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Northern Hemisphere, wildlife management among the most endangered due to human activities. In this context, beavers
represent a nature-based solutions to preserve and repair freshwater ecosystem,
given their important role as ecosystem engineers. However, in an environ-
ment modified by humans, beaver activities frequently create conflicts masking
the positive effects of this rodent. Therefore, the management of beaver
populations and human-beaver conflicts is needed.
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doi: 10.1111/mam. 12338 2. This article investigates the literature about beaver management through a
bibliometric analysis to understand past, current, and future response. Moreover,
it quantifies the number of studies that consider beavers as a resource, and
it identifies the emerging themes in the field.

3. The bibliometric analysis was performed considering a total of 415 documents
with the software VOSviewer and the R web interface for bibliometrix
Biblioshiny.

4. The analysis presented here provides a complete view of past, present, and
future management approaches and responses at the base of beaver manage-
ment strategies. Three main results emerged. Firstly, a rising tendency in the
number of publications about beavers that are directly linked to the popula-
tions development and spread has detected. Secondly, only 4.3% of scientific
literature has referred to beaver-related restoration. Thirdly, the ‘human per-
ceptions’ has resulted in the emerging field investigated.

5. Findings suggest that there is a lot of research interest about beaver management.
The beaver is still poorly managed as a tool for freshwater ecosystem restoration.
The management is shifting from studies focused more so on beaver ecology to
others mainly focused on the beaver effects and the human dimension.

6. This review provides a starting point for future research on beavers and
suggests the development of socio-ecological management models that consider
benefits and impacts of beavers. This will help the decision-making process
of conservation and restoration initiatives.

INTRODUCTION

Freshwater ecosystems are among the most biodiverse
habitats on Earth, but they are increasingly affected by
human activities (Reid et al. 2019, Su et al. 2021). Climate
change, overexploitation of resources, habitat fragmenta-
tion, pollution, and the introduction of alien species are

the main drivers of biodiversity loss (Committee on the
Environment Public Health and Food Safety 2021). To
ensure ecosystem protection, it is necessary to address
drivers of change by embracing environmental protection
strategies that work with nature and prioritise its conser-
vation (IUCN 2019, Committee on the Environment Public
Health and Food Safety 2021).
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In this context, beavers represent a nature-based solution
(Brown et al. 2018, Puttock et al. 2018), that is, a solution
inspired and supported by nature to address socio-
environmental challenges (Cohen-Shacham et al. 2016).
Indeed, they help to maintain regional biodiversity, counter
drivers of change, and restore freshwater ecosystems (Brown
et al. 2018, Brazier et al. 2021, Jordan & Fairfax 2022).
Beavers are rodent semi-aquatic mammals (Castoridae fam-
ily, Castor genus) that play a very important role in nature
as ecosystem engineers. Their behavioural activities (i.e.
cutting trees, building lodges and dams, digging burrows
and channels) deeply transform the environment, and pro-
duce ecosystem, hydraulic, hydrological, climatic, and socio-
economic benefits (Rosell et al. 2005, Rozhkova-Timina
et al. 2018). Moreover, beaver activities provide numerous
ecosystem services and help to build freshwater ecosystem
resilience (Puttock et al. 2018, Brazier et al. 2021, Thompson
et al. 2021). Thus, beavers could have a potential role in
water resource management strategies based on natural
processes (Puttock et al. 2018).

However, beaver activities do not only have positive
impacts in a human-made environment. The interaction
between beavers and human activities often leads to the
insurgence of conflicts (Taylor et al. 2017). Some of the
most common human-beaver conflicts are tree damage,
property flooding, and damage to crops (Campbell-Palmer
et al. 2016, Taylor et al. 2017, Treves et al. 2020). Human—
beaver conflicts needs to prevent, reduce, and manage
because their outbreak affects people’s perception and
response to beaver presence (Taylor et al. 2017), leading
to the point at which beavers are compared to pests (Coz
& Young 2020). This conditioning of people’s perception
influences the positive impacts of beavers and wildlife in
general, and it makes wildlife management more complex
(Bhatia et al. 2020). Wildlife management encloses a wide
range of responses and approaches to prevent or reduce
conflicts in frequency or severity (Nyhus 2016). These
responses can directly target wildlife and its habitat, or
humans and their activities, changing their behaviour.

The study of scientific literature is essential to under-
stand past, current, and future responses and approaches
in beaver management. This article, for the first time,
systematically investigated the state of the art of beaver
management by answering four main questions: ‘What
are the approaches and methods used in beaver manage-
ment?’, ‘What prevailed?” and ‘In which direction is beaver
management heading?’, and ‘How much is the beaver
managed as a resource?’ This investigation: 1) provides
an overview of the existing literature about management
of beavers; 2) highlights key topic and development trends
in the research; and 3) identifies which and how many
studies consider beaver as a restoration tool for freshwater
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ecosystems. The study was conducted through a systematic
review of the literature coupled with a bibliometric analysis.
Data for this study were collected from two major data-
bases of scientific literature and they were investigated
using bibliometric networks based on elements such as
publishing date, co-authorship and country relations,
keywords.

Overall, it was expected from the analysis an increasing
trend in the number of publications about beavers due
to the increase of countries with beaver occurrences, as
well as to the growing interest towards this species due
to recent re-colonisation. In addition, most publications
were supposed to refer to the study of beaver impacts,
management practises, and monitoring with the aim of
managing the human-beaver conflict rather than enhanc-
ing the species. It is therefore hardly that many studies
have used the beaver as a restoration tool for the fresh-
water ecosystem.

MATERIALS AND METHODS

To investigate methods and approach applied in beaver
management, the literature review was performed with
three software: Excel, VOSviewer and Biblioshiny, that is,
the web interface for bibliometrix, according to the fol-
lowing steps.

Step 1 - Keywords identification, search, and
sorting of results

The scientific literature was collected from Scopus and
Web of Science (WoS) datasets until June 2023. The data
were collected by using some selected terms and their
combination as keywords to search documents according
to titles, abstracts, or authors keywords. The selected terms
refer to the species and to models, approaches, or purposes
(Table 1).

Opverall, the total number of documents collected from
Scopus and WoS was 1054 and 776, respectively. These
documents were checked to eliminate out of topic and
duplicate by referring to title and abstract. Moreover,
documents in which beaver is the primary focus of the
study were considered, excluding those relating to Beaver
Dam Analogs (BDAs) and other animals—beavers interac-
tions. Furthermore, documents about beaver in Chile and
Argentina were omitted from the analysis. These documents
deal with management strategies specific for these countries
where the beaver is an alien invasive species (Henn
et al. 2016, Herrera et al. 2020). The total number of
documents (415) selected to implement the bibliometric
analysis is shown in the Table 2, together with the sub-
division of the excluded ones.

214 Mammal Review 54 (2024) 213-228 © 2023 The Authors. Mammal Review published by Mammal Society and John Wiley & Sons Ltd.

85U8017 SUOWILIOD BAITEa1D) 3|qed! [dde sy} Aq peusenob afe sejoe VO ‘@SN J0 S9N 10} A%eiq18ulUQ 48] UO (SUONIPUOD-PpUR-SLUBIAL0D A8 | 1M Afe1q 1 jpUI|UO//:SANY) SUOIIPUOD PUe SWB | 3U1 88S *[7202/60/8T] U0 ARIqiTauluo A8|iM ‘el eueiyo0D AQ 8EEZT WeW/TTTT 0T/I0pAU0d A8 | im Aiq Ul |uo//Sdny Wo.j pepeojumod ‘Z ‘720z ‘206259ET



A. Treves and E. Comino

Step 2 - Implementation of bibliometrics
review on Biblioshiny and VOSviewer

At this point, the bibliometric analysis has been performed
through two software Biblioshiny and VOSviewer. These
software permit to map scientific literature by importing
bibliographic data from several databases. Biblioshiny is a
web app included in the open-source R package biblio-
metrix (Aria & Cuccurullo 2017). This app for no coders
was used to have an overview of data, evaluate annual
scientific production, identify the most relevant sources,
and consider author and country contribution. While
VOSviewer is a software tool for constructing and visualis-
ing bibliometric networks based on citation, co-authorship
relations, keywords, etc. (van Eck & Waltman 2010). This
software was used to analyse the country network and the
co-occurrence of authors’ keywords. All the analysis was
performed separately without merging the metadata of
Scopus and WoS. They were only joined subsequently where
it was possible.

