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INTRODUCTION

Interventional conservation methods, such as translocations 
and reintroductions, have been increasingly employed to 
assist species’ survival and ecosystem restoration (Seddon 
et al. 2014). Whilst there appears to be popular support 

for the concept of wildlife reintroductions, it is important 
to recognise that the way in which these reintroductions 
have taken place has been varied, in terms of method 
and legality. The International Union for Conservation of 
Nature’s (IUCN) ‘Guidelines for Reintroductions and Other 
Conservation Translocations’ and ‘Guidelines for Wildlife 
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ABSTRACT

1.	Eurasian beavers Castor fiber are potential hosts for a range of infectious 
diseases and parasites, including those typical of common European rodents. 
A number of infectious organisms are potentially zoonotic and may be no-
tifiable under animal health legislation. The official trial beaver reintroductions 
to Scotland, the retrospectively licensed releases in England, and the increas-
ingly obvious presence of large numbers of unlicensed illegally released animals 
have highlighted potential disease risks.

2.	We aimed to conduct a disease risk analysis, based on peer reviewed publica-
tions, for selection and health screening of Eurasian beavers prior to release 
into the wild in Britain.

3.	Adapted from the International Union for the Conservation of Nature’s 
‘Guidelines for Disease Risk Analysis’, a four‐step process was used to for-
mulate a disease risk analysis: 1) problem description; 2) hazard identification 
based on literature review; 3) risk assessment, which resulted in categorisation 
of pathogens into low, medium, and high risk; and 4) risk management: 
identification of mitigating measures, followed by risk re‐evaluation in light 
of the reported effectiveness of the mitigation measures.

4.	The highest‐risk pathogens identified in the literature review process included: 
parasites, specifically Cryptosporidium parvum, Echinococcus multilocularis, Eimeria 
spp., Fasciola hepatica, Giardia spp., Trichinella britovi; bacteria, specifically 
Escherichia coli, Franciscella tularensis, Mycobacterium avium, Salmonella spp., Yersinia 
spp.; a fungus Chrysosporium parvum (Emmonsia parva); and terrestrial rabies 
virus. Most could be mitigated by sourcing beavers from Britain. The rest could 
be mitigated by pre‐release testing procedures that are already established.

5.	The risk of introducing significant disease to humans, domestic animals, or 
wildlife by releasing into the wild in Britain a beaver that was captive‐bred 
in Britain or a wild beaver from Scotland, based on the current evidence of 
disease incidence, and assuming the use of robust, peer reviewed, pre‐release 
health screening techniques, can be viewed as low.
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Disease Risk Analysis’ were developed to facilitate and 
improve the success and long‐term acceptance of reintro-
ductions, and are widely accepted to be effective codes 
for best practice (IUCN/SSC 2013, 2014).

The importance of animal health in conservation pro-
grammes is increasingly recognised, as the success of any 
reintroduction can be significantly reduced by infectious 
disease (Viggers et al. 1993, Ewen et al. 2015). Despite 
this recognition, the implementation and development of 
pre‐reintroduction and post‐release veterinary health pro-
grammes (i.e. disease risk analyses and disease surveillance 
programs, respectively) tends to receive less investment 
than other aspects of release projects, such as genetic 
management (Jamieson & Lacy 2012). Pre‐reintroduction 
and post‐release health assessments are recommended, as 
translocated animals can potentially introduce new patho-
gens into the release area (Cunningham 1996, Kock et 
al. 2010).

Driven to virtual extinction throughout Eurasia by the 
fur trade in the 19th century, the Eurasian beaver Castor 
fiber now once again inhabits large tracts of its native 
range, as a result of the cessation of hunting, natural 
expansion from relict populations and proactive transloca-
tion projects (Nolet & Rosell 1998, Halley et al. 2012). 
In over 26 countries in Eurasia there have been more 
than 200 beaver release projects, the histories of which 
are complicated and often lacking in documentation 
(Macdonald et al. 1995, Nolet & Rosell 1998, Halley & 
Rosell 2002, Halley 2011, Halley et al. 2012). Few projects 
have well‐documented health surveillance, disease, and 
mortality figures, with Nolet et al. (1997) an exception.

