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Simple Summary: There are many factors that can contribute to disease incursions in wildlife translo-
cation projects. Through a systematic review of conservation translocation projects in literature, we
found that the source of animals, the pathogen type, the host and the lack of disease risk analysis all
contributed to disease as a result of the translocation. We recommend that future conservation translo-
cations conduct comprehensive disease risk analyses and that a mandated database be established
for the protocols and outcomes of all translocations to be published.

Abstract: Although translocation projects have been instrumental in the supplementation or restora-
tion of some wild populations, they also carry a large risk of disease transmission to native and
translocated animals. This study systematically reviewed conservation translocation projects to
identify projects that met the criteria for a translocation significant disease incursion (TSDI), whereby
the translocation resulted in negative population growth rates or the failure of populations to grow
due to an infectious disease—either in the native or translocated species. In doing so, risk factors for
these incidents could be identified. Analysis of the resulting 30 TSDIs demonstrated that there was
equal representation of TSDIs using wild-caught and captive-bred animals. Additionally, the type
of pathogen predisposed in a TSDI was more likely a result of the animal group translocated (e.g.,
fungal pathogens were more likely to be detected in amphibian translocations) and it was nearly
five times more likely for a disease to be encountered by a translocated species than for a disease to be
introduced to a native population. However, there are numerous project-specific predisposing factors
for TSDIs, and therefore it is essential that future translocation projects conduct thorough disease risk
analysis as well as report their outcomes for the benefit of their own and future translocations.
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1. Introduction

In the face of the Anthropocene, society is confronted with the task of conserving
wildlife. To limit and reverse defaunation, it is important to address the drivers of species
decline, including the following: overexploitation, habitat loss and modification, invasive
species and diseases, pollution, and climate change [1]. However, the solutions to each
of these issues are multifactorial, complex, and unlikely to be immediately achievable
considering the number of stakeholders involved [1]. It therefore becomes important to
conserve wild populations in the face of these threats.

For decades, animal translocation has been utilized as a conservation strategy, in
which wildlife can be reintroduced to areas where they have been extirpated, be used to
supplement existing wild populations, or be introduced to new areas. While translocations
have been significant in the reintroduction of many species, including the Eurasian beaver
(Castor fiber) to Scotland [2] and Przewalski’s horse (Equus ferus przewalskii) to China [3],
not all translocations have been successful in establishing self-sustaining populations [4,5].
This has been due to predation, a lack of appropriate food, inappropriate environmental
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conditions, or, as will be the focus of this review, disease [4]. Disease poses a risk to
translocated animals, native animals, and human handlers, and has been the cause of many
conservation projects’ failure [5–8]. It is therefore important to anticipate and mitigate
these disease risks via a ‘disease risk analysis’ [9]. The purpose of this study is to review
the existing literature and determine which risk factors, if any, predispose conservation
translocation projects to disease, including the role of disease risk analysis in these projects.

2. Materials and Methods

A comprehensive literature review was conducted by entering a Boolean search into
the search engines Web of Science [10], Scopus [11], and CAB Abstracts [12] on 25 February
2023 using the following terms: ‘wildlife’, ‘endangered’, ‘animal’, ‘failure’, ‘unsuccessful’,
‘success’, ‘reintroduction’, ‘relocation’, ‘rewilding’, ‘disease’, ‘pathogen’, and ‘parasite’.
The terms were searched for in the titles, abstracts, and keywords. The remaining articles
were reviewed for reports or citations of wildlife translocations. If a particular paper
cited a specific example of a translocation project and a disease incursion but did not
provide sufficient details for the purposes of this study, further research was undertaken to
supplement the information from the initial article.

Project Eligibility

Translocation projects included in this study needed to meet the following criteria:

1. Have ‘essential information’ readily available—whether through the primary article
in the review or supplementary articles that were cited by the primary one. ‘Essential
information’ included the following:

a. The source of the animals to be translocated.
b. The destination of the translocated animals.
c. The year of the translocation.
d. The translocated species.
e. The species affected by disease because of the translocation.
f. The suspected disease or pathogen.