Table 1. Keywords used in the search into Scopus and Web of Science
database

Terms referring to models,

Terms referring to the species approaches, or purposes

Beaver AND  Management

OR OR

Castor fiber Conservation

OR OR

Castor canadensis Restoration

OR OR

Eurasian beaver Reintroduction

OR OR

American beaver Habitat suitability
OR
Model distribution
OR

Species distribution model

Table 2. Total number of documents collected from the two database,
Scopus and Web of Science, obtained after checking

Web of
Scopus  Science

Search results 1054 776
After checking 532 76*
Documents used to implement 389 26

bibliometric analysis
BDAs 23 7
Beaver as invasive species 56 2
Other animals—beaver interference 64 4

*This number was obtained by excluding documents already present in

Scopus, out of topic, and duplicated.

Literature review in beaver management

Step 3 - Classification of documents on Excel

After the bibliometric analysis, the documents were or-
ganised according to subject, that is, Eurasian beaver,
American beaver, or both, and categorised based on type
of approaches used in beaver management. Specifically,
the documents were categorised according to title, abstract,
and author keywords.

RESULTS AND DISCUSSIONS

The bibliometric analysis gives an overview of documents
collected. The documents refer to a time span of 44 years.
This time span corresponds to the period in which beavers
re-expanded their ranges as a result of protection, natural
spread, reintroductions (Halley & Rosell 2002), and lately
unofficial releases (Dewas et al. 2012, Crowley et al. 2017,
Pucci et al. 2021, Burén et al. 2023, Viviano et al. 2023).
Moreover, the huge number of publications in the last
years reveals an increased interest in the research about
beaver and its management.

The first two papers were written in 1979 by Lochmiller
and Zurowski. One paper deal with economic potential
return of beaver ponds link to proper management
(Lochmiller 1979), while the other focus on the preliminary
results of beaver reintroduction in Vistula River, Poland
(Zurowski 1979). In order to highlight the trend of pub-
lications over time, the graph of the annual scientific
production was created (Fig. 1). Specifically, the graph
shows a linear growth trend in the number of publica-
tions per year from 1979 to June 2023 for both databases
and their sum. Furthermore, a maximum productivity was
observed for the year 2022 with 37 publications.

Subsequently, the type of documents, sources, and au-
thors’ contribution were analysed. Overall, article and
review published in peer-reviewed journals are the main
document type observed. The documents are published
on 220 different sources that mostly deal with manage-
ment, biology, and conservation. The three sources that
publish the most about beavers are Mammal Review, Journal
of Wildlife Management, and European Journal of Wildlife
Research (Fig. 2). This analysis gives an initial idea of
purposes of collected studies.

Authors contribution and country production

Regarding the contribution of the authors, Rosell F.,
Campbell-Palmer R. and Hood G.A. results the authors
who have contributed the most in the context of beaver.
This result is linked to the calculation of fractional fre-
quency that considers a uniformly contribute of co-authors
to a document (Fig. 3). Fractional frequency is calculated
as the ratio between the number of authored documents
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Fig. 1. Annual scientific production obtained with Biblioshiny and then elaborated with Excel to merge metadata of Scopus (dark blue) and WoS (light
blue). The orange line shows the metadata merging, while the dashed red line highlights the increasing trend of documents number production. The

year 2023 considers documents until June.

MAMMAL REVIEW

JOURNAL OF WILDLIFE MANAGEMENT

EUROPEAN JOURNAL OF WILDLIFE RESEARCH

Sources

FRESHWATER BIOLOGY

PLOS ONE

Number of documents
6 8 10 12 14 16

Fig. 2. Top five relevant sources based on number of documents collected from Scopus and Web of Science database until June 2023.

and the number of co-authors. It quantifies the individual
author’s contribution to a set of documents.

Then, the country production was analysed by consider-
ing corresponding author’s country with the aim to un-
derstand which country contribute more to the scientific

literature about beaver management topic. Overall, it stands
out that the United States, the United Kingdom, and
Canada are the countries with major production. Moreover,
the United States have the largest production and the
largest number of documents featuring a co-author from
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Fig. 3. Top 20 relevant authors (left) and corresponding authors’ country (right). Top 20 relevant authors are determined based on fractional frequency.
While corresponding authors’ country is evaluated considering Single Country Publication (SCP) and Multiple Country Publication (MCP). The rate of
MCP (light blue) and SCP (dark blue) represents the intensity of international collaboration.
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Fig. 4. Co-authorship network map of countries obtained with VOSviewer with Scopus data. The circle size is related to the weight based on total link
strength, while the line thickness represents the strength of the link. Moreover, the colour identifies four clusters of countries that cooperate.

another country. These findings seem to be due to the
country extension and the presence of the beaver in terms
of timing and population size. However, this explanation
is not enough to justify the result obtained. The result
might be even linked to the growing interest towards
beaver management as consequences of re-colonisation
and rewilding movement, human perceptions, and related
ecosystem restoration measures. The latter yet widely ap-
plied in the United States and Canada.

Further analysis show that, in the top 20 countries,
Norway has the higher intensity of international collabora-
tion due to the rate between Multiple Country Publication
and Single Country Publication. Germany and the United
Kingdom follow it. This finding is supported by the

co-authorship network map (Fig. 4). This map was ob-
tained through VOSviewer and shows 19 countries that
collaborate each other, considering at least five publications
for each country. It subdivides countries into four clusters
identified by four colours (i.e. red, yellow, blue, and green)
and highlights that developed cooperation arise mostly
between neighbouring countries.

Authors’ keywords and co-occurrence
analysis

The analysis of authors” keywords provides a clearer snap-
shot of topic literature. Specifically, the co-occurrence
analysis is one of the most effective to discover trends

Mammal Review 54 (2024) 213-228 © 2023 The Authors. Mammal Review published by Mammal Society and John Wiley & Sons Ltd. 217

85U8017 SUOWILIOD BAITEa1D) 3|qed! [dde sy} Aq peusenob afe sejoe VO ‘@SN J0 S9N 10} A%eiq18ulUQ 48] UO (SUONIPUOD-PpUR-SLUBIAL0D A8 | 1M Afe1q 1 jpUI|UO//:SANY) SUOIIPUOD PUe SWB | 3U1 88S *[7202/60/8T] U0 ARIqiTauluo A8|iM ‘el eueiyo0D AQ 8EEZT WeW/TTTT 0T/I0pAU0d A8 | im Aiq Ul |uo//Sdny Wo.j pepeojumod ‘Z ‘720z ‘206259ET



Literature review in beaver management

and emerging research streams creating a thematic map
and a temporal map (Fig. 5). The thematic map permit
to cluster author keywords by topic based on links. The
temporal map refers to same keywords and connection,
but underscore their used over time.

Overall, three interconnected clusters are identified. They
refer to three main topics: the reintroductions, the fresh-
water restoration, and the role of beavers as ecosystem
engineer. The first encloses publications about beaver
management, human dimensions, population distribution,
and dynamics. The second one concerns studies about
beaver dam presence, effects on riparian habitat, and hy-
draulic and hydrological sphere. The last covers issues
related to biodiversity and conservation.

The temporal map shows when a substantial research
interest for the several issues has indicatively started to
emerge. Specifically, it would seem that earlier research has
focused more on population distribution and dynamics,
while only later there was an interest on restoration links
to beaver dams and on the figure of the beaver as an
ecosystem engineer. The thematic of beaver as ecosystem
engineer has developed since 2018 and seems to be growing
within the scientific literature as well as hydrology thematic.
Perhaps, the most significant findings are two emerging
themes: human dimensions and perceptions. These themes
have developed since 2020 and results strongly linked to
reintroduction and management issues. This interesting result
may reflect the recent tendency to undertaken policies and
management approaches actively involving citizen.

Target subject

The main subject of beaver existing literature was investi-
gated through the analysis of metadata. There was a clear
partition of the studies according to the target subject:
Eurasian beaver, American beaver, or both species (Fig. 6).
The term ‘both’ refers to documents about review of beavers
effects or case studies of areas where both species are

wanslacation
(a) wetland

beavggdam
hycroiogy distrigution populatiofidynamics
ripariahabitat
rest@tion

ecosyste engineer

mangggment

reinu*tion
abenykcies
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keystonespecies

perception

biodiversity

consagvation
faciiation

genetic diversity.