From a health and biosecurity perspective, beavers have 
historically been considered to present no greater risk to 
human, livestock, or other wildlife health than any other 
native mammal. However, the identification of the zoonotic 
parasite Echinococcus multilocularis in England in a wild‐
caught captive beaver directly imported from Bavaria 
(Barlow et al. 2011) and, more recently, a beaver testing 
positive for the parasite at pre‐release screening (B. 
Gottstein, personal communication) illustrates the risk of 
introducing non‐native parasites and diseases. Although 
intended for conservation purposes, poorly managed beaver 
releases could result in serious health risks and have sig-
nificant consequences, not only for human and animal 
health, but also for public support of future reintroduction 
projects.

Beaver reintroduction to Britain (mainland England, 
Scotland and Wales), where historic evidence of Eurasian 
beavers is apparent, has not been without its contro-
versies, and health risks seem to have attracted particular 
concerns. Reintroduction of the Eurasian beaver is cur-
rently being actively considered in all countries of Britain. 
A trial reintroduction, the Scottish Beaver Trial, was 

carried out in Knapdale, Argyll, from 2010 to 2015. 
This was the first official reintroduction of a mammal 
species to Britain in modern history. Despite recom-
mendations for a more comprehensive process of res-
toration, the return of the beaver to Britain has been 
a haphazard affair, highlighted by the presence of sizeable 
populations (113 active territories; Campbell‐Palmer et 
al. 2018) of beavers from unlicensed releases along the 
Rivers Tay and Earn catchment areas in Scotland, as 
well as pockets of smaller family groups in England 
(e.g. the River Otter, Devon).

Disease risk analysis is a rigorous method used to evalu-
ate whether important health‐related risks are associated 
with a proposed activity, such as the translocation of wild 
animals (Leighton 2002). As part of any responsible re-
introduction programme or trial, pre‐ and post‐release 
health assessments are essential to ensure that health and 
welfare legislation is complied with.

In order to assess the quantitative level of risk associ-
ated with the reintroduction of the Eurasian beaver to 
Britain, a disease risk analysis was performed. We aimed 
to combine historic literature on diseases of the Eurasian 
beaver with more recent literature resulting from disease 
screening as part of the trial reintroduction of beavers to 
Scotland and surveillance of beaver populations elsewhere 
in Britain. The end‐goal of the disease risk analysis was 
to provide efficient and cost‐effective disease prevention 
and mitigation strategies for future reintroductions. The 
framework we used follows the IUCN’s ‘Guidelines for 
Wildlife Disease Risk Analysis’ (IUCN/SSC 2014).

METHODS

Following the IUCN’s ‘Guidelines for Disease Risk Analysis’, 
a four‐step process to formulate the disease risk analysis 
was carried out (IUCN/SSC 2014).

Step 1: problem description

During the official reintroduction of beavers to the wild 
in Scotland (the Scottish Beaver Trial), knowledge of 
which infectious diseases can affect and be transmitted 
by beavers was significantly expanded, but this informa-
tion has still not been fully elucidated (Goodman et al. 
2012, Campbell‐Palmer et al. 2015b, c, d, Goodman et 
al. 2017). Ongoing concerns over possible inadvertent 
introduction of infectious diseases, including zoonoses 
that may adversely affect domestic animals and wildlife, 
have led to a slow‐down on further reintroductions in 
the UK (Barlow et al 2011, Goodman et al. 2017). The 
identification and quantification of risks associated with 
these diseases have been highlighted by central and de-
volved governments in the UK as vital to a pre‐release 
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disease risk analysis, following the IUCN’s ‘Guidelines 
for Disease Risk Analysis’ (DEFRA 2012, IUCN/SSC 2014).

