
under the “ELIGIBILITY” tab in the supplementary Excel
data sheet (Additional file 4). Irrelevant articles will be
excluded from further analysis.

The second step concerns any publication that is not
excluded in the first screening step, each of which will
be read in full. During the full text reading, publication
eligibility will be determined with regards to inclusion of
a relevant population, intervention, comparator, and out-
come (see eligibility criteria). Eligibility for population,
intervention, comparator, and outcome will be coded
yes/no/unclear in the ELIGIBILITY tab in the datasheet
(Additional file 4). Only articles for which all the eligibil-
ity criteria are met (coded “yes”) will be retained for anal-
ysis and synthesis. Articles for which one or more criteria
are not met (coded “no”) will be excluded. If eligibility is
unclear, for instance because insufficient information is
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provided in the text, the authors of the original article
will be contacted for more information and detail. Any
author communications will be recorded in Additional
file 5. The records (Additional file 5) include informa-
tion about the date, message, and study id-number. For
any publication excluded during eligibility assessment,
extracted bibliographic information will remain in the
datasheet along with the stated reason for exclusion. Any
detected and suspected linkages between articles will
also be noted in the datasheet. Where linkages are not
clear from full text reading, authors of the original arti-
cle will be contacted to confirm or dismiss the link, and
communications recorded in Additional file 5. Data from
linked (or suspectedly linked) articles will be handled
with consideration to overlaps, to avoid double counting,
and linkages will be noted in the ELIGIBILITY data sheet
as well as be reported in the syntheses.

The second step screening, including the main part
of full text reading, will be undertaken by one reviewer.
However, a random sample of at least 5% of the articles
will be screened in parallel by a second reviewer for con-
sistency checking. Consistency will be estimated through
calculation of Cohen’s Kappa coefficient. Where disa-
greements occur, these will be discussed until consensus
is reached. Reviewers who appear as authors of original
papers will not review their own work, nor undertake eli-
gibility assessment and validity judgments of the publica-
tion. In instances where the reviewers are unable to reach
consensus alone, or where reviewers occur as the authors
of a publication, another member of the review team will
be engaged in settling the disagreement or screen the
article. If this is not sufficient, a review panel consisting
of additional researchers are available for consultation.

Eligibility criteria

Articles eligible for inclusion in the analysis will describe
the Population, Intervention, Comparator, and Outcome
(PICO) which have shaped the review research ques-
tion. Eligibility criteria were developed together with the
stakeholders to ensure the relevance for them and their
funders and were evaluated through eligibility screening
of the benchmark articles. Articles included in the review
will report studies with the following elements:

1. Population. People interacting with large carnivores.
In the review context, included large carnivores are
wild animals within the order Carnivora with a body
mass>15 kg that can pose a direct threat to human
safety, and are free-living in the wild (i.e., not cap-
tive or tamed). In addition to species listed by Ripple
et al. [45] we also include coyotes (Canis latrans) as
the species matches the definition within parts of the
range.
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2. Intervention. Any method, action, or technol-
ogy implemented to reduce the likelihood of risky
encounters between large carnivores and people, or
attacks from large carnivores on people.

3. Comparator.  Intervention/control  comparison
where at least one treatment (exposure to focal inter-
vention) setting is compared to at least one control
(no exposure to focal intervention) setting. If addi-
tional interventions are undertaken in the control
setting these must also be undertaken alongside the
focal intervention in the treatment setting, to meet
the criteria.

4. Outcome. Quantitative measures and compari-
sons of the prevalence of large carnivores in or near
human settlement, the occurrence/intensity of close
encounters between large carnivores and people,
changes in flight initiation distance of carnivores
before/after treatment, or attacks on people, in the
treatment and control settings (i.e., evaluations of
intervention effectiveness).

Because of the language limitations of the review
team, included articles must be written in English, Span-
ish, or Swedish. Only original studies will be eligible for
inclusion whether published as scientific articles, books
chapters, proceeding etc. A list of all articles excluded at
full-text reading, and the reason for their exclusion, will
be provided.

Study validity assessment

Critical appraisal of study validity in the included stud-
ies will be undertaken by two reviewers, using the Col-
laboration for Environmental Evidence Critical Appraisal
Tool prototype version 0.3, which is specifically devel-
oped for critical appraisal of studies within environmen-
tal research [31]. Disagreements about judgments will
be discussed until consensus is reached, or else a third
reviewer will be invited to perform an additional critical
appraisal of the study and settle the disagreement. Risk of
compromised internal validity in the included studies will
be appraised according to the tool’s seven criteria: 1. risk
of confounding biases, 2. risk of post-intervention selec-
tion biases, 3. risk of misclassified comparison biases
(observational studies only), 4. risk of performance biases
(experimental studies only), 5. risk of detection biases, 6.
risk of outcome reporting biases, and 7. risk of outcome
assessment biases [31]. Potential confounding factors can
obscure the effectiveness, or ineffectiveness, of an inter-
vention (Fig. 2) if differences occur between treatment
and control settings. Examples of confounding factors
may be the presence/absence of domestic animals near
people or people’s homes, human behavior, proximity to
natural habitat, the contextual motivation of carnivores
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Confounding factors
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Fig. 2 Causal diagram illustrating how confounding factors (dashed lines) could interfere with the assumed causal relationship

between intervention and outcome (solid line) and complicate the interpretation of measured outcomes. Scenario A describes how confounding
factors in the treatment setting have increased the risk of carnivore attack, and even if the intervention reduces the risk this effect

of the intervention is obscured. Scenario B describes how confounding factors in the treatment setting have reduced the risk of carnivore attack
prior to implementation of the intervention, and the ineffectiveness of the intervention to further reduce the risk is obscured

to attack people (e.g., level of starvation behind predation
motivation, importance of resource behind defense moti-
vation, human provocation), or behavioral differences
between carnivores (e.g., varying sensitization or habitu-
ation to human presence as a consequence of prior treat-
ment etc.). Records of judgments for each of the included
studies, with responses to each of the tool’s questions,
will be listed in a decisions sheet and the overall bias
judgements included in the data sheet (Additional file 4).
In the syntheses the judgements will be presented in a
table along with concise textual judgement justifications.