é‘h VOSviewer
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present. Moreover, when the species could not be identified
on the basis of the information contained in the metadata
(i.e. title, abstract, and keywords), the subject of the docu-
ment was identified as ‘not clearly identifiable’.

The subject target of collected studies is mostly Eurasian
beaver (49%), but also for the American beaver there is
a considerable number of documents (39%). Although
the first publications are from the United States and the
countries that contribute most to the scientific literature
of this field present in their territories Castor canadensis
or American beaver, this finding reveal more studies fo-
cusing on the Eurasian beaver. This is probably linked to
the fact that the third country that contributes the most
is the United Kingdom. This country has produced a lot
of publications in recent years due to large amount of
data collected during the beaver reintroduction trials in
Scotland and England (Crowley et al. 2017, Goodman
et al. 2017, Gaywood 2018, Girling et al. 2019a). This
increasing trend in publications focusing on Eurasian beaver
is confirmed in Fig. 6.

Categorisation of responses and approaches
in beaver management

The last step of the literature review provides a catego-
risation of collected documents based on title, abstract,
and keywords. This categorisation highlights management
approaches and response applied in the context of beaver.
Concerning the thematic addressed in the 415 selected
studies, 10 methodological categories resulted from the
analysis: 1) beaver-related restoration; 2) biopolitics; 3)
effects of beavers; 4) genetic conservation; 5) habitat suit-
ability; 6) health surveillance and management; 7) human
perceptions; 8) monitoring behaviour and demography;
9) population dynamic and distribution; 10) practical
management measures. These categories are briefly de-
scribed and exemplified next, while Fig. 7 shows the per-
centage of studies falling into each category.

(b) et

beaver dam
hydrology & ‘
distrigiution Populatiofjdynamics

ripariaijhabitat
restoration

management

reintwaion
siensoecies

ecosystem engineer

keystone species

biodiversity

Emerging themes

consegyation
faciltation

Py eneticivrsit
£ vosviewer g 2
D 12 2ot 206 2018 200

Fig. 5. Co-occurrence network map of authors’ keywords: (a) the thematic map and (b) the temporal map. The thematic map shows the most used
keywords divided by cluster. The temporal map on the right shows the use of keywords over time, highlighting emerging themes (red box).
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Fig. 6. Target subject investigated in beaver scientific literature: Partition of documents (left) and annual scientific production (right) according to
species, that is, American beaver (green), Eurasian beaver (blue), both species (grey), not clearly identifiable (yellow).
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Fig. 7. Selected documents subdivided in methodological categories. Each column represents a category, and it is partitioned according to the species
analysed by the studies (i.e. ‘Eurasian beaver’ in green, ‘American beaver’ in blue, ‘both’ in grey, and ‘not clearly identifiable’ in yellow). The percentage

above the columns indicates the number of documents concerning a specific topic compared to the total number (415).

BEAVER-RELATED RESTORATION

This category consists of 18 documents regarding ecologi-
cal stream restoration operated by beaver activities and
behaviour. Specifically, these documents present restoration
case studies that use the presence of the beaver and the
effect of their dams for the ecological restoration of entire
areas. They describe the outcome of beaver-related restora-
tion projects at several levels (Pollock et al. 2014,
Holthuijzen 2021, Stevenson et al. 2022) dwelling on chal-
lenges and opportunities (Abrams et al. 2019), also ques-
tioning to ranchers and land managers (Fountain 2014,
Charnley 2019, Charnley et al. 2020).

Most of the studies collected in this category concern a time
span from 2014 to 2022. The two first published papers in
this framework were written in 1983 and 1991. The first con-
cerns a case study that shows of how beavers have influenced
riparian plants and restored aquatic habitat (Apple 1983). The
second one highlights beaver management techniques to enhance
their potential as habitat for waterfowl (Ringelman 1991).

BIOPOLITICS

This category collects 16 documents related to govern-
ance, environmental policy, and legislation. They focus
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on the set of rules and practices adopted by a state to
regulate the biological life of beavers and protect their
populations (Albrecht 2016, Mills 2019). Moreover, they
discuss about models of governance applied to rewild
beavers (Gow 2006, Ward & Prior 2020) and at the
same time restore river (Toérnblom et al. 2011,
Carver 2016). These studies are all post-2006 except one
from 1997, written by Dennis R., who was one of the
leaders of the campaign to reintroduce beavers in Scotland
(Dennis 1997). Instead, the more recent document is
from 2023 and discussed about the use of beaver man-
agement groups as an adaptive process in the United
Kingdom management policies.

Furthermore, the only publication who clearly uses the
term biopolitics was written in 2020 and it argued about
the implementation of governance models in Scotland to
implement beaver rewilding strategies that do or do not
consider animal autonomy (Ward & Prior 2020).

EFFECTS OF BEAVERS

This category consists of 141 documents regarding positive
and negative impacts of beaver. Specifically, they describe
and investigate the effects of beaver activities on ecosystem,
hydraulic and hydrological sphere, climate and socio-
economic sphere, related to specific case study area.
However, several documents on this topic are reviews and
they investigate on a wide scale effects of beaver activities
(Brazier et al. 2021), also on specific compart as biomes
stream conservation (Grudzinski et al. 2022), structure
and function of river corridor (Larsen et al. 2021), lakes
(Bashinskiy =~ 2020), and Dbiodiversity (Stringer &
Gaywood 2016). Another aspect considered in this topic
are ecosystem services offered by beaver and its habitat
that was quantified by Thompson et al. (2021). Finally,
two reviews about beaver effects that also address man-
agement practices to be implemented in response to beaver
impacts are highlighted in this category (Hammerson 1994,
Gibson & Olden 2014).

GENETIC CONSERVATION

This category collects 34 documents related to non-invasive
control and genetic monitoring of the species. They control
genetic structure and variability of population mostly through
DNA-based methods (Fedorca et al. 2021, Iso-Touru
et al. 2021, Munclinger et al. 2022), skeleton (Fandén 2005),
and anal gland secretions (Schulte et al. 1995). The analysis
of anal gland secretions is also used to distinguish the two
species, that is, American and Eurasian beavers (Rosell &
Sun 1999, Rosell et al. 2019, 2020). Furthermore, the genetic
analyses are used to source beaver for successful reintroduc-
tions (Halley 2011, Senn et al. 2014). These types of studies
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are well distributed in time span, with a first publication in
1986 (Heidecke 1986).

HABITAT SUITABILITY

This category consists of 35 documents that applied habitat
suitability model to guide beaver reintroduction, conserva-
tion, and management actions. Specifically, these documents
present the application of different methods and algorithms
to predict the suitability of a location for this rodent
based on its needs and environmental conditions (Maringer
& Slotta-Bachmayr 2006, Francis et al. 2017, Smeraldo
et al. 2017, Swinnen et al. 2017, Dittbrenner et al. 2018,
Stringer et al. 2018, Treves et al. 2020, 2022, Fitch
et al. 2022, Serva et al. 2023). Moreover, habitat suitability
models are used to 1) predict beaver dam occurrences,
better understand dam site characteristics, and evaluate
beaver dam carrying capacity (Macfarlane et al. 2017, Petro
et al. 2018, Graham et al. 2020, Kornse & Wohl 2020,
Scamardo et al. 2022); 2) predict beaver abundance (Beck
et al. 2010, St-Pierre et al. 2017, Thompson et al. 2022);
3) link riparian vegetation and beaver occurrence (Breck
et al. 2012); 4) identify potential threats for the beaver
(Romanowski et al. 2008). Despite the large number of
applications, there are no publications reviewing methods
or algorithms used to assess habitat suitability in the con-
text of beavers.

HEALTH SURVEILLANCE AND MANAGEMENT

This category includes 19 documents referring to health
screen procedure, analysis of parasites, and mortality. In
particular, they report non-invasive analysis (O’Brien
et al. 2018, Benovics et al. 2022, Szekeres et al. 2022)
and analyses of beaver deaths to assess population status
(Stefen 2019, Lazar et al. 2023). Moreover, Girling
et al. (2019b) carried out a disease risk analysis for the
selection and health screening of Eurasian beavers before
their release in Britain.