Step 2: hazard identification based on 
literature review

In an attempt to identify all the infectious disease hazards 
associated with a beaver reintroduction, a literature search 
on reported disease in captive and wild beavers was per-
formed with the use of CAB ABSTRACTS, BIOSIS, and 
MEDLINE databases (Woodford 2000, Goodman et al. 
2012). The literature search was focussed on the Eurasian 
beaver, but also took into account diseases reported in 
North American beavers Castor canadensis and other semi‐
aquatic and terrestrial rodents (Order Rodentia), with an 
emphasis on those in the northern hemisphere and Europe. 
This was done in order to cover those diseases which 
theoretically may occur in the Eurasian beaver but which 
have yet to be reported. To ensure coverage of the widest 
range of potential pathogens within the risk assessment 
process, we reviewed just over 700 papers.

Step 3: risk assessment

For each identified hazard, a qualitative risk assessment 
was determined, based on available scientific literature, so 
as to allow ranking of hazards into low‐, medium‐, and 
high‐risk bands (OIE 2012, IUCN/SSC 2014). Each hazard 
was assessed using the following criteria (see Table 1):

1.	Hazard severity – assessed by the severity of the disease 
caused (from subclinical to fatal) in beavers, wildlife, 

domestic animals or humans, and the degree of medical 
intervention required.

2.	Likelihood of occurrence – assessed on the likelihood 
of recrudescence of subclinical disease and the intro-
duction of a novel pathogen, based on whether the 
pathogen had previously been reported in Castor fiber 
(very likely), Castor canadensis (likely) or other semi‐
aquatic/related northern hemisphere rodent species 
(possible), and in all other rodent species 
(unlikely).

After assignment of hazard severity and likelihood of oc-
currence scores, these values are multiplied together to 
obtain the risk band (see Table 1).

Step 4: risk management

For any hazard severity assessed by the above process 
and ranked as low, no further risk management was 
carried out and the overall risk was considered low. For 
all other hazards, risk management strategies were as-
sessed (see Tables 2-6). Management strategies to prevent 
the introduction of pathogens included identification of 
diagnostic testing methods which could produce a high 
degree of sensitivity and specificity (>85%), allowing the 
exclusion of infected beavers from release. The presence 
of the pathogen in Britain was also considered at this 
stage, in order to assess the possible impact of inadvert-
ent pathogen release. If the hazard could be effectively 
excluded through diagnostic testing and/or the pathogen 
is already widespread in Britain, then the post‐manage-
ment risk was considered to be low (see Tables 2-6).

Table 1.  In the risk assessment, scores on a scale of 1–5 for the likelihood of occurrence (top row) and for the hazard severity (left column) were 
multiplied to give the overall hazard severity score, on a scale of 1–25, as shown in the table. Risk bands for pre‐management strategy were allocated 
to the overall score as follows: 1–8: low risk, 9–12: medium risk, 13–25: high risk

↓ Hazard severity

Likelihood of occurrence →

1. Remote (almost 
never)

2. Unlikely (occurs 
rarely)

3. Possible (could 
occur, uncommon)

4. Likely (recurrent 
occurrence episodes)

5. Very likely (occurs 
frequently)

1. Trivial (subclinical or 
no treatment 
required)

1 2 3 4 5

2. Minor (minor 
discomfort, basic 
first aid only)

2 4 6 8 10

3. Moderate 
(short‐term 
treatment)

3 6 9 12 15

4. Serious (supportive 
feeding, intensive 
treatment)

4 8 12 16 20

5. Fatal (single or 
multiple)

5 10 15 20 25
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RESULTS

Results of the hazard identification, risk assessment, and 
risk management steps in the disease risk analysis are 
shown in Tables 2-6.

Haemoparasites

As can be seen from Table 2, no haemoparasites have 
been reported in beavers, leading to low risk bands for 
all hazards (Cross et al. 2012).