Data coding and extraction strategy

All records of data coding and extraction are docu-
mented in a purposely developed data sheet (Additional
file 4), based on a data sheet used in a parallel review
conducted by an overlapping review team [23]. A pilot
test of data extraction in the data sheet was conducted
by two reviewers using benchmark articles. Additional
file 4 includes several tabs. Data extraction is under-
taken under the tab ANALYSIS, where data is linked to
the original article through a study id provided by the
reviewers, and which is identical to the study id under the
ELIGIBILITY tab. A detailed description for data extrac-
tion is provided under the tab “CODING INSTRUC-
TION”. Extracted data include records of study context
e.g., geographic location, large carnivore species, and
intervention type and specifics etc.), experiment detail
(e.g., duration of study, statistical unit etc.), and effect
estimates (e.g., sample size, effect measures). Some stud-
ies are expected to report their results in figures rather
than providing exact numbers for measured effects,

and in these cases the online tool PlotDigitizer (https://
plotdigitizer.com/app) will be employed to extract val-
ues. Two reviewers will extract values using the tool, and
potential challenges of using the software will be con-
sider, to enhance the accuracy of value extraction [4]. It
is also expected that studies can lack sufficient reports
of effect measures. In this instance, the authors of the
original article will be contacted by the review team
with a request for data. Communications are recorded in
Additional file 5. If authors do not respond, or if they are
unable to share the missing data with the review team,
the study will be removed from further analysis, and the
reason will be stated in the data extraction sheet. This
file and the extracted data file, in machine-readable and
human-readable formats, will be made available on publi-
cation of the final review report.

Potential effect modifiers/reasons for heterogeneity

Heterogeneity is expected among studies, both due to
variation in research designs, but also through contex-
tual effect modifiers. Representatives of the SWDC were
consulted, in their role as stakeholders and experts on
the topic, to list potential sources of heterogeneity. First,
it is expected that, even though large carnivores share
certain traits (such as their diet) between species, some
species-specific traits (including a diversity of behavioral
or physical adaptations) will occur. As an example, a pre-
vious review of interventions intended to prevent attacks
on livestock differences in intervention effectiveness
between carnivores that dig (into enclosures) compared
to those that climb [21]. During the analysis care will also
be taken with regards to the object subjected to carnivore
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attacks, e.g., trash vs. humans, as these targets could rep-
resent different situations to large carnivores.

Intervention effect may also vary with discrepancies in
their implementation or maintenance [24]. Within inter-
vention categories we may also expect different types and
designs between studies, i.e., different types of fencing or
scaring approaches [21]. Potential heterogeneity stem-
ming from discrepancies in intervention implementa-
tion and design, will be considered in the analysis and
discussed in the final report. Finally, various biologi-
cal factors (e.g., gender, age, or reproductive status) and
behavior of individual animals could also be expected
effect modifiers, but these are difficult to identify in the
review analysis. Nevertheless, the potential influence
of individual states and traits may be discussed in the
review report.

Data synthesis and presentation

Review outcomes will be synthesized in a narrative,
and if possible, a quantitative synthesis. Extracted and
coded data will be made available in machine-readable
and human-readable formats on publication of the final
review. The narrative synthesis will provide reference to
all included articles, and describe in text the carnivore
population (species, location), context (target object,
intervention model), as well as the design and reported
results of each study. Narrative presentations will be
made based on the intervention category specified in
the data extraction sheet. Visualization of the review
outcomes will also be made through a diagram of inter-
vention effect in each original study, and a map may be
provided over the geographical distribution of studies,
providing reference to the original studies, focal species,
and intervention category.

The quantitative synthesis will include a summary
statistic, preferably logarithmic risk ratio, calculated
for each original study. The risk ratio will be calculated
as the ratio of the probability of attacks on humans
(alternatively carnivore intrusion to settlements or
other areas with high risk of encounters) between the
treatment and the control setting. It is likely that some
studies report dichotomous outcomes while others
report continuous outcomes in their results. By recal-
culating the outcomes as risk ratios, it will be possible
to compare the outcomes of different studies. If stud-
ies are reporting outcomes as count data, this will be
dichotomised prior to the risk ratio calculation. The
drawback of using risk rations is that when original
studies report continuous outcomes, the conversion
to a relative measure (such as the risk ratio) implies a
loss of information [15]. To minimize this drawback in
the review, we will additionally calculate a standardized
mean difference for comparisons between such studies.
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Provided that enough data is available and that it com-
plies with its assumptions, a meta-regression analysis
will be undertaken using metafor package in R [50]. In
the case that meta-regression is not possible, original
studies will be grouped according to similarities (e.g.,
intervention category) and the summary statistics pre-
sented jointly in tables and figures. A forest plot will
be created to visualize study outcomes, as well as judg-
ments of critical appraisal [15].

To identify potential publication bias, a funnel plot
where, for each study, the effect measure plotted against
the standard error of the effect measure. Provided that
grey literature is obtained during the review, the out-
comes of these studies may be analyzed in contrast to
the scientifically published studies and using the Egger
test [20], asymmetry may be detected. Possible causes
of the asymmetry and potential publication bias will be
discussed [41].
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