HUMAN PERCEPTIONS

This category consists of 22 documents concerning the
perception, attitude, and involvement of citizens in beaver
conservation and management. Specifically, these docu-
ments investigate concerns about beavers’ damage, per-
ceived benefits, and interest in a beaver management
programme from citizen and stakeholders. The investiga-
tions are carried out through several different methods
such as interviews (Ulicsni et al. 2020, Yarmey &
Hood 2020, Auster et al. 2021b), survey (McKinstry &
Anderson 1998, Jonker et al. 2009, Siemer et al. 2013,
Auster et al. 2020, 2022a), Q-methodology (Auster et al.
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2021a, 2022b), and mental models (Blewett et al. 2021,
2022). Furthermore, these studies aim to assess citizen
engagement (Jonker et al. 2009, Auster et al. 2021b) and
public-land managers (McKinstry & Anderson 1998) to
address the perception gap and involve stakeholders in
the identification of appropriate management actions for
human-beaver conflicts (Wohl 2015). The documents in
this category are mostly from 2020 to 2023, though the
first article to discuss the need to structure citizen par-
ticipation approaches to address beaver management issue
was written in 1996 by Enck and Brown. Moreover, the
first documents focusing on the topic of human percep-
tions regard American beaver (Castor canadensis), while
the most recent ones refer to Eurasian beaver (Castor
fiber), and they are strictly linked to the reintroduction
trails carried out in Britain.

MONITORING BEHAVIOUR AND DEMOGRAPHY

This category collects 56 documents on beaver ethology.
Specifically, they investigate through the analysis of case
study beaver behaviours and needs. The investigations
dwell on: 1) habitat and lodge site selection (Du et al. 2017,
Zhen et al. 2017); 2) food preference (Urban et al. 2008,
John & Kostkan 2009, Law et al. 2014, Piton et al. 2020,
Juhdsz et al. 2023); 3) activity pattern (Johnston &
Windels 2015, Swinnen et al. 2015, Viviano et al. 2022);
4) family composition and colony density (McTaggart &
Nelson 2003, Rosell et al. 2006); 5) beaver behaviour in
relation with other species (Hood & Bayley 2008, Ruys
et al. 2011); and 6) peer relationships (England &
Westbrook 2021).

PRACTICAL MANAGEMENT MEASURES

This category consists of 26 documents concerning practi-
cal proposals for the management of individuals or conflicts.
Specifically, they propose several measures such as trapping
(Safonov  2016), captive care (Campbell-Palmer &
Rosell 2015), hunting (Janiszewski & Hanzal 2021), instal-
lation of pond-levelling devices (Taylor & Singleton 2014,
Hood et al. 2021), tree guard (Loeb & Garner 2022,
Westbrook & England 2022), and incentives (Morzillo &
Needham 2015).

POPULATION DYNAMIC AND DISTRIBUTION

This category consists of 48 documents concerning spatial
spread, dynamics, and estimation of beaver population.
Specifically, these documents investigate beaver current
expansion and historical distribution (Lanman et al. 2013),
estimate total population (Chu & Jiang 2009, Wrébel
2020), and assess colony density (Ribic et al. 2017). Moreover,
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these studies refer to specific area, like France (Lecomte
et al. 1990, Steinmetz 2014), Czech Republic (Simtinkova
& Vorel 2015), Finland (Brommer et al. 2017), Italy (Mori
et al. 2021, Capobianco et al. 2023), Spain (Calderén
et al. 2022), or macro region such as Eurasia (Nolet &
Rosell 1998, Halley & Rosell 2002, Halley et al. 2021).
The first article to concentrate to this topic was written
in 1979 and it focuses on the preliminary results of the
reintroduced beaver population in Vistula River, Poland
(Zurowski 1979). In addition, a document deals with
population trends according to the types of management
actions (Yanuta et al. 2022).

As can be seen from the number of documents, the
most investigated aspect within the context of beaver
management concerns the effects of this rodent behaviour
on territory. This topic deals mainly with the American
beaver (Fig.7), but it is fundamental for understanding
conflicts and benefits strictly connected to the beaver pres-
ence regardless of the species. Moreover, it represents a
starting point for any species management policy.

Biopolitics is instead the topics for which there are
fewer studies. The limit number of this topic in the sci-
entific literature reveals a scarce consideration of a fun-
damental aspect for management: the set of guidelines
and practices to be implemented at an international and,
above all, national level for the protection and manage-
ment of the species. This aspect is a key element for
planning efficient species management strategies.

The second least investigated topic is beaver-related
restoration with only 18 out of 415 documents, mostly
focused on American beaver (14 out of 18) (Fig. 7). This
result shows how many studies to date (2023) have con-
sidered the beaver as a resource and used it as a water-
course restoration tool. This topic substantially appears
in publications over the last 6years (Fig. 8).

Another finding that stands out from the analysis of the
literature is the use of habitat suitability models as the main
territorial assessment tool to support decision makers, es-
pecially as regards reintroductions. Although these methods
increasingly use environmental variables linked to the an-
throposphere in order to limit conflicts (Treves et al. 2020),
these models do not take into account the perception and
attitude of stakeholders increasingly taken into consideration
given the growing number of studies (12 out of 23 studies
in the last 3years, for more detail, see the Appendix Sl1).
These aspects are generally evaluated, instead, with interviews,
mental models, etc.

Finally, it is observed that the publications of the last
3years (i.e. 2020, 2021, 2022) covered all the 10 categories
as shown in Fig. 8.

Taken together, these results suggests that there was a
huge growth in scientific literature about beaver manage-
ment due to an increased research interest over time, but
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there was also a motivational shift towards reintroductions
for ecosystem restoration. This recent shift may have in-
fluenced the main topics investigated by research. There
was a transition from studies focused more so on beaver
ecology (e.g. population distribution and behaviour) to
others mainly focused on the beaver effects and the hu-
man dimension around restoration.

CONCLUSIONS

This study set out an overview of past and present beaver
management and shows a complete view of approaches
and responses used. Moreover, it highlights changes in
the literature over time with the aim of identifying future
trends towards which beaver management is heading and
determining how far the beaver is considered a restoration
tool.

Overall, the study has identified an increasing trend of
publications number about beavers closely related to the
growth and expansion of beaver population, as well as to
management measures implemented over the years and unof-
ficial releases by rewilding movements (especially in Eurasia).
Moreover, the co-occurrence analysis of author keywords has
identified the human perceptions as the emerging field in-
vestigated and the categorisation of the documents has shown
that only 4.3% of the studies describe the implementation
of beaver-related restoration projects.

These results indicate that the management of beaver
is of a great interest in research. But this species is still
little used as an active tool, though this rodent is often
described in the literature as an ecosystem engineer capable
of positively modifying the environment and has a proven
role in freshwater ecosystem restoration. Furthermore, the
emerging trend related to human perceptions highlights
a change in the management. Species management is no
longer aimed at pure conflict control, but is projected
towards a participatory perspective that leads to a co-
existence between human and beaver. Thus, the future of
beaver management is represented by the integration of
management strategies and participatory approaches that
combine ecological and socio-economic aspects. This in-
tegration promotes the raising awareness of benefits and
impacts generated by the species highlighting the multiple
dimensions that influence human-wildlife relationships.

However, to continue in this direction, it is necessary
that the institutions understand the importance of acting
within a socio-ecological model through a wildlife con-
servation approach that embraces the social dimension of
the phenomenon (Decker et al. 2016). The imposing of
strong management actions, as the removal of beavers
unofficially released, without considering local perception
could create misunderstanding, affect the perception of
the species (Viviano et al. 2023), and make the manage-
ment of ‘legal beaver’ more difficult.
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In conclusion, this study suggests undertaking species
management policies that enhance the role of the beaver
in the freshwater ecosystem and its restoration, stimulating
stakeholder involvement and stewardship as a form of
collaborative planning and responsible management. From
this point of view, restoration practices will play an im-
portant role in the sustainable management of watercourses,
allowing the construction of strong communities closely
connected to the territory in which they live and with a
strong sense of stewardship.

Future studies should develop socio-ecological manage-
ment models that consider benefits and impacts generated
by the beaver with the aim to support the decision-making
process of restoration and conservation actions.

ACKNOWLEDGEMENTS

The authors would like to thank you the anonymous re-
viewers whose comments helped to improve the paper.
Open access was funded and made possibile by Politecnico
di Torino.

FUNDING

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are avail-
able in the Appendix S1 as supplementary material of
this article.

REFERENCES

Abrams J, Johnduff M, Charnley S (2019) Beaver-related
restoration in Owyhee County, Idaho: Opportunities and
challenges. USDA Forest Service — Research Paper PNW-RP
2019.

Albrecht J (2016) The beaver in the context of water and
nature conservation legislation — focus on water
framework directive and on habitats directive. Naturschutz
und Landschaftsplanung 48: 353-359.