2. Be in any language.
3. Be for the purpose of conservation, where the released animals were intended to either

establish or supplement wild populations.
4. Be any publication type (peer-reviewed or otherwise).
5. Involve an infectious disease, whether officially diagnosed or merely suspected.
6. Meet the criteria for a ‘translocation significant disease incursion’ (TSDI), whether

this occurred following release or in captivity pre-release. A TSDI is hereby defined
as a disease that occurs during or following the translocation of wildlife, whereby the
consequences of which have a long-lasting negative effect on either (i) the translocated
species or (ii) an endemic species at the translocation site. This can include the
failure of the species to become established at the site or negative growth rates of the
affected species.

Translocation projects were excluded from this study if any of the following occurred:

1. The species failed to thrive due to reasons other than disease, i.e., predation, infer-
tility, starvation.

2. The project only translocated plant species.
3. The project occurred prior to the initiation of the IUCN (1948).
4. The project was an experiment studying the suitability of areas for translocation.

Eligible projects were then examined based on the species involved, the agent of
disease (if known), the year of translocation, the location of translocation, the source of
translocated animals, the direction of disease transmission, the suggested risk factors,
and the completed risk analysis. For primary and supplementary papers, the veterinary
qualifications of the authors were also specifically assessed through the listed credentials
and affiliations on the publication.
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All graphs were created using the RStudio ggplot package [13].

3. Results

The initial searches yielded a total of 400 articles, whereby 112 of which were duplicates.
Following the full data review of the remaining articles, 26 articles cited a combined total
of 30 projects that met the required criteria and are available in Appendix A. These projects
are hereby classified as ‘TSDI’. To obtain the information required for the review, a further
18 supplementary articles were accessed.

3.1. TSDI Demographics

The studied projects were a mix of international and domestic projects when the
number of countries involved in the translocation was identified (i.e., source and destination
of the animals). Overall, 26.67% (n = 8) of TSDIs were international translocation projects,
66.67% (n = 20) were domestic, 3.33% (n = 1) were a mix of domestic and international
sources, and 3.33% (n = 1) did not specify this information. Of the projects, 50% (n = 15)
released captive-bred animals and 50% (n = 15) released wild-caught animals.

The temporality of TSDIs was varied when considering the year that the project
commenced; 3.33% (n = 1) took place in the 1950s, 10.00% (n = 3) occurred in the 1970s,
23.33% (n = 7) were conducted in the 1980s, 23.33% (n = 7) took place in the 1990s, 26.67%
(n = 8) occurred in the 2000s, and 13.33% were conducted in the 2010s.

The veterinary qualifications of the authors were mixed, and often indeterminable. Of
the 44 papers, 9 were authored by at least one veterinarian while 11 had no veterinarian in
the listed authors. A further six papers were authored by individuals working in veterinary
faculties, with it being unclear whether they were registered veterinarians or not, and the
veterinary qualifications of the authors of the remaining 18 papers could not be determined.

3.2. TSDI Event

Mammals were the most frequent animal group reported to be affected in TSDIs
(50.00%; n = 15), followed by amphibians (23.33%; n = 7), birds (16.67%; n = 5), reptiles
(6.67%; n = 2), and, finally, fish (3.33%; n = 1), as is indicated in Figure 1. The pathogen class
implicated in the TSDI varied (Figure 1); 29.03% (n = 9) cited a parasitic cause, 25.81% were
believed to be due to bacteria, 25.81% (n = 8) were believed to be due to a fungus, 16.13%
(n = 5) were believed to be due to a virus, and 3.23% (n = 1) had an unknown cause. Four
projects cited multiple pathogens that were believed to have contributed to the TSDI; three
of these only involved one pathogen type (i.e., solely bacterial or solely parasitic), while
one project cited both parasitic and viral involvement.

For the reviewed projects, most TSDIs involved the translocated animals encountering
the disease upon release (76.67%; n = 23), but 16.67% of TSDIs (n = 5) were the result of
animals contracting the infection in captivity prior to their release, 3.33% (n = 1) of TSDIs
were due to the translocated animals introducing disease to native populations at the
translocation site, and 3.33% (n = 1) had an unknown direction of transmission.
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the translocation, whether a parasite (pink), bacterium (green), virus (dark blue), fungus (light blue), 
or unknown (purple). One mammalian TSDI involved both parasitic and viral causes, while the 
remaining mammalian TSDI only involved one pathogen class; therefore, the chart demonstrates 
sixteen mammalian pathogen incursions across the fifteen TSDIs that occurred. 
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Figure 1. A stacked bar chart demonstrating the animal group affected by the TSDI amphibian (n = 7),
bird (n = 5), fish (n = 1), mammal (n = 15), or reptile (n = 2) and the type of pathogen involved in the
translocation, whether a parasite (pink), bacterium (green), virus (dark blue), fungus (light blue),
or unknown (purple). One mammalian TSDI involved both parasitic and viral causes, while the
remaining mammalian TSDI only involved one pathogen class; therefore, the chart demonstrates
sixteen mammalian pathogen incursions across the fifteen TSDIs that occurred.

