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Abstract: The Scottish Beaver Trial, involving the translocation and release of 16 wild Norwegian beavers

(Castor fiber) to Scotland, provides a good example of a ‘One Health’ scientific monitoring approach, with

independent monitoring partners on ecology and public health feeding into veterinary health surveillance.

Pathogen detection did not prohibit beaver release, although eight beavers were seropositive for Leptospira spp.

Six deaths (37.5%) occurred during Rabies quarantine, followed by the death of two animals shortly after

release and two wild-born kits due to suspected predation. Two host-specific parasites, the beaver fluke

(Stichorchis subtriquetrus) and beaver beetle (Platypsyllus castoris) were also reintroduced.
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The Eurasian beaver (Castor fiber) was once widespread
throughout Britain and is thought to have become extinct
in Scotland by the 16th century due to hunting. In 2008,
the Scottish Government licenced the Scottish Wildlife
Trust (SWT) and the Royal Zoological Society of Scotland
(RZSS) to conduct the Scottish Beaver Trial (SBT), a 5-year
scientific trial reintroduction of the FEurasian beaver,
in Knapdale forest (Latitude: 56.03631934, Longitude:
—5.58656630) on the west coast of Scotland. The choice of
site was made according to ecological suitability with a
contained and short network of river systems minimising
the risk of extensive dispersal of the beavers; broad local
support; land owner permission and practical benefits such
as local offices and visitor facilities (Webb et al. 1997;
Gaywood 2014). Pre- and post-release public consultations
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were held involving all stake holders following Interna-
tional Union for Conservation of Nature (IUCN) reintro-
duction guideline recommendations (IUCN/SSC 2013) and
reported majority public support for the process (SNH
1998; Parker et al. 2000; SBT 2007; Jones and Campbell-
Palmer 2014). In May 2009, eleven beavers (three families)
trapped in Norway were released, followed by another five
individuals (non-family units) released in 2010. Norwegian
beavers were used as a source population as they were
perceived to be taxonomically most representative of what
was formally present in Scotland, with comparable climate
and vegetation (Kitchener and Lynch 2000). Mainland
Norway is also free from pathogens of concern such as
Rabies and Echinococcus multilocularis (Davidson et al.
2010; Wahlstom et al. 2011). This is the first licensed
reintroduction of a wild mammal sourced from outside the

UK and provides a good example of the ‘One Health’
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principle, with the involvement and sharing of information
between biologists, ecologists, veterinarians, local health
departments and other stakeholders. The Research and
Monitoring Co-ordination Group (RMCG) for the SBT
was led by Scottish Natural Heritage (SNH) with a con-
sortium of partners monitoring the socio-economic effects
(Scottish Rural College), impact on habitat (University of
Stirling and James Hutton institute), impact on mammals,
fish and plant ecology (University of Oxford, Argyll Fish-
eries Trust and the University of Stirling), beaver health
(University of Edinburgh) and public health (Argyll and
Bute Council). The group met and reported annually to
SNH, and during the monitoring period veterinary findings
of zoonotic relevance, such as cryptosporidium, were re-
ported directly at biannual stakeholder meetings and to
public health authorities. The health monitoring and
surveillance programme was set up to ensure that rein-
troduced beavers were healthy/fit for release, with no sig-
nificant diseases of risk to livestock, wildlife or to human
health, both at release and during the course of the five-year
trial. The IUCN Guidelines for Reintroduction and other
Conservation translocations (2013), and subsequently the
Scottish Code for Conservation Translocations (2014),
provided guidance for best practice.

The pre-release phase included a 6-month UK statu-
tory rabies quarantine period, full clinical examination
under general anaesthesia and robust disease screening
(Goodman et al. 2012). Although the disease risk analysis
did not follow the guidelines that have since been published
(IUCN/OIE 2014a, b) as they should be in any future
translocation, they did follow the IUCN guidelines at the
time for rodents (Woodford 2000). The potential diseases
of risk incorporated into the pre-release health screening
were based on IUCN guidelines, UK government recom-
mendations (Department of Environment, Food and Rural
Affairs) and public health concerns relating to rabies, gia-
rdiasis and tularaemia. The risk of introducing certain
pathogens, such as rabies and E. multilocularis (which at the
time, no recognised ante mortem diagnostic tests existed,
Gottsetin et al. 2014; Campbell-Palmer et al. 2015), were
minimised by sourcing animals from areas free of such
notifiable diseases. Animals were transported to the UK
following one-month quarantine in Norway and then
placed in specially designated quarantine facilities in the
UK. The UK legislation at the time required imported
beavers to be placed in approved rabies quarantine facilities
for six months. The death of six animals (37.5%) during
this quarantine period with no common cause of death

identified led to a request to the Scottish Government
veterinary advisors to allow for a reduced quarantine per-
iod [under the rabies (importation of dogs, cats and other
mammals) (England) (amendment) order 2004], which
permits the import of rodents to zoos and research insti-
tutes without rabies quarantine. Subsequently, four animals
were imported to Scotland following veterinary certifica-
tion by an official Norwegian Food and Safety (Mattilsynet)
veterinarian declaring them rabies-free (trapped within a
rabies-free area and not exhibiting any clinical signs of
rabies following one-month quarantine in Norway). Post-
release health surveillance by SBT field staff consisted of
regular observations of body condition and behaviour,
annual trapping of individual animals in order to weigh,
assess body condition and collect biological samples (faecal
and blood, if a veterinarian was present).