Apple LL (1983) The use of beavers in riparian/aquatic
habitat restoration in a cold desert, gully-cut stream
system: a case history. Annual Proceedings — American
Fisheries Society, Colorado-Wyoming Chapter 18: 29-35.

Aria M, Cuccurullo C (2017) Bibliometrix: an R-tool for
comprehensive science mapping analysis. Journal of
Informetrics 11: 959-975.

Auster RE, Puttock A, Brazier R (2020) Unravelling
perceptions of Eurasian beaver reintroduction in Great
Britain. Area 52: 364-375.

Literature review in beaver management

Auster RE, Barr SW, Brazier RE (2021a) Improving
engagement in managing reintroduction conflicts: learning
from beaver reintroduction. Journal of Environmental
Planning and Management 64: 1713-1734.

Auster R, Barr S, Brazier R (2021b) Alternative perspectives
of the angling community on Eurasian beaver (Castor
fiber) reintroduction in the river otter beaver trial. Journal
of Environmental Planning and Management 64:
1252-1270.

Auster RE, Barr SW, Brazier RE (2022a) Renewed
coexistence: learning from steering group stakeholders on
a beaver reintroduction project in England. European
Journal of Wildlife Research 68: 1.

Auster RE, Barr SW, Brazier RE (2022b) Beavers and flood
alleviation: human perspectives from downstream
communities. Journal of Flood Risk Management 15:
e12789.

Bashinskiy IV (2020) Beavers in lakes: a review of their
ecosystem impact. Aquatic Ecology 54: 1097-1120.

Beck JL, Dauwalter DC, Gerow KG, Hayward GD (2010)
Design to monitor trend in abundance and presence of
American beaver (Castor canadensis) at the national forest
scale. Environmental Monitoring and Assessment 164: 463—479.

Benovics M, Reslovd N, gkorpikové L, Seidlova L, Mikulka
O (2022) Helminth fauna of the Eurasian beaver in The
Czech Republic with remarks on the genetic diversity of
specialist Stichorchis subtriquetrus (Digenea: Cladorchiidae).
Parasitology Research 121: 633—644.

Bhatia S, Redpath SM, Suryawanshi K, Mishra C (2020)
Beyond conflict: exploring the spectrum of human-wildlife
interactions and their underlying mechanisms. Oryx 54:
621-628.

Blewett A, Jacobs M, Kok K, Jones N, Ogle S (2021)
Stakeholder mental model analysis supports focused
conservation policy and actions for Eurasian beaver
(Castor fiber) reintroduction. Journal for Nature
Conservation 64: 126064.

Blewett A, Jacobs M, Kok K, Jones NA, Ogle S, Huijbens E
(2022) Emotionally augmented mental models,
connectivity and beaver reintroduction in Southwest
England. Ecology and Society 27: 33.

Brazier RE, Puttock A, Graham HA, Auster RE, Davies KH,
Brown CML (2021) Beaver: nature’s ecosystem engineers.
Wiley Interdisciplinary Reviews: Water 8: 1-29.

Breck SW, Goldstein MI, Pyare S (2012) Site-occupancy
monitoring of an ecosystem indicator: linking
characteristics of riparian vegetation to beaver occurrence.
Western North American Naturalist 72: 432—441.

Brommer JE, Alakoski R, Selonen V, Kauhala K (2017)
Population dynamics of two beaver species in Finland
inferred from citizen-science census data. Ecosphere 8:
e01947.

Brown AG, Lespez L, Sear DA, Macaire JJ, Houben P,
Klimek K, Brazier RE, Van Oost K, Pears B (2018)

Mammal Review 54 (2024) 213-228 © 2023 The Authors. Mammal Review published by Mammal Society and John Wiley & Sons Ltd. 223

85U8017 SUOWILIOD BAITEa1D) 3|qed! [dde sy} Aq peusenob afe sejoe VO ‘@SN J0 S9N 10} A%eiq18ulUQ 48] UO (SUONIPUOD-PpUR-SLUBIAL0D A8 | 1M Afe1q 1 jpUI|UO//:SANY) SUOIIPUOD PUe SWB | 3U1 88S *[7202/60/8T] U0 ARIqiTauluo A8|iM ‘el eueiyo0D AQ 8EEZT WeW/TTTT 0T/I0pAU0d A8 | im Aiq Ul |uo//Sdny Wo.j pepeojumod ‘Z ‘720z ‘206259ET



Literature review in beaver management

Natural vs anthropogenic streams in Europe: history,
ecology and implications for restoration, river-rewilding
and riverine ecosystem services. Earth-Science Reviews 180:
185-205.

Burén D, Romén J, Calzada J (2023) El castor aparece en la
cuenca del Guadalquivir. Galemys, Spanish Journal of
Mammalogy 35: 1-2.

Calder6n T, Balmori-De la Puente A, Caballero JM,
Rodriguez D, Caballero A, Balmori A (2022) The
Eurasian beaver in the western Iberian Peninsula. Hystrix
33: 213-215.

Campbell-Palmer R, Rosell F (2015) Captive care and
welfare considerations for beavers. Zoo Biology 34:
101-109.

Campbell-Palmer R, Gow D, Campbell RD, Dickinson H,
Girling S, Gurnell J et al. (2016) The Eurasian Beaver
Handbook, 202. Pelagic Publishing, Exeter, UK.

Capobianco G, Viviano A, Mazza G, Cimorelli G, Casciano
A, Lagrotteria A, Fusillo R, Marcelli M, Mori E (2023)
“Oops...a beaver again!” Eurasian beaver Castor fiber
recorded by citizen-science in new areas of central and
southern Italy. Animals 13: 1699.

Carver S (2016) Flood management and nature — can
rewilding help? ECOS 37: 32-42.

Charnley S (2019) If you build it, they will come: ranching,
riparian revegetation, and beaver colonization in Elko
County, Nevada. USDA Forest Service — Research Paper
PNW-RP 2019.

Charnley S, Gosnell H, Davee R, Abrams ] (2020) Ranchers
and beavers: understanding the human dimensions of
beaver-related stream restoration on Western rangelands.
Rangeland Ecology & Management 73: 712-723.

Chu H, Jiang Z (2009) Distribution and conservation of the
Sino-Mongolian beaver Castor fiber birulai in China. Oryx
43: 197-202.

Cohen-Shacham E, Janzen C, Maginnis S, Gretchen W (eds;
2016) Nature-Based Solutions to Address Global Societal
Challenges. IUCN International Union for Conservation of
Nature, Gland, Switzerland.

Committee on the Environment Public Health and Food
Safety (2021) Report on the EU Biodiversity Strategy for
2030: Bringing nature back into our lives. Procedure
2020/2273(INI). European Parliament Plenary Sitting
A9-0179/2021.

Coz DM, Young JC (2020) Conflicts over wildlife
conservation: learning from the reintroduction of beavers
in Scotland. People and Nature 2: 406—419.

Crowley SL, Hinchliffe S, McDonald RA (2017) Nonhuman
citizens on trial: the ecological politics of a beaver
reintroduction. Environment and Planning A 49: 1846-1866.

Decker D, Smith C, Forstchen A, Hare D, Pomeranz E,
Doyle-Capitman C, Schuler K, Organ J (2016)
Governance principles for wildlife conservation in the
21st century. Conservation Letters 9: 290-295.

A. Treves and E. Comino

Dennis R (1997) Bears and beavers in Scotland? The call of
the wild comes to congress. The Veterinary Record 141:
431-433.

Dewas M, Herr J, Schley L, Angst C, Manet B, Landry P,
Catusse M (2012) Recovery and status of native and
introduced beavers Castor fiber and Castor canadensis in
France and neighbouring countries. Mammal Review 42:
144-165.

Dittbrenner BJ, Pollock MM, Schilling JW, Olden JD, Lawler
JJ, Torgersen CE (2018) Modeling intrinsic potential for
beaver (Castor canadensis) habitat to inform restoration
and climate change adaptation. PLoS One 13: e0192538.

Du CC, Chu WW, Zhen R, Duan XN, Chen G, Chu HJ
(2017) Castor fiber birulai lodge site selection and
characteristics in the Ulungur watershed of Xinjiang,
China. Shengtai Xuebao 37: 5167-5178.

van Eck NJ, Waltman L (2010) Software survey: VOSviewer,
a computer program for bibliometric mapping.
Scientometrics 84: 523-538.