4. Discussion
4.1. TSDI Risk Factors and Their Mitigation

There are many factors that contribute to disease incursions, which have been sim-
plified into the ‘epidemiological triad’ [14]. In this model, disease transmission relies on
three pillars: the host, the agent (and its vectors), and the environment [14]. The risk factors
of TSDIs have been separated into these three pillars.

4.1.1. Host

For a host to become diseased, it must be susceptible to the agent of the disease. The
host is more likely to become diseased when immunocompromised (i.e., stressed), naïve (i.e.,
individuals that are young or unexposed to the agent), or malnourished [15]. Interestingly,
the proportion of TSDIs that came from captive-bred animals and the proportion that came
from wild-caught animals were equal in this review. This therefore suggests that animals
sourced from the wild remain at a similar risk of disease incursions upon release as animals
that are bred in captivity. This is likely because, whether born in captivity or in the wild,
if the animal is placed in a new environment, it will likely be naïve to the pathogens of
that area [7]. Mammals were responsible for 50% of the TSDIs studied; however, it seems
unlikely that mammals are more susceptible to disease than other animal groups. Instead,
whether mammals are more often translocated and whether their relocations are more likely
to be reported and consequently overrepresented in TSDI studies should be considered [4].

Vaccination can be a valuable strategy to build a host’s immunity to novel pathogens,
although its application in translocations is controversial [16]. Furthermore, while vaccina-
tions can reduce an individual’s disease susceptibility or severity, translocation projects are
still vulnerable to disease incursions. One such example is Yellowstone wolves (Lupus canis).
The project incorporated a comprehensive preventative health program in which all translo-
cated wolves were vaccinated against canine parvovirus, canine distemper virus, canine
adenovirus 1, leptospirosis, and canine parainfluenza virus, as well as treated with iver-



Animals 2023, 13, 3379 5 of 15

mectin, an anthelmintic [17,18]. Despite this, in the canine distemper outbreaks of 1995 and
2005, the Yellowstone populations suffered negative growth rates as the wild-born off-
spring of the translocated wolves were unvaccinated and therefore susceptible to this
disease. However, the prevention of any mortality events and TSDIs in translocations,
while ideal, is not always achievable [19]. Moreover, such incidents may not be detrimental
to the overall success of the translocation. Therefore, preventative health regimes can be
useful in allowing enough individuals to survive the outbreak. This was the case in the
Yellowstone wolves which, despite the negative population growth in 1995, are currently
an established population.

While the host’s exposure to pathogens is a vital predictor of susceptibility to disease [7],
the influence of stress during translocation upon the incidence of disease cannot be un-
derestimated [15]. Stress-induced immunosuppression was hypothesized to contribute to
the development of yersiniosis and leptospirosis in beavers (Castor fiber) released in the
Netherlands, as well as the development of yersiniosis in water voles released in the United
Kingdom [20,21].

Ultimately, to maximize the health of all animals involved, it is critical to ascertain the
diseases that may be harboured by the host and established populations and take appropri-
ate measures to prevent disease, i.e., deworming, vaccination, selecting immunotolerant
animals, low-stress handling, and controlled pathogen exposure [5,6,22]. Notably, this
regime will be different for each translocation, where the inclusion of each component is
decided through a risk–benefit analysis. For example, not all conservationists advocate for
deworming protocols due to the risk of a fatal re-infestation and the potential for significant
effects on the gut microbiome [23]. Crucially, researchers must consider the long-term
effect of any interventions and if they will be sufficient for the overall establishment of
the population, as in the Yellowstone wolves. In doing so, researchers can release animals
that are less stressed and more immunocompetent and and healthy, thereby building their
long-term resistance to pathogens that they may encounter [5,6]. Such actions should also
protect native species due to the reduced pathogen shedding of released animals [7].