Endoparasites

As can be seen from Table 2, the highest‐ranking en-
doparasite hazard is Echinococcus multilocularis, a zo-
onotic parasite of serious health concern that is regarded 
as one of the most pathogenic parasitic zoonoses in 
the northern hemisphere (Eckert et al. 2000, Vuitton 
et al. 2003). Although it is established in many coun-
tries in central Europe, other European countries are 
presently deemed free of this parasite, including the 
UK, which employs strict measures to prevent entry 
(DEFRA 2012). Echinococcus multilocularis has been 
identified in Eurasian beavers from Switzerland, Austria, 
Serbia and, more recently, in a captive imported beaver 
in England (Janovsky et al. 2002, Cronstedt‐Fell et al. 
2010, Barlow et al. 2011, Ćirovic ́ et al. 2012, 
Wimmershoff et al. 2012). Diagnosis of Echinococcus 
multilocularis in intermediate (non‐egg‐shedding) hosts 
such as beavers has historically been via post‐mortem 
examination. Campbell‐Palmer et al. (2015a) found that 
laparoscopic examination combined with ultrasound 
investigation for real‐time diagnosis of Echinococcus 
multilocularis in beavers would allow the direct rapid 
identification of any abdominal lesions. Additionally, 
submission of blood samples for immunoblotting can 
be undertaken to identify early cases, raising combined 
test sensitivity to 85% (Gottstein et al. 2014). It is 
possible to reduce the risk from a low level to a neg-
ligible level by sourcing beavers for British introductions 
from pre‐existing British (predominantly Scottish) free‐
ranging beaver populations that have been shown to 
be free of infection, or to use beavers that were cap-
tive‐bred in the UK (DEFRA 2012, Campbell‐Palmer 
et al. 2015d).

Other endoparasites are either considered non‐pathogenic 
and host‐specific (e.g. Stichorchis subtriquetrus) or are found 
at a low level and may easily be detected by pre‐release 
faecal screening (e.g. Fasciola hepatica, Cryptosporidium 
parvum, Giardia spp.), making their risk band for post‐
management strategy low.

Ectoparasites

As can be seen from Table 3, no ectoparasite has been as-
sociated with significant pathogenicity in Eurasian beavers, 
and all ectoparasites are easily screened for in a pre‐release 
examination, making all risk bands for post‐management 
strategy low.

Bacterial pathogens

As can be seen from Table 4, the most significant bacte-
rial pathogen from a zoonotic aspect is Franciscella tula-
rensis, which is not found in Britain and has only been 
reported sporadically in Eurasian beavers (Mörner 1992, 
Schulze et al. 2016). The use of Eurasian beavers that 
were either captive‐bred or wild‐born in Britain as a source 
population would therefore reduce the risk for this patho-
gen to low (Mörner 1992, Schulze et al. 2016).

Leptospira spp. have been reported regularly in rodents 
and at a low level in beavers. Leptospirosis has been 
associated with Yersinia spp. infections and mortalities 
in Eurasian beavers in one introduction, although whether 
leptospirosis or yersiniosis was the cause of the mortali-
ties was unclear (Nolet et al. 1997). In beavers tested in 
Britain, infection was identified but appeared not to be 
associated with clinical disease (Goodman et al. 2012, 
Campbell‐Palmer et al. 2015b, 2015d). Based on these 
reports, it is theoretically possible that beavers could pose 
a potential source of Leptospira spp. infection to other 
animals, post‐release, but persistent carrier status has yet 
to be demonstrated and seropositivity levels were con-
sidered low. This, combined with the ubiquitous nature 
of Leptospira spp. in Britain, makes the risk of leptospirosis 
associated with Eurasian beaver reintroduction low.

Salmonella spp. have been reported from Eurasian bea-
vers in continental Europe, but not currently from beavers 
anywhere in Scotland (Romasov 1992, Rosell et al. 2001, 
Goodman et al. 2012, Campbell‐Palmer et al. 2015d). 
Pre‐release screening (by faecal culture) and/or using bea-
vers from a captive‐bred or Scottish source reduces the 
risk for post‐management strategy for Salmonella spp.