Enck JW, Brown TL (1996) Citizen participation approaches
for successful beaver management. Human Dimensions of
Wildlife 1: 78-79.

England K, Westbrook CJ (2021) Comparison of beaver
density and foraging preferences between urban and rural
riparian forests along the South Saskatchewan river,
Canada. Journal of Urban Ecology 7: juab021.

Fandén A (2005) Ageing the beaver (Castor fiber L.): a
skeletal development and life history calendar based on
epiphyseal fusion. Archaeofauna 14: 199-213.

Fedorca A, Ciocirlan E, Pasca C, Fedorca M, Gridan A,
Tonescu G (2021) Genetic structure of Eurasian beaver in
Romania: insights after two decades from the
reintroduction. European Journal of Wildlife Research 67:
1-10.

Fitch K, Nippgen F, Albeke SE, Paige GB (2022) Where the
wild beavers are: climate and landscape controls on
beaver pond area in snow-dominated rangeland
headwaters. Ecohydrology 15: 1-18.

Fountain SM (2014) Ranchers’ friend and farmers’ foe:
reshaping nature with beaver reintroduction in California.
Environmental History 19: 239-269.

Francis RA, Taylor JD, Dibble E, Strickland B, Petro VM,
Easterwood C, Wang G (2017) Restricted cross-scale
habitat selection by American beavers. Current Zoology 63:
703-710.

Gaywood MJ (2018) Reintroducing the Eurasian beaver
Castor fiber to Scotland. Mammal Review 48: 48-61.

Gibson PP, Olden JD (2014) Ecology, management, and
conservation implications of north American beaver
(Castor canadensis) in dryland streams. Aquatic
Conservation: Marine and Freshwater Ecosystems 24:
391-409.

Girling SJ, Goodman G, Burr P, Pizzi R, Naylor A, Cole G
et al. (2019a) Evidence of Leptospira species and their

224 Mammal Review 54 (2024) 213-228 © 2023 The Authors. Mammal Review published by Mammal Society and John Wiley & Sons Ltd.

85U8017 SUOWILIOD BAITEa1D) 3|qed! [dde sy} Aq peusenob afe sejoe VO ‘@SN J0 S9N 10} A%eiq18ulUQ 48] UO (SUONIPUOD-PpUR-SLUBIAL0D A8 | 1M Afe1q 1 jpUI|UO//:SANY) SUOIIPUOD PUe SWB | 3U1 88S *[7202/60/8T] U0 ARIqiTauluo A8|iM ‘el eueiyo0D AQ 8EEZT WeW/TTTT 0T/I0pAU0d A8 | im Aiq Ul |uo//Sdny Wo.j pepeojumod ‘Z ‘720z ‘206259ET



A. Treves and E. Comino

significance during reintroduction of Eurasian beavers
(Castor fiber) to Great Britain. Veterinary Record 185:
482.

Girling SJ, Naylor A, Fraser M, Campbell-Palmer R (2019b)
Reintroducing beavers Castor fiber to Britain: a disease
risk analysis. Mammal Review 49: 300-323.

Goodman G, Meredith A, Girling S, Rosell F, Campbell-
Palmer R (2017) Outcomes of a ‘one health’ monitoring
approach to a five-year beaver (Castor fiber)
reintroduction trial in Scotland. EcoHealth 14: 139-143.

Gow D (2006) Bringing back the beaver. ECOS 27: 57-65.

Graham HA, Puttock A, Macfarlane WW, Wheaton JM,
Gilbert JT, Campbell-Palmer R, Elliott M, Gaywood M]J,
Anderson K, Brazier RE (2020) Modelling Eurasian beaver
foraging habitat and dam suitability, for predicting the
location and number of dams throughout catchments in
Great Britain. European Journal of Wildlife Research 66:
42.

Grudzinski BP, Fritz K, Golden HE, Newcomer-Johnson TA,
Rech JA, Levy J et al. (2022) A global review of beaver
dam impacts: stream conservation implications across
biomes. Global Ecology and Conservation 37: 1-15.

Halley DJ (2011) Sourcing Eurasian beaver Castor fiber stock
for reintroductions in Great Britain and Western Europe.
Mammal Review 41: 40-53.

Halley DJ, Rosell F (2002) The Beaver’s reconquest of
Eurasia: status, population development and management
of a conservation success. Mammal Review 32: 153-178.

Halley DJ, Saveljev AP, Rosell F (2021) Population and
distribution of beavers Castor fiber and Castor canadensis
in Eurasia. Mammal Review 51: 1-24.

Hammerson GA (1994) Beaver (Castor canadensis):
ecosystem alterations, management, and monitoring.
Natural Areas Journal 14: 44-57.

Heidecke D (1986) Taxonomic aspects of species
conservation using the example of the beavers of Eurasia
[Taxonomische Aspekte des Artenschutzes am Beispiel der
Biber Eurasiens]. Hercynia 23: 146-161.

Henn JJ, Anderson CB, Martinez Pastur G (2016)
Landscape-level impact and habitat factors associated with
invasive beaver distribution in Tierra del Fuego. Biological
Invasions 18: 1679-1688.

Herrera AH, Lencinas MV, Manriquez MT, Miller JA, Pastur
GM (2020) Mapping the status of the north American
beaver invasion in the Tierra del Fuego archipelago. PLoS
One 15: €0232057.

Holthuijzen AMA (2021) Passive restoration of a Small
Mountain stream in eastern Oregon. Northwest Science 95:
54-72.

Hood GA, Bayley SE (2008) The effects of high ungulate
densities on foraging choices by beaver (Castor
canadensis) in the mixed-wood boreal forest. Canadian
Journal of Zoology 86: 484-496.

Literature review in beaver management

Hood GA, McIntosh ACS, Hvenegaard GT (2021) Ecological
compromise: can alternative beaver management maintain
aquatic macroinvertebrate biodiversity? Wetlands 41: 1-12.

Iso-Touru T, Tabell J, Virta A, Kauhala K (2021) A
non-invasive, DNA-based method for beaver species
identification in Finland. Wildlife Biology 2021: wlb.00808.

IUCN (2019) IUCN Issues Briefs: Species and Climate
Change. TUCN, Gland, Switzerland.

Janiszewski P, Hanzal V (2021) Restoration of European
beaver Castor fiber in Poland — a proper or wrong lesson
of active protection for other European countries? Journal
Of Wildlife And Biodiversity 5: 40-52.

John F, Kostkan V (2009) Compositional analysis and GPS/
GIS for study of habitat selection by the European
beaver, Castor fiber in the middle reaches of the Morava
River. Folia Zoologica 58: 76-86.

Johnston CA, Windels SK (2015) Using beaver works to
estimate colony activity in boreal landscapes. Journal of
Wildlife Management 79: 1072-1080.

Jonker SA, Organ JF, Muth RM, Zwick RR, Siemer WF
(2009) Stakeholder norms toward beaver management in
Massachusetts. Journal of Wildlife Management 73:
1158-1165.

Jordan CE, Fairfax E (2022) Beaver: the north American
freshwater climate action plan. Wiley Interdisciplinary
Reviews: Water 9: 1-13.

Juhédsz E, Molnar Z, Bede-Fazekas A, Bir6 M (2023) General
patterns of beavers’ selective foraging: how to evaluate the
effects of a re-emerging driver of vegetation change along
central European small watercourses. Biodiversity and
Conservation 32: 2197-2220.

Kornse Z, Wohl E (2020) Assessing restoration potential for
beaver (Castor canadensis) in the semiarid foothills of the
southern Rockies, USA. River Research and Applications
36: 1932-1943.

Lanman CW, Lundquist K, Perryman H, Asarian JE,
Dolman B, Lanman RB, Pollock MM (2013) The
historical range of beaver (Castor canadensis) in coastal
California: an updated review of the evidence. California
Fish & Game 99: 193-221.

Larsen A, Larsen JR, Lane SN (2021) Dam builders and
their works: beaver influences on the structure and
function of river corridor hydrology, geomorphology,
biogeochemistry and ecosystems. Earth-Science Reviews
218: 103623.

Law A, Bunnefeld N, Willby NJ (2014) Beavers and lilies:
selective herbivory and adaptive foraging behaviour.
Freshwater Biology 59: 224-232.