4.1.2. Pathogens and Vectors

Naturally, the presence of pathogens and their vectors is a significant contributor to
the transmission of disease. This review indicated that there was a similar proportion of
TSDIs involving bacteria, parasites, and fungi, but it was less for viruses. However, the type
of pathogen likely to lead to a TSDI seemed to be related to the animal group affected. For
example, an amphibian TSDI was more likely to be caused by fungi, whereas a mammalian
TSDI was more likely to be caused by parasites or bacteria (Figure 1). It therefore becomes
important to anticipate and prevent common, species-specific agents rather than attempt to
eliminate all diseases [9]. In doing so, the preventative health measures can be refined to
target agents that are of the greatest concern, allowing for a more prudent use of resources
and reducing the potential for disease.

However, even when researchers successfully predict the pathogen type likely to
hinder a translocation, their strain and pathogenicity must also be ascertained. For example,
11 of the 26 Bighorn sheep (Ovis canadensis) translocated to the United States of America in
2015 died of pneumonia. These sheep had been vaccinated against Mycoplasma spp. but
encountered a different strain (Mycoplasma ovipneumoniae) upon release, and therefore were
susceptible to disease [24,25].

In the pursuit of comprehensive knowledge of the threats to animals in a translocation,
researchers should utilize diagnostics both before, during, and after the release of wildlife,
including the following: clinical examinations by qualified veterinarians, radiology, faecal
examinations, haematology, serology, serum biochemistry, and necropsies, where appro-
priate [5,6,9]. Projects should also aim to report or publish their findings so that future
researchers can anticipate the pathogens of concern. Furthermore, there should be compre-
hensive ecological studies on the proposed translocation sites so that potential vectors of
disease can be identified.
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4.1.3. Environment

Environmental conditions also play a large role in the ability of a pathogen to cause
disease. This is particularly clear given that more than 76% of TSDIs occurred due to
translocated animals encountering disease upon release. As such, for researchers to appre-
ciate the risk to translocated animals, disease surveillance of native populations should
be conducted and reported on. Importantly, for TSDIs where the translocated species
encountered the disease, not all articles commented on the native species. Therefore, the
introduction of disease to native populations cannot be ruled out, especially given the lack
of evidence of projects monitoring native species following the translocation.

The presence of asymptomatic carriers or contaminated waterways can be detri-
mental to the success of a translocation. One such case is the translocation of 27 alala
(Corvus hawaiiensis) to Hawaii. Following their release, five died of toxoplasmosis and an
additional number of animals were ‘sick’, with no official diagnosis being made [26]. The
infections were suspected to be the result of the alala ingesting food contaminated by feral
cats infested with Toxoplasma spp.

However, factors like humidity, temperature, population density, and pathogen load
should also be assessed, as they can be crucial to the immunocompetence of animals
and the viability of environmental pathogens. For instance, temperature was noted to
affect the prevalence of Lernaea cyprinacea infestations in translocated Razorback suckers
(Xyrauchen texanus) and Colorado squawfish (Ptychocheilus lucius), which contributed to
the failure of these populations to become established [27].

Similarly, despite numerous attempts to reintroduce certain frog species in Aus-
tralia, few have been successful due to the fungi Batrachochytrium dendrobatidis and
Batrachochytrium salamandrivorans being ubiquitous in the environment. These two pathogens
accounted for all amphibian TSDIs in this study and indicated that, as best as researchers
may try, pathogens cannot be eliminated from the translocation site. Instead, it should be
determined as to whether a proposed site of translocation is suitable at all, or if there are
potential strategies available to increase an individual’s resilience to disease. For example,
recent experiments revealed that environmental salinity protected amphibians against
chytridiomycosis [28]. Therefore, in evaluating the intended translocation site’s ecological
compatibility for the species and for diseases of concern, there may be improved outcomes
for these projects.

