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Abstract

Wild boars cause significant damage to agricultural fields and grasslands, leading to millions of Euros in losses each
year. Because no existing review or bibliometric study on this topic was found, we conducted this analysis using the
Web of Science Core Collection tools, along with VOSviewer, Excel, and Geochart. A total of 197 articles were
examined, covering 40 scientific fields, with the most represented being Environmental Sciences-Ecology, Zoology,
Agriculture, Veterinary Sciences, and Biodiversity Conservation. The number of publications has grown exponentially
since 1978. Authors from 50 countries contributed, primarily from the USA, Japan, and Poland, with affiliations mainly
at the United States Department of Agriculture, Consejo Superior de Investigaciones Cientificas, and Colorado State
University. Among the 124 journals, the most frequent articles on this topic are European Journal of Wildlife Research,
Animals, and Plos one. Common key words include “wild boar”, “crop damage”, “diet”, “patterns”, and
“management”. This analysis is essential for highlighting developments and trends in the field, creating a valuable
database for current and future researchers, as this topic will continue to be highly relevant.

Key words: articles, bibliometric review, key words, VOSviewer, wild boar.

INTRODUCTION al.,, 2013; Bobek et al., 2017), Luxembourg
(Schley and Roper, 2003), Italy (Cappa et al.,
The wild boar (Sus scrofa), native to Eurasia ~ 2021), Turkey (Ucarli, 2011), and Korea (Lee
and North Africa, consists of 16 subspecies and etal., 2018).
is commonly found in deciduous and mixed  Factors influencing crop damage by wild boars
forests, with oak and beech woodlands being  primarily relate to human activities and field
particularly suitable habitats. characteristics (Cappa et al., 2021). Affected
One of the most pressing issues regarding wild areas typically feature more permanent crops,
boars is the extensive damage they cause to  fewer woodlands, maquis, and urban regions,
agricultural fields and grasslands, resulting in  and are situated closer to shelters like forests
millions of Euros in losses annually (Amici et and shrublands (Lombardini et al., 2017; Plesca
al., 2012). Research has indicated several et al.,, 2022). Damage levels were positively
environmental factors influencing crop damage  associated with the farmland-forest boundary
by wild boars, including the "edge effect" near ~ and the presence of deciduous forests
forests (Thurfjell et al., 2009). Other studies (Frackowiak et al., 2013; Dincd et al., 2018).
highlight that crops are more vulnerable to boar ~ Additionally, crop damage is influenced by the
damage based on factors like their stage of  composition of the crops themselves (Tudor et
growth and the size of the cultivated area  al., 2020; Piekarczyk et al., 2021).
(Schley et al., 2008) or the nocturnal habits of  Publishing scientific studies is one of the most
the species (Keuling et al., 2009). The  effective ways to share knowledge gained
destruction of crops can be particularly severe, through research. The visibility of these
leading to substantial financial losses across  publications  benefits  researchers, their
various European nations, such as Croatia affiliated institutions, and the organisations
(Novosel et al., 2012), Poland (Frackowiak et funding the research (Santillin-Fernandez et
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al., 2023). The rise in scientific production over
recent decades, along with indexing in
automated  bibliographic  databases, has
amplified the use of bibliometrics, likely
because  bibliometric  analysis  generates
indicators that measure outcomes of scientific
and technological efforts (Allen et al., 2019;
Pileliené et al., 2022; Alsharif et al., 2021).

Bibliometric studies on published articles make

it possible to generate indicators and
mathematical models to analyse the
development and trends in publication

frequency and quality (Malesios & Arabatzis,
2012; Alsharif et al., 2022).

Numerous articles have been published
regarding wildboar (Posan et al., 2021; Cocor
et al., 2022; Tanchev and Balieva, 2023), as
well as the environment one (Tarkowski, 2007;
Xie et al., 2008; Sun et al., 2012; Huang et al.,
2023; Timis-Gansac et al., 2025).