Lazéar J, Smigové ], Smiga L, Lazar P, Curlik J, Papajova I
(2023) Morphological and molecular identification of
adult Stichorchis subtriquetrus in beaver in Slovakia.
Veterinary Research Communications. https://doi.
0rg/10.1007/s11259-023-10074-5

Mammal Review 54 (2024) 213-228 © 2023 The Authors. Mammal Review published by Mammal Society and John Wiley & Sons Ltd. 225

85U8017 SUOWILIOD BAITEa1D) 3|qed! [dde sy} Aq peusenob afe sejoe VO ‘@SN J0 S9N 10} A%eiq18ulUQ 48] UO (SUONIPUOD-PpUR-SLUBIAL0D A8 | 1M Afe1q 1 jpUI|UO//:SANY) SUOIIPUOD PUe SWB | 3U1 88S *[7202/60/8T] U0 ARIqiTauluo A8|iM ‘el eueiyo0D AQ 8EEZT WeW/TTTT 0T/I0pAU0d A8 | im Aiq Ul |uo//Sdny Wo.j pepeojumod ‘Z ‘720z ‘206259ET


https://doi.org/10.1007/s11259-023-10074-5
https://doi.org/10.1007/s11259-023-10074-5

Literature review in beaver management

Lecomte J, Bigan M, Barre V (1990) Re-introducing and
strengthening animal populations in France. Proceedings
of the Saint Jean du Gard symposium, December 1988
[Reintroductions et renforcements de populations
animales en France. Compte-rendu du colloque de Saint
Jean du Gard, Decembre 1988]. Revue d’Ecologie (La
Terre et la Vie).

Lochmiller RL (1979) Potential economic return from
leasing a beaver pond for waterfowl hunting (wildlife
management). Journal of Soil and Water Conservation 34:
232-233.

Loeb RE, Garner TB (2022) Natural Forest regeneration
changes in an Urban natural area Forest with white-tailed
deer (Odocoileus virginianus) exclusion and felling by
north American beaver (Castor canadensis). Natural Areas
Journal 42: 252-256.

Macfarlane WW, Wheaton JM, Bouwes N, Jensen ML,
Gilbert JT, Hough-Snee N, Shivik JA (2017) Modeling
the capacity of riverscapes to support beaver dams.
Geomorphology 277: 72-99.

Maringer A, Slotta-Bachmayr L (2006) A GIS-based
habitat-suitability model as a tool for the management of
beavers Castor fiber. Acta Theriologica 51: 373-382.

McKinstry MC, Anderson SH (1998) Attitudes of private-
and public-land managers in Wyoming, USA, toward
beaver. Environmental Management 23: 95-101.

McTaggart ST, Nelson TA (2003) Composition and
demographics of beaver (Castor canadensis) colonies in
Central Illinois. American Midland Naturalist 150: 139-150.

Mills G (2019) Scottish beavers to be protected. The
Veterinary Record 184: 304-305.

Mori E, Viviano A, Brustenga L, Olivetti F, Peppucci L,
Pucci C et al. (2021) Distribution and genetic analysis of
wild-living Eurasian beavers in Central Italy. Redia 104:
209-215.

Morzillo AT, Needham MD (2015) Landowner incentives
and normative tolerances for managing beaver impacts.
Human Dimensions of Wildlife 20: 514-530.

Munclinger P, Syrtackovd A, Nahlovsky J, Durka W, Saveljev
AP, Rosell F et al. (2022) Recovery in the melting pot:
complex origins and restored genetic diversity in newly
established Eurasian beaver (Rodentia: Castoridae)
populations. Biological Journal of the Linnean Society 135:
793-811.

Nolet BA, Rosell F (1998) Comeback of the beaver Castor
fiber: an overview of old and new conservation problems.
Biological Conservation 83: 165-173.

Nyhus PJ (2016) Human-wildlife conflict and coexistence.
Annual Review of Environment and Resources 41: 143-171.
https://doi.org/10.1146/annurev-environ-110615-085634

O’Brien MF, Meldrum ], Foster I (2018) Medical and
surgical management of intraspeciic wounds in a
European beaver kit (Castor fiber). Veterinary Record Case
Reports 6: €000561.

A. Treves and E. Comino

Petro VM, Taylor JD, Sanchez DM, Burnett KM (2018)
Methods to predict beaver dam occurrence in coastal
Oregon. Northwest Science 92: 278-289.

Piton G, Loucougaray G, Daumergue N, Breton V, Evette A
(2020) The beaver’s menu: species and spatial selection of
a European beaver population and implications for
riverbank bioengineering. Wetlands Ecology and
Management 28: 901-908.

Pollock MM, Beechie TJ, Wheaton JM, Jordan CE, Bouwes
N, Weber N, Volk C (2014) Using beaver dams to
restore incised stream ecosystems. Bioscience 64: 279-290.

Pucci C, Senserini D, Mazza G, Mori E (2021) Reappearance
of the Eurasian beaver Castor fiber L. in Tuscany (Central
Italy): the success of unauthorised releases? Hystrix, The
Italian Journal of Mammalogy 32: 182-185.

Puttock A, Graham H, Brazier R (2018) Can Eurasian
beaver reintroduction provide a nature based solution to
water resource management issues? Geophysical Research
Abstracts 20: 2018-2814.

Reid AJ, Carlson AK, Creed IF, Eliason EJ, Gell PA,
Johnson PTJ et al. (2019) Emerging threats and persistent
conservation challenges for freshwater biodiversity.
Biological Reviews 94: 849-873.

Ribic CA, Donner DM, Beck AJ, Rugg DJ, Reinecke S,
Eklund D (2017) Beaver colony density trends on the
Chequamegon-Nicolet National Forest, 1987-2013. PLoS
One 12: e0170099.

Ringelman JK (1991) 13.4.7 Fish & wildlife leaflet. In:
Managing Beaver to Benefit Waterfowl. US Fish & Wildlife
Service, Washington, DC, USA.

Romanowski J, Kowalczyk K, Rau K (2008) Population
viability modelling and potential threats to the beaver in
the Vistula River valley, Poland. Annales Zoologici Fennici
45: 323-328.

Rosell F, Sun L (1999) Use of anal gland secretion to
distinguish the two beaver species Castor canadensis and
C. fiber. Wildlife Biology 5: 119-123.

Rosell F, Bozsér O, Collen P, Parker H (2005) Ecological
impact of beavers Castor fiber and Castor canadensis and
their ability to modify ecosystems. Mammal Review 35:
248-276.

Rosell F, Parker H, Steifetten @ (2006) Use of dawn and
dusk sight observations to determine colony size and
family composition in Eurasian beaver Castor fiber. Acta
Theriologica 51: 107-112.

Rosell F, Cross HB, Johnsen CB, Sundell J, Zedrosser A
(2019) Scent-sniffing dogs can discriminate between native
Eurasian and invasive north American beavers. Scientific
Reports 9: 15952.

Rosell F, Kniha D, Haviar M (2020) Dogs can scent-match
individual Eurasian beavers from their anal gland
secretion. Wildlife Biology 2020: 1-7.

Rozhkova-Timina IO, Popkov VK, Mitchell PJ, Kirpotin SN
(2018) Beavers as Ecosystem Engineers — A Review of their

226 Mammal Review 54 (2024) 213-228 © 2023 The Authors. Mammal Review published by Mammal Society and John Wiley & Sons Ltd.

85U8017 SUOWILIOD BAITEa1D) 3|qed! [dde sy} Aq peusenob afe sejoe VO ‘@SN J0 S9N 10} A%eiq18ulUQ 48] UO (SUONIPUOD-PpUR-SLUBIAL0D A8 | 1M Afe1q 1 jpUI|UO//:SANY) SUOIIPUOD PUe SWB | 3U1 88S *[7202/60/8T] U0 ARIqiTauluo A8|iM ‘el eueiyo0D AQ 8EEZT WeW/TTTT 0T/I0pAU0d A8 | im Aiq Ul |uo//Sdny Wo.j pepeojumod ‘Z ‘720z ‘206259ET


https://doi.org/10.1146/annurev-environ-110615-085634

A. Treves and E. Comino

Positive and Negative Effects. IOP Conference Series: Earth
and Environmental Science.

Ruys T, Lorvelec O, Marre A, Bernez I (2011) River
management and habitat characteristics of three sympatric
aquatic rodents: common muskrat, coypu and European
beaver. European Journal of Wildlife Research 57: 851-864.

Safonov VG (2016) Beaver trapping in Russia and Belarus
and problems of resources management. Russian Journal
of Theriology 15: 2-7.