4.2. The Importance of Disease Risk Analysis

Clearly, disease can greatly influence the outcome of translocations and therefore can
significantly impair conservation attempts [9]. As such, for a translocation to occur, it
should become mandatory for researchers to complete a disease risk analysis (DRA) in
accordance with the IUCN prior to the commencement of a project. The IUCN ‘Guidelines
for Wildlife Disease Risk Analysis’ [29] provide a framework in which to identify risk
factors for disease exposure and transmission within a wildlife translocation project, as
well as their potential management (Figure 2). These guidelines have only been available
since 2014 and therefore were only available to 1 of the 30 TSDIs. Despite this, veterinarians
are trained in the prevention of disease transmission [9,30] and could have been beneficial
to translocation projects before formal instructions became available, yet only 9 of the
44 papers reviewed could be confirmed to be authored by at least one veterinarian. There-
fore, the absence of animal health specialists and lack of industry guidance to conduct even
an informal DRA could both predispose a project to a TSDI. As such, future translocations
must involve direction from the IUCN guidelines and advice from veterinarians, among
other professionals.
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In the reviewed literature, most of the projects did not offer details of any risk analysis
completed or any attempts to mitigate disease risks. Whether this is because a DRA was
completed but not reported or communicated to the readers or because no DRA steps
were taken is unknown. Where details were available, the projects had varying degrees
of a DRA. This included some studies having knowledge of specific pathogens that may
be encountered [17,18,31–34], vaccination [17,24,25,32], anthelmintic treatment [17,35],
quarantine [32,35], pathogen testing [36], and veterinary examination [17,35,37].

In this study, 66% of TSDIs were domestic projects, thereby suggesting that transloca-
tions within the same country are more vulnerable to disease than international projects,
which only accounted for 26% of TSDIs. Political and financial factors are major barriers to
translocations [38], which may be considered to be greater in international projects. As a
result of the greater ‘stakes’ of such projects, international translocations may be more likely
to incorporate a DRA and therefore have fewer TSDIs. However, it should be considered
as to whether domestic projects have a degree of complacency in whether native animals
or habitats are ‘safe’, and therefore inadequate pre-release assessments are conducted.
Although neither theories can be validated, they both emphasize the need for thorough
disease risk analyses. In doing so, the potential for project success will be strengthened,
irrespective of the species or the sites involved.

For example, in the reintroduction of the Eurasian beaver (Castor fiber) to Scotland,
researchers identified the potential diseases that the beavers could transmit to wildlife,
livestock, and humans upon release as well as assessed the risk of the beavers becoming
infected with native diseases [2]. In considering the risk of diseases like tularaemia, rabies,
and Echinococcus multilocularis, the researchers quarantined the beavers prior to their release,
and during which they were screened for the diseases and parasites of concern. Post-release
monitoring and public health surveillance indicated that the risk of disease from the
translocation was negligible [2].
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Notably, the completion of a DRA does not guarantee a disease-free translocation.
In 2011, five European bison (Bison bonasus) were translocated from Poland to the Czech
Republic. These bison were quarantined for 18 months, tested for parasitic infestations,
and treated with anthelmintics. Despite their best efforts, the researchers postulated that
the bison introduced Ashworthius siderni to native wild ruminants. It was hypothesized
that this parasite could not be detected in quarantine as the A.sidemi undertook hypobiosis
and it therefore was not excreted in the bison’s faeces and could not be tested [39]. In
contrast, even if some form of a DRA is completed, the results may not be heeded. Prior to
the release of Bongos (Tragelaphus eurycerus) in 2004, a feasibility study was undertaken,
and experts recommended against the project taking place due to the significant disease
risks anticipated. However, this advice was ignored and 5 of the 18 translocated Bongos
died [5,7].

Therefore, while a DRA by no means prevents a TSDI, one should still be completed
prior to all translocations—preferably with the assistance of a qualified veterinarian. Ad-
ditionally, there should be careful consideration for non-infectious hazards that may pre-
dispose disease incursions or directly impede the establishment of populations through
infertility or mortality [9,29]. This can include toxic, genetic, nutritional, handling, in-
frastructural, and metabolic factors, which should all be accounted for when conducting
a DRA [29]. For example, multiple TSDIs cited the role of stress-induced immunosup-
pression in their respective disease incursions [20,21,32], and if the non-infectious factors
that contribute to stress had been better understood and mitigated, the TSDI could have
been avoided.