Other bacterial potential pathogens that have resulted in 
the occasionally reported death of Eurasian beavers include 
strains of Escherichia coli, Yersinia pseudotuberculosis, Yersinia 
enterocolitica, and Mycobacterium avium. Pathogens that have 
been reported in rodent species other than beavers and which 
are potential risks to wildlife and humans include Erysipelothrix 
rhusiopathiae, Brucella spp. and Listeria monocytogenes. All of 
these pathogens have been reported in Britain, and all may 
be screened for in live beavers through faecal culture, poly-
merase chain reaction (PCR) or acid‐fast staining, meaning 
any risk for post‐management strategy is low.
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Fungal pathogens

As can be seen from Table 5, no fungal organism has 
been associated with significant pathogenicity in Eurasian 
beavers with the exception of Chrysosporium parvum 
(now known as Emmonsia parva), which has been re-
ported as the cause of death due to pneumonia in one 
animal in Sweden (Mörner et al. 1999). The organism 
is a ubiquitous soil‐associated occasional pathogen and 
is found in Britain. The straightforward detection of 
infection (significant respiratory disease expected) and 
ubiquitous presence in Britain makes the risk for post‐
management strategy low.

Viral pathogens

As can be seen from Table 6, no viral pathogen present 
in Britain has been associated with significant patho-
genicity in Eurasian beavers. Therefore, ensuring that 
beavers used for British reintroductions have been bred 
in Britain should reduce the risk for post‐management 
strategy to low.

DISCUSSION

As with all translocations, the reintroduction of the Eurasian 
beaver to Britain should show close adherence to Office 
International des Epizooties and IUCN guidelines on the 
quarantine and health screening of animals prior to im-
portation (Woodford 2000). Beavers directly imported from 
mainland Europe without robust health screening may 
present a risk for introduction to Britain of non‐native 
diseases and parasites, namely Echinococcus multilocularis, 
rabies, tularaemia, or specific parasites. Though this can 
be mitigated through pre‐planned sourcing from particular 
regions deemed free from these pathogens, using British 
captive‐bred stock or beavers from the wild in Scotland 
is a simple and effective means to reduce any risk to low 
or negligible.

It is possible that, following release, beavers may acquire 
common wildlife diseases and parasites already present in 
Britain (such as leptospirosis and giardiasis; Gaywood 
2015). It is difficult to ascertain whether this would actu-
ally increase current transmission rates to other wild ani-
mals, domestic livestock, or humans, particularly given 
the ecology and behaviour of beavers. There has been no 
evidence to suggest that beaver reintroduction to Scotland 
has presented any additional health risks (Campbell‐Palmer 
et al. 2015a, 2015b, 2015c, 2015d). Testing of British feral 
beavers (from unknown origins) for a range of parasites 
and diseases has found no evidence of any pathogens that 
may cause an increased risk to human, livestock, or other 
wildlife health (Campbell‐Palmer et al. 2015a, 2015b, 2015c, 

2015d). This mirrors findings by Rosell et al. (2001) in 
the Telemark region of Norway.

The presence of species‐specific parasites (e.g. Stichorchis 
subtrequetrus and Travassosuis rufus) may not produce 
clinical signs in beavers at low infection levels. However, 
at high levels of endoparasitism, these parasites may lead 
to debilitation and, if combined with physiological stress 
associated with a translocation or reintroduction, may lead 
to increased mortality rates in beavers post‐release.

Pre‐release health management and 
screening recommendations

Attempts at previous disease screening protocols for beavers 
in Britain had been developed (Goodman et al. 2012). These 
protocols were applied to beavers released in the official 
Scottish Beaver Trial prior to their release. They were also 
applied retrospectively to feral beavers currently present on 
the River Tay and Earn catchment (Scotland) and on the 
River Otter (England), under license by Scottish and UK 
Governments (Goodman et al. 2012, Campbell‐Palmer et al. 
2015d). These protocols incorporate recommendations for 
reintroductions and translocations of wildlife by the Office 
International des Epizooties and World Conservation Union 
(Woodford 2000). In addition, a number of other diagnostic 
tests were undertaken to address specific concerns raised by 
various stakeholders, particularly relating to livestock diseases, 
including Johne’s disease (Mycobacterium avium subspecies 
paratuberculosis) and bovine tuberculosis (Mycobacterium bo-
vis). All findings have been published (Goodman et al. 2012, 
Campbell‐Palmer et al. 2015a, b, c, d, Goodman et al. 2017).