Scamardo JE, Marshall S, Wohl E (2022) Estimating
widespread beaver dam loss: habitat decline and surface
storage loss at a regional scale. Ecosphere 13: €3962.

Schulte BA, Muller-Schwarze D, Sun L (1995) Using anal
gland secretion to determine sex in beaver. The Journal of
Wildlife Management 59: 614.

Senn H, Ogden R, Frosch C, Syrtuckova A, Campbell-Palmer
R, Munclinger P et al. (2014) Nuclear and mitochondrial
genetic structure in the Eurasian beaver (Castor fiber)

— implications for future reintroductions. Evolutionary
Applications 7: 645-662.

Serva D, Biondi M, Iannella M (2023) The Eurasian beaver
range expansion reveals uneven future trends and possible
conservation issues: an European assessment. Biodiversity
and Conservation 32: 1999-2016.

Siemer WF, Jonker SA, Decker DJ, Organ JF (2013) Toward
an understanding of beaver management as human and
beaver densities increase. Human-Wildlife Interactions 7:
114-131.

Simtnkovd K, Vorel A (2015) Spatial and temporal
circumstances affecting the population growth of beavers.
Mammalian Biology 80: 468-476.

Smeraldo S, Di Febbraro M, Cirovi¢ D, Bosso L, Trbojevi¢
I, Russo D (2017) Species distribution models as a tool
to predict range expansion after reintroduction: a case
study on Eurasian beavers (Castor fiber). Journal for
Nature Conservation 37: 12-20.

Stefen C (2019) Causes of death of beavers (Castor fiber)
from eastern Germany and observations on parasites,
skeletal diseases and tooth anomalies — a long-term
analysis. Mammal Research 64: 279-288.

Steinmetz ] (2014) Beaver Castor fiber (Linnaeus, 1758)
recovery and monitoring in France. Munibe Monographs.
Nature Series 3: 89-92.

Stevenson JR, Dunham JB, Wondzell SM, Taylor J (2022)
Dammed water quality — longitudinal stream responses
below beaver ponds in the Umpqua River basin, Oregon.
Ecohydrology 15: €2430.

St-Pierre ML, Labbé ], Darveau M, Imbeau L, Mazerolle MJ
(2017) Factors affecting abundance of beaver dams in
forested landscapes. Wetlands 37: 941-949.

Stringer AP, Gaywood MJ (2016) The impacts of beavers
Castor spp. on biodiversity and the ecological basis for
their reintroduction to Scotland, UK. Mammal Review 46:
270-283.

Literature review in beaver management

Stringer AP, Blake D, Genney DR, Gaywood MJ (2018) A
geospatial analysis of ecosystem engineer activity and its
use during species reintroduction. European Journal of
Wildlife Research 64: 41.

Su G, Logez M, Xu J, Tao S, Villéger S, Brosse S (2021)
Human impacts on global freshwater fish biodiversity.
Science 371: 835-838.

Swinnen KRR, Hughes NK, Leirs H (2015) Beaver (Castor
fiber) activity patterns in a predator-free landscape. What
is keeping them in the dark? Mammalian Biology 80:
477-483.

Swinnen KRR, Strubbe D, Matthysen E, Leirs H (2017)
Reintroduced Eurasian beavers (Castor fiber): colonization
and range expansion across human-dominated landscapes.
Biodiversity and Conservation 26: 1863—1876.

Szekeres S, Czaban D, Takdcs N, SzéEll Z, Gubdnyi A,
Kontschén J, Hornok S, Sréter T (2022) First report of
molecular taxonomic analyses of European beaver
metazoan parasites from Hungary. Parasitology Research
121: 1895-1902.

Taylor JD, Singleton RD (2014) The evolution of flow
devices used to reduce flooding by beavers: a review.
Wildlife Society Bulletin 38: 127-133.

Taylor JD, Yarrow GK, Miller JE (2017) Beavers. USDA,
APHIS, WS National Wildlife Research Center, Ft.
Collins, Colorado, USA.

Thompson S, Vehkaoja M, Pellikka J, Nummi P (2021)
Ecosystem services provided by beavers Castor spp.
Mammal Review 51: 25-39.

Thompson CA, Benson JF, Patterson BR (2022) A novel
survey design for modeling species distribution of beavers
in Algonquin Park, Canada. Wildlife Society Bulletin 46:
el322.

Tornblom J, Angelstam P, Hartman G, Henrikson L, Sjoberg
G (2011) Toward a research agenda for water policy
implementation: knowledge about beaver (Castor fiber) as
a tool for water management with a catchment
perspective. Baltic Forestry 17: 154-161.

Treves A, Bottero M, Caprioli C, Comino E (2020) The
reintroduction of Castor fiber in Piedmont (Italy): an
integrated SWOT-spatial multicriteria based approach for
the analysis of suitability scenarios. Ecological Indicators
118: 106748.

Treves A, Terenziani A, Angst C, Comino E (2022)
Predicting habitat suitability for Castor fiber
reintroduction: MaxEnt vs SWOT-spatial multicriteria
approach. Ecological Informatics 72: 101895.

Ulicsni V, Babai D, Juhdsz E, Molnar Z, Bir6 M (2020)
Local knowledge about a newly reintroduced, rapidly
spreading species (Eurasian beaver) and perception of its
impact on ecosystem services. PLoS One 15: €0233506.

Urban J, Suchomel J, Dvorak J (2008) Contribution to the
knowledge of woods preferences of European beaver
(Castor fiber L. 1758) in bank vegetation on non-forest

Mammal Review 54 (2024) 213-228 © 2023 The Authors. Mammal Review published by Mammal Society and John Wiley & Sons Ltd. 227

85U8017 SUOWILIOD BAITEa1D) 3|qed! [dde sy} Aq peusenob afe sejoe VO ‘@SN J0 S9N 10} A%eiq18ulUQ 48] UO (SUONIPUOD-PpUR-SLUBIAL0D A8 | 1M Afe1q 1 jpUI|UO//:SANY) SUOIIPUOD PUe SWB | 3U1 88S *[7202/60/8T] U0 ARIqiTauluo A8|iM ‘el eueiyo0D AQ 8EEZT WeW/TTTT 0T/I0pAU0d A8 | im Aiq Ul |uo//Sdny Wo.j pepeojumod ‘Z ‘720z ‘206259ET



Literature review in beaver management

land in the forest district Soutok (Czech Republic). Acta
Universitatis Agriculturae et Silviculturae Mendelianae
Brunensis 56: 289-294.

Viviano A, Mazza G, Di Lorenzo T, Mori E (2022) Housed
in a lodge: occurrence of animal species within Eurasian
beaver constructions in Central Italy. European Journal of
Wildlife Research 68: 1-6.

Viviano A, Roger EA, Mazza G, Lagrotteria A, Pucci C,
Senserini D et al. (2023) Eurasian beavers in Central
Italy: perceptions in the local community. The Science of
Nature 110: 30.

Ward K], Prior J (2020) The reintroduction of beavers to
Scotland: rewilding, biopolitics, and the affordance of
non-human autonomy. Conservation and Society 18:
103-113.

Westbrook CJ, England K (2022) Relative effectiveness of
four different guards in preventing beaver cutting of
Urban trees. Environmental Management 70: 97—-104.

Wohl E (2015) Of wood and rivers: bridging the perception
gap. Wiley Interdisciplinary Reviews: Water 2: 167—176.

Wrébel M (2020) Population of Eurasian beaver (Castor
fiber) in Europe. Global Ecology and Conservation 23:
e01046.

A. Treves and E. Comino

Yanuta G, Wrébel M, Klich D, Haidt A, Drobik-Czwarno
W, Balcerak M, Mitrenkov A (2022) How should we
manage a strong Eurasian beaver population? A
comparison of population trends in Poland and Belarus.
Journal of Environmental Management 318: 115608.

Yarmey NT, Hood GA (2020) Resident perceptions of
human-beaver conflict in a rural landscape in Alberta,
Canada. Human-Wildlife Interactions 14: 476-486.

Zhen R, Chu W-W, Hu L, Wu B, Chen G, Chu H-J (2017)
Habitat selection of scent mounts made by Castor fiber
birulai in spring and autumn. Chinese Journal of Ecology
36: 1330-1338.

Zurowski W (1979) Preliminary-results of European beaver
reintroduction in the tributary streams of the Vistula
river. Acta Theriologica 24: 85-91.

SUPPORTING INFORMATION
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