4.3. Further Recommendations

Identifying TSDIs in this systematic review was challenging, largely due to the insuf-
ficient project details available, in both primary and secondary sources. This highlights
the importance for a systematic restructuring of the reporting process for translocation
projects. As such, we recommend that, for the benefit of future translocations and other
researchers, a formal, international database should be developed so that the procedures
and outcomes of a particular translocation are publicly available. Within both this database
and subsequent journal publications of the translocation, the following should be provided:
the year of translocation, the translocated species, the source of the translocated species, the
number of individuals translocated, the translocation site, the reason for translocation, the
completed disease risk analysis (including the mitigation measures taken), the monitoring
completed after release (including frequency of observation, the diagnostic tests used, and
interventions), and the outcome of the project (including the population and reproduc-
tive rates of the translocated species, as well as the morbidity and mortality of both the
translocated species and any native species that are believed to have been impacted by
the translocation).

Moreover, while there are some suggested criteria to indicate a project’s ‘success’ [19],
these do not appropriately assess disease incursions which have the potential to produce
significant morbidities. Furthermore, even with these available criteria, projects still cannot
be appropriately characterized as a ‘success’ or a ‘failure’ when the provided project details
are incomplete. To allow for the appropriate assessment of disease in a translocation
project, criteria should be developed that can effectively determine what level of disease at
a translocation site is considered to be ‘significant’.

4.4. Limitations

In conducting this review, it was difficult to authenticate projects cited in the assessed
literature. These included projects with unsatisfactory information available (whether
through the primary source or supplementary sources) and the use of anecdotal evidence.
Consequently, 12 projects could not be included in the final review and thereby a true
representation of the risk factors for a TSDI is limited.
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Additionally, in discussion with professionals involved in conservation, many translo-
cations occur without the project being reported or published in journals (Warne pers
comm). For those that are reported, post-release monitoring is not always completed and
therefore the number of TSDI is likely vastly underestimated [19]. Accordingly, the small
number of TSDI does restrict the generalizability of the results and their interpretations.

The obtained dataset only included cases that explicitly stated ‘disease’ as the cause of
TSDI. However, as disease can predispose other causes of projects failing to establish healthy
populations (predation, malnutrition, reproductive failures) it may be under-reported as a
contributing cause. TSDI is most likely multifactorial, and therefore identifying its causes
depends on the extent of investigation conducted within projects. Whether ill-health from
infectious disease predisposed secondary biological problems eventually leading to the
failure could not be ascertained.

This study did not assess the spatial or temporal influences upon disease incur-
sions, both of which could affect TSDI incidence. The validity of diagnoses within
these projects is also questionable given projects may have relied upon diagnostic tests
(ELISA, PCR) or might have utilized more subjective measures (i.e., clinical examination,
post-mortems, suspicion).

5. Conclusions

This investigation has highlighted that it is crucial that future translocation projects
collaborate with relevant fields of expertise—including but not limited to—ecology, epi-
demiology, zoology, virology, and bacteriology, to conduct a comprehensive risk analysis
to maximize the potential for success. It is also vital that all future projects collate and
publish all data in relation to the studies, irrespective of their outcome, to guide subsequent
endeavors. To maximize data collection and ongoing monitoring, investment into the
development of surveillance technology is paramount. In focusing on these improvements,
we welcome all researchers and stakeholders into the conversation, to learn, to improve
and to build a world with thriving wildlife at its surface and ‘One Health’ at its core.
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Appendix A. Total TSDI Collected from the Systematic Literature Review

Table A1. Details of the TSDI collected from the systematic literature review, including the year the project commenced, the species that was translocated, the
direction of disease transmission, any listed native species that were affected by the translocation, the source of translocated animals, the destination of the
translocated animals, the disease/pathogen suspected or diagnosed and both primary and supplementary references used in the review of the translocation.