This study aims to conduct a comprehensive
bibliometric analysis of the scientific literature
concerning the wild boar (Sus scrofa). The
primary research question guiding this review
is: What are the major trends, thematic focuses,
and geographical patterns in  wild boar
research over the past decades? In addressing
this question, we seek to uncover emerging
topics, identify underexplored or neglected
arcas, and assess the evolution of research
interests in the field. This includes examining
publication output, key contributing countries
and institutions, co-authorship networks, and
thematic clusters derived from keyword and
citation analyses.

A bibliometric review of wild boar-related
literature is timely and important due to the
increasing ecological, agricultural, and socio-
political relevance of this species. Wild boar
populations have expanded significantly in
many parts of the world, leading to challenges
such as crop damage, disease transmission, and
human-wildlife conflicts. As such, synthesizing
existing scientific knowledge can inform future
research directions, support the development of
evidence-based management and conservation
policies, and highlight geographic or thematic
areas that may be underrepresented in the
current literature. Additionally, by identifying

the most influential publications and
collaboration patterns, this review offers
valuable insights for researchers and
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policymakers alike to better coordinate efforts
in addressing wild boar-related issues.

MATERIALS AND METHODS

A bibliometric analysis was conducted to
assess the global research output related to wild
boar damages from 1978 to 2023. The
evaluation used the Science Citation Index
Expanded (SCI-Expanded) within the Web of
Science database, identifying 208 relevant
publications. The database was searched using
the phrase "wild boar damages" to gather
research articles from 1996 onward. The
analysis centred on ten key aspects: (1)
publication types, (2) scientific disciplines, (3)
publication timelines, (4) contributing authors,
(5) countries of origin, (6) affiliated
institutions, (7) language of publication, (8)
journals, (9) publishers, and (10) key terms.
Data processing involved the use of Web of
Science Core Collection tools, Excel, Geochart
and VOSviewer version 1.6.20, which enabled
the creation of visualisation maps and cluster
analyses. Only peer-reviewed articles and
reviews were included in this study.

RESULTS AND DISCUSSIONS

Publications related to this topic are rather
numerous: 208 publications until and including
the year 2023. Their distribution is as follows:
185 articles (89% of total publications), 12
review articles (6%), 9 proceeding papers (4%),
and 2 book chapters (1%) (Figure 1).
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Figure 1. Distribution of the main types of publications
used in the bibliometric analysis (source: original)

The review articles refer to wild boar as a
useful species (Rekiel et al.,, 2024), to the



stabilisation of his population (Kamler &
Drimaj, 2021), as well as to its impact on the
ecosystem (Barrios-Garcia & Ballari, 2012), or
on agricultural crops (Schley & Roper, 2003).

We have inventoried 40 scientific fields in
which we can frame the articles published on
this  topic. Among these, the most
representative are: Environmental Sciences
Ecology (79 articles), Zoology (61 articles),
Agriculture (31 articles), Veterinary Sciences
(30 articles), Biodiversity Conservation (26
articles) and Forestry (13 articles) (Figure 2).
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Figure 2. Distribution of the main 10 scientific fields of
publications used in the bibliometric analysis (source:
original)

The first article on this subject was published in
1978 in a renowned scientific magazine. Starting
with 2012, the number of articles has increased
significantly, reaching a maximum of 19
articles in 2023 (with even more articles been
published until now in 2024-2025) (Figure 3).
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Figure 3. Distribution of articles published per year
(source: original)

Over 200 authors have been identified as
publishing at least one article on this topic.

Two authors are by far in the top of this
classification: Kurt VerCauteren (11 articles)
and Natan Snow (8 articles), followed by two
authors with 4 published articles each: Takeshi
Honda and Joaquin Vicente.

A total of 50 countries from 5 continents have
been inventoried as belonging to authors who
published articles on this subject (figure 4). The
most represented countries are the USA (36
articles), Japan and Poland (with 20 articles
each), Spain (18 articles), Germany (17 articles),
Italy and China (with 15 articles each).

1 - 6

Figure 4. Geography of the use of the damages caused
by wild boars in published articles (source: original,
using Google chart, 2024)

The countries from where we have authors who
published articles on this topic can be grouped
in 4 clusters: the first cluster is comprised of
Germany, Belgium, Switzerland and Sweden;
the second: Spain, Norway, Croatia, Portugsl
and Hungary; the third: USA, China and
Argentina; the fourth: France, South Korea,
Nepla and India (Figure 5).