Any pre‐release assessment should include a veterinary 
clinical examination, including an assessment of body 
condition (Campbell‐Palmer & Rosell 2015). Blood sam-
pling is recommended from the ventral tail vein for as-
sessment of organ function and evidence of immune system 
responses to disease (Girling et al. 2015). Blood smear 
assessment for the presence or absence of haemoparasites 
should also be carried out. Standard parasitology screening 
should be undertaken on faecal samples taken directly 
from the beaver’s rectum. Faecal samples should undergo 
flotation with saturated salt solution for the identification 
of nematodes, coccidia and Giardia spp., and sedimenta-
tion techniques should be used to assess for trematode 
eggs (Fasciola and Stichorchis spp.). Direct microscopy 
enhanced by modified or acid‐fast stains is preferred to 
identify Cryptosporidium spp. Standard microbiological 
culture for bacterial enteric pathogens, including Salmonella, 
Campylobacter, and Yersinia spp. are also useful based on 
European isolates, although no evidence of these pathogens 
has so far been found in beavers in the wild in Britain 
(Goodman et al. 2012, Campbell‐Palmer et al. 2015b, d, 
Goodman et al. 2017).
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Echinococcus multilocularis infection of Eurasian beavers 
has caused considerable interest in the UK, where this 
pathogen does not currently exist in the wild. We recom-
mend that, although testing using a combination of lapa-
roscopy, ultrasound examination and serology (anti‐beaver 
IgG immunoblotting) has an 85% sensitivity, it may be 
preferable to source beavers from the wild in Scotland or 
to use British captive‐bred animals for British reintroduc-
tions, as these animals would not have been exposed to 
the infectious agent (egg sachets passed in the faeces of 
a carnivore; Gottstein et al. 2014, Campbell‐Palmer et al. 
2015a, 2015d).

Testing for Johne’s disease was requested by the Tayside 
Beaver Study Groups’ National Farmers’ Union of Scotland 
representative, and has been performed by means of modi-
fied acid‐fast staining of faecal smears and PCR testing (Scottish 
Agricultural College Consulting Veterinary Services, Scotland’s 
Rural College). No evidence exists currently of the ability of 
Eurasian beavers to act as either a carrier or paratenic host 
to this pathogen and no evidence of the disease has so far 
been found in beavers in Britain (Campbell‐Palmer et al. 
2015a, 2015c, 2015d). For Mycobacterium bovis testing, a 
bronchoalveolar lavage can be performed. This has been car-
ried out in the past in Britain, at the request of stakeholders, 
although the disease has not been reported in beavers. Our 
assessment, based on the available literature, ranks the risk 
of transmission of Mycobacterium bovis as low.

Post‐release health monitoring 
recommendations

The level of post‐release health monitoring should reflect the 
assessed level of risk. As recommended in the IUCN’s ‘Guidelines 
for Reintroductions and Other Conservation Translocations’ 
and ‘Guidelines for Wildlife Disease Risk Analysis’, there should 
be a level of assessment to determine to what extent an es-
tablishing population is experiencing disease, adverse welfare 
conditions or mortality (IUCN/SSC 2013, 2014). Should any 
beavers be found dead, full post‐mortems and collection of 
samples from the body (including samples for histopathology, 
microbiology, endoparasitology, and ectoparasitology) for fur-
ther diagnostic testing should always be carried out. Any evi-
dence of wildlife or domestic animal disease in release areas 
related to those pathogens previously associated with beavers 
should be fully investigated.
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