Year Project
Commenced

Species
Translocated

Direction of
Transmission

Species Affected
(If Was not the
Translocated)

Source of
Animals

Destination
of Animals

Disease/Pathogen Suspected or
Diagnosed References

1 1995 Grey wolf (Canis
lupus) E N/A Canada

(W/C) USA

Canine Parvovirus (V)
Canine adenovirus-1 (V)
Canine hepatitis virus (V)
Canine Distemper Virus (V)
Mange (P)

[17,18,31,32]

2 1979 Bighorn sheep (Ovis
canadensis canadensis) E N/A USA (W/C) USA Bacterial Pneumonia (B) [17,35,37]

3 1978 Whooping Crane
(Grus americana) C N/A USA (C/B) USA Disseminated visceral coccidiosis (P) [6,40,41]

4 ~1971

Moose (Alces alces
americana) &
Caribou (Ranifer
tarandus)

E N/A Norway (W/C) Canada Meningeal worm (Paralaphosstrongylus
tenuis; P) [6,32,42]

5 1954 Elk (Cervus
candensis) E N/A USA (W/C) USA Arterial worm (Elaeophora schneideri; P) [6,32,43]

6 1994 Stitchbird (Notiomystis
cincta) E N/A New Zealand

(W/C)
New
Zealand Aspergillosis (F) [44,45]

7 2011 European bison (bison
bonasus) I Wild ruminants Poland (W/C) Czech

Republic Ashworthius siderni (P) [39,46]

8 1981

Razorback sucker
(Xyrauchen texanus)
&
Colorado squawfish
(Ptychocheilus lucius)

E N/A USA (C/B) USA Lemaea cyprinacea (P) [27,31,47]

9 1988 Beavers (Castor fiber) U N/A Germany (W/C) Netherlands Yersiniosis (B)
& Leptospirosis (B) [32]
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Table A1. Cont.

Year Project
Commenced

Species
Translocated

Direction of
Transmission

Species Affected
(If Was not the
Translocated)

Source of
Animals

Destination
of Animals

Disease/Pathogen Suspected or
Diagnosed References

10 2005 Green and Golden
Bell Frog (Litoria aurea) E N/A Australia (C/B) Australia Chytridiomycosis (F) [31,48–51]

11 1998 Green and Golden
Bell Frog (Litoria aurea) E N/A Australia (C/B) Australia Chytridiomycosis (F) [48,52]

12 2013 Alpine Tree Frog
(Litoria verreauxii) E N/A Australia (C/B) Australia Chytridiomycosis (F) [33,34]

13 2010 Growling grass frog
(Litoria raniformis) E N/A Australia (W/C) Australia Chytridiomycosis (F) [34,53]

14 2008
Southern corroboree
frog (Pseudophryne
corroboree)

E N/A Australia (C/B) Australia Chytridiomycosis (F) [34,54]

15 2008 Booroolong frog
(Litoria booroolongensis) E N/A Australia (C/B) Australia Chytridiomycosis (F) [34,55]

16 1997
Southern corroboree
frog (Pseudophryne
corroboree)

E N/A Australia (C/B) Australia Chytridiomycosis (F) [34,54]

17 2004 Bongo (Tragelaphus
eurycerus isaaci) E N/A USA (C/B) Kenya Theileriosis (P) [5,7]

18 2006

Black rhino (Diceros
bicornis)
&
White rhino
(Ceratotherium simum)

E N/A Kenya (W/C) Kenya Trypanosomiasis (P), Tsetse (P), Theileriosis
(P) & ticks (P) [7,31,56]

19 2004 Laysan ducks (Anas
lysanensis) E N/A USA (W/C) USA Botulism (B) [26,57]

20 1993 Alala (Corvus
hawaiiensis) E N/A USA (C/B) USA Toxoplasmosis (P) [26,57]
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Table A1. Cont.

Year Project
Commenced

Species
Translocated

Direction of
Transmission

Species Affected
(If Was not the
Translocated)

Source of
Animals

Destination
of Animals

Disease/Pathogen Suspected or
Diagnosed References

21 1990 Bonobo (Pan paniscus) C N/A N/A (C/B)
Democratic
Republic of
Congo

Encephalomyocarditis virus (V) [58]

22 2015 Bighorn sheep (Ovis
canadensis) E N/A Canada (W/C) USA Mycoplasma ovipneumoniae (B) [24,25]

23 1985 Black-footed ferret
(Mustela nigripes) C N/A USA (W/C) N/A Canine Distemper Virus (V) [6,59–61]

24 1984 Whooping Crane
(Grus americana) C N/A USA (C/B) USA Eastern Equine Encephalitis virus (EEE) [6,8,59,62]

25 1987
Eastern Box Turtle
(Terrapene carolina
carolina)

E N/A USA (W/C) USA U [63,64]

26 2008
Eastern Box turtles
(Terrapene carolina
carolina)