Faecal samples during pre-release screening were neg-
ative for zoonotic enteric bacterial pathogens. Eight animals
prior to release were seropositive for Leptospira spp. anti-
bodies (serovars L. saxkoebing, L. canicola, L. copenhageni,
L. icterohaemorrhagiae, L. autumnalis and L. javanica). All
the serovars tested are already present in the UK. Two of
these individuals tested seropositive again post-release, one
with seropositivity to two new serovars L. ballum and L.
javanica. The two individuals belonged to two different
families located in separate locations. A previous study in
the Netherlands revealed that leptospirosis was a major
contributor to the cause of death in beaver translocation
(Nolet et al. 1997). None of the animals in this trial had
clinical signs associated with leptospirosis. Neither Giardia
spp. nor Cryptosporidium spp. were detected pre-release,
although one kit born in Scotland tested positive for
Cryptosporidium oocysts on a faecal sample obtained at
post-mortem. No significant increase in the prevalence of
Cryptosporidium oocysts or Giardia cysts were found in any
of the watercourses within the trial site ( ~44 km? area of
land in total) during the course of monitoring (Mackie
2014). Neither was there any related incidence of human
cases of cryptosporidium in the area (Mackie 2014).

Two helminth species were identified in pre- and post-
release faecal screening. Six animals were positive for
Travassosius rufus and/or beaver fluke (Stichorchis subtri-
quetrus). Both these species have been recorded in beaver
reintroductions throughout Europe, particularly the beaver
fluke (Sweden—Ahlen 2001; Czech Republic—Koubkova
et al. 2002; Poland—Dro6zdz et al. 2004; Croatia—Sager
et al. 2005; Slovenia—Vengust et al. 2009). Two kits born
during the trial were also positive for beaver fluke further



indicating that the beaver fluke has completed its life cycle
in the wild, with an aquatic snail as its intermediate host
(Khalil 1922). The animals were not treated for this parasite
as no known effective treatment had been reported in
beavers at the time and it is not deemed pathogenic under
normal circumstances and the fluke is specific to beavers
(Goodman et al. 2011). In addition, it is likely that the
parasite has already been introduced by previous impor-
tation of beavers by landowners and zoological collections,
and has been recorded in wild beavers (outside of the
official trial reintroduction) within the River Tay catch-
ment (Campbell-Palmer et al. 2013). The other parasite
inadvertently reintroduced with the SBT beavers was the
beaver beetle Platypsyllus castoris Ritsema (Duff et al. 2013).

Mortalities have been reported in other beaver rein-
troductions and translocations (Nolet et al., 1997; Bajomi,
2011). In the present study, six animals died during the UK
Rabies quarantine period. One adult female had an infected
anal gland and colitis. No pathogens were isolated from
either organ. Escherichia coli was isolated from the intestine
and liver of a male kit with an inflammatory reaction in the
small intestines. One adult female had a meningitis/en-
cephalitis but no significant bacteria were cultured. An
adult male had osteomyelitis of the coccygeal vertebra
(Arcanobacterium pyogenes isolated) and liver necrosis. In
two individuals, no primary cause could be identified, this
included an autolysed female kit from which no pathogens
were isolated and a juvenile female in poor body condition
with heavy loads of S. subtriquetrus parasitism. It is not
possible to state conclusively whether the quarantine con-
ditions specifically caused the death of these individuals;
but very few animals seemed to thrive during the quaran-
tine process. On average, most beavers lost bodyweight and
condition between their capture in Norway and their
subsequent release in Scotland (Jones and Campbell-Pal-
mer, 2014). Rabies quarantine conditions are challenging
for wild-caught animals. Balancing appropriate husbandry
and environmental conditions favourable for captive bea-
vers (diggable substrate, deep water, large amounts of
browse for lodge construction) with quarantine require-
ments such as waste disposal and daily observations, along
with the close proximity to humans, were most likely
stressful and may compromise immune systems. In the
wild, beavers consume a wide range of plants, and exhibit
seasonal and spatial variations, which are hard to replicate
in captivity. Two animals died shortly after release. One
male died 24 h after release with lung, liver and kidney
congestion suggestive of sub-acute circulatory failure, but
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with no evidence of infection or degenerative disease. The
second, an adult male died several weeks post-release in
poor body condition, most likely due to a failure to adapt
to his new environment, no stomach contents were found.
Autolysis of the carcass prohibited histological and
microbiological examination to determine any other
underlying contributing factors to his death.

A total of fourteen wild-born beavers were recorded.
Two kits (in separate years) were predated, eight went
missing before they were one year old and are almost cer-
tainly dead. In comparison with other reintroductions
(across taxa), post-release mortality, based on known
deaths, was low (Harrington et al., 2015).

The creation of a research and monitoring group
including not only field staff, biologists and ecologists but
also veterinarians and public health officials who assisted
the beaver health monitoring component in several ways.
Access to ecological data and field team observations sup-
ported the interpretation of the animal health data
(Goodman, 2014). It facilitated direct communication be-
tween animal and public health stakeholders when animals
tested positive for zoonotic pathogens such as cryp-
tosporidium. It also eased the approach to governmental
bodies to pragmatically amend policy (such as Rabies Or-
der) and inform the government to allow it to make a
policy decision on the future of beavers in Scotland
(Scottish Natural Heritage, 2015).
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