Over 200 institutions that belong to the authors
who have published such studies were
inventoried. The most representative ones are:
United State Department of Agriculture (17
articles), Consejo Superior delnvestigaciones
Cientificas (10 articles), Colorado State
University and Instituto de Investigacion en
Recursos Cinegeticos (with 7 articles each) and
Universidad de Castilla La Mancha and
University of Veterinary Medicine Hannover
(with 6 articles each).

The majority of articles are written in English
(188 articles), followed by other 6 languages:
German (6 articles), Polish (4 articles), Czech
(2 articles), French, Portuguese and Slovak
(each with one article).
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The articles published on this topic can be
found in 124 magazines. Grouping these
publications on the number of articles is led by
the European journal of wildlife research (11
articles), Animals and Plos one (each with 7
articles). However, based on the total link
strength, the grouping is led by Biological
invasions, Journal of wildlife management and
European journal of wildlife research (Table 1).
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Figure 5. Countries with authors of articles
on the damages caused by wild boars
(source: original, using VOS Viewer, 2024)

Table 1. The most representative journals where articles
about the damages caused by wild boars have been

cluster): Cluster 1: International journal of
wildlife research + International journal of
paste management + Journal of wildlife mana-
gement + Mammalian biology + Pest mana-
gement science + Wildlife biology; Cluster 2:
Biological invasions + Ecological indicators +
Plos one + Transboundary and emerging
diseases + Wildlife research; Cluster 3: Acta
theriologica + Agriculture + Animals + Crop
protection + Environmental conservation,
(Figure 6).
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Figure 6. Main journals where articles on the damages
caused by wild boars have been published (source:
original, using VOS Viewer, 2024)

The most representative publishers are Springer
Nature (36 articles), Elsevier (30 articles),
Wiley (26 articles) and MDPI (17 articles).

The most used keywords are wild boar, sus
scrofa, crop damage, diet, patterns and
management (Table 2).

published
Crt. Journal Documents| Citations| Total link Table 2. The most commonly used keywords in articles
No. strength about the damages caused by wild boars
1 |Biological invasions 5 559 45
2 |Journal of wildlife 5 201 36 Crt. Keyword Occurrences | Total link
management No. strength
3 |European journal of 11 311 34 1 | Sus scrofa 53 223
wildlife research 2 | wild boar 67 202
4 | Crop protection 5 96 30 3 [ crop damage 41 178
5 |Mammal .revielw 2 436 30 4 | diet 31 165
6 | Acta theriologica i 2 152 17 5 | patterns 30 157
7 Peist management science| 4 95 17 6 | management 30 146
8 | Science of the Total 6 196 15 -
Environment 7 | impact 24 121
9 [Animals 7 26 14 8 | damage 28 112
10 [Sylwan > 13 14 9 [ selection _ i 17 89
11 | Agriculture 4 13 13 10 | human-wildlife conflict 17 80
12 |International journal of 2 41 13 11| population 18 78
paste management 12 | wildlife management 13 70
13 |Mammal study 5 104 13 13 | predation 14 62
14 |Plos one 7 183 12 14 | density 11 61
15 | Wildlife research 4 47 10 15 | feral pigs 13 60
16 | range 11 60
The publications can be grouped in 3 clusters L e e 10 2
. p A . g X p X 18 | conservation 18 57
(with a participation of minimum 5 articles per 19 | forest 14 56
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The key words can be grouped in 4 clusters,
with two of them having 11 words each. The
first cluster: consumption, diet, feral swine,
habitat, impacts, infection, invasive species,
pigs, selection, sus scrofa and sus-scrofa; the
second one: boar-sus scrofa, crop damage, feral
pigs, habitat use, national-park, patterns,
population, range, red deer, roe deer and wild
boar (Figure 7).
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Figure 7. Authors’ keywords regarding the damages
caused by wild boars (source: original, using VOS
Viewer, 2024)

During 2016-2017, authors used keywords such
as population, food, hunting, red deer and roe
deer; while during 2018-2019 they keywords
were invasive species, habitat, wild boar, sus
scrofa; and in 2020-2021 the main keywords
were conservation, impact, space use (Figure 8).
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damages caused by wild boars (source: original, using
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The bibliometric analysis reveals a substantial
and growing body of research on wild boar-
related issues. However, a deeper interpretation
of the findings suggests several notable patterns
and underlying implications as follows.

The dominance of publications from Europe,
the USA, and Japan points to a regional
concentration of research efforts, which may be
reflective of stronger funding systems, better
research  infrastructure, or more acute
management challenges in these areas.
Conversely, the relative absence of research
from biodiversity-rich but underfunded regions
suggests a geographic bias. This
underrepresentation may result in knowledge
gaps about wild boar behaviour, damage, and
management needs in ecologically and
socioeconomically diverse contexts.

The most frequent keywords - such as “wild
boar”,  “crop  damage”, “diet”, and
“management” - indicate a focus primarily on
ecological and agricultural impacts. While
these are indeed critical areas, other relevant

dimensions, such as the socio-political
implications of wild boar proliferation,
indigenous knowledge systems, and
community-based conflict mitigation, are

largely absent. This thematic skewness could
lead to a narrow understanding of the broader
implications of wild boar interactions with
human systems.

A small number of institutions (e.g., USDA,
Consejo Superior de  Investigaciones
Cientificas) and  authors (e.g., Kurt
VerCauteren, Natan Snow) disproportionately
contribute to the literature. While this signals
expertise consolidation, it also raises concerns
about potential research silos and limited
diversity in research perspectives. Encouraging
broader collaboration across institutions and
disciplines could enhance the innovation and
applicability of research outcomes.

The heavy focus on biological and ecological
dimensions, with relatively fewer studies
assessing policy efficacy or management
interventions, implies a gap between research
production and practical implementation. This
lack of applied focus may limit the usability of
findings by policymakers, land managers, and
local communities, especially in developing
contexts where the burden of wild boar
damages may be increasing.



These observations underscore the need for a
more balanced, inclusive, and application-
oriented research agenda that aligns with global
biodiversity conservation goals and sustainable
agricultural development.

The findings of this bibliometric review reveal
several underexplored areas and potential
directions for future investigations in the field
of wild boar research. Although studies have
been conducted in over 50 countries, there is a
notable concentration of publications from
Europe, the USA, and Japan. There is limited
representation from regions such as Africa,
Southeast Asia, and South America, despite
evidence of wild boar presence and impact in
these areas. Future research should address
these geographic imbalances by promoting
studies in underrepresented countries and
ecosystems.

While crop damage and economic losses are
frequently studied, fewer publications offer in-
depth analyses of prevention or mitigation
strategies (e.g., fencing, deterrents, community-
based approaches). Further studies evaluating
the effectiveness, cost-efficiency, and social
acceptability of such methods would be
valuable.

Most existing research is framed within
ecology, agriculture, and veterinary sciences.
There is a need for more interdisciplinary
studies incorporating socio-economic,
behavioural, and policy perspectives to develop
integrated management strategies.

Emerging technologies such as drone
surveillance, GPS tracking, and machine
learning offer new opportunities for monitoring
wild boar behaviour and damage patterns.
Research exploring these tools could enhance
management precision and reduce human-
wildlife conflict.

By addressing these research gaps, future work
can contribute to a more comprehensive and
globally relevant understanding of wild boar
ecology and management.

CONCLUSIONS

The bibliometric analysis realised on 197
articles published in renowned publications
regarding the damages caused by wild boars
has demonstrated that the number of these
articles increases from year to year. Up until
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now, articles were published in 124 journals
(the most being published in European Journal
of Wildlife Research, Animals, and Plos one),
by authors from 50 countries (with the most
representative being USA, Japan, and Poland),
affiliated to more institutions (mainly at the
United States Department of Agriculture,
Consejo Superior de Investigaciones
Cientificas, and Colorado State University),
covering almost all scientific domains (the
most representative ones being Environmental
Sciences-Ecology,  Zoology,  Agriculture,
Veterinary ~ Sciences, and  Biodiversity
Conservation. The most used keywords were
wild boar, crop damage, diet, patterns and
management.
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