E N/A USA (W/C) USA Ranovirus (V) [65]

27 2007 Water voles (Arvicola
amphibious) E N/A UK (C/B) UK Leptospirosis (B) [21]

28 1989 Arabian oryx (Oryx
leucoryx) C N/A Unknown

(C/B) Saudi Arabia Tuberculosis (B) [8,66]

29 1999 Canada lynx (Lynx
canadensis) E N/A Canada & USA

(W/C) USA Yersiniosis (B) [67,68]

30 1980 Bighorn sheep (Ovis
canadensis californiana) E N/A USA (C/B) USA Bacterial pneumonia (B) [17,35,37]

B = Bacteria, C = captivity, C/B = captive-bred, E = encountered, F = fungus, I = introduced, P = parasite, U = Unknown, UK = United Kingdom, USA = United State of America,
V = virus.



Animals 2023, 13, 3379 13 of 15

References
1. Young, H.S.; McCauley, D.J.; Galetti, M.; Dirzo, R. Patterns, causes, and consequences of anthropocene defaunation. Annu. Rev.

Ecol. Evol. Syst. 2016, 47, 333–358. [CrossRef]
2. Gaywood, M.J. Reintroducing the Eurasian beaver Castor fiber to Scotland. Mammal. Rev. 2018, 48, 48–61. [CrossRef]
3. Xia, C.; Cao, J.; Zhang, H.; Gao, X.; Yang, W.; Blank, D. Reintroduction of Przewalski’s horse (Equus ferus przewalskii) in Xinjiang,

China: The status and experience. Biol. Conserv. 2014, 177, 142–147. [CrossRef]
4. Soorae, P.S. Global Reintroduction Perspectives: Case Studies from around the Globe; xiv + 286; IUCN/SSC Reintroduction Specialist

Group: Gland, Switzerland; Environment Agency: Abu Dhabi, United Arab Emirates, 2018.
5. Kock, R.; Soorae, P.; Mohammed, O. Role of veterinarians in re-introductions. Int. Zoo Yearb. 2007, 41, 24–37. [CrossRef]
6. Viggers, K.L.; Lindenmayer, D.B.; Spratt, D.M. The importance of disease in reintroduction programs. Wildl. Res. 1993, 20,

687–698. [CrossRef]
7. Kock, R.A.; Woodford, M.H.; Rossiter, P.B. Disease risks associated with the translocation of wildlife. Rev. Off. Int. Epizoot. 2010,

29, 329–350. [CrossRef]
8. Woodford, M.H.; Rossiter, P.B. Disease risks associated with wildlife translocation projects. Rev. Off. Int. Epizoot. 1993, 12, 115–135.

[CrossRef]
9. Hartley, M.; Sainsbury, A. Methods of disease risk analysis in wildlife translocations for conservation purposes. EcoHealth 2010,

29, 329–350. [CrossRef]
10. Clarivate. Web of Science Core Collection; Thomson Reuters: New York, NY, USA, 2023.
11. Elsevier. Scopus. London, UK. 2023. Available online: https://www.scopus.com/sources (accessed on 25 February 2023).
12. CAB abstracts. New York, NY: Thomson Reuters. 2023. Available online: https://www.webofscience.com/wos/cabi/basic-

search (accessed on 25 February 2023).
13. Wickham, H. Ggplot2: Elegant Graphics for Data Analysis; Springer: New York, NY, USA, 2016.
14. Last, J.M. Dictionary of epidemiology. Can. Med. Assoc. J. 1993, 149, 400. [CrossRef]
15. Louten, J. Virus transmission and epidemiology. Essent. Hum. Virol. 2016, 71, 71–92.
16. Beck, B.B.; Rapaport, L.G.; Price, M.S.; Wilson, A.C. Reintroduction of captive-born animals. In Creative Conservation: Interactive

Management of Wild and Captive Animals; Springer: Berlin/Heidelberg, Germany, 1994; pp. 265–286.
17. Almberg, E.S.; Cross, P.C.; Dobson, A.P.; Smith, D.W.; Hudson, P.J. Parasite invasion following host reintroduction: A case study

of Yellowstone’s wolves. Philos. Trans. R. Soc. B Biol. Sci. Philos. 2012, 367, 2840–2851. [CrossRef] [PubMed]
18. Smith, D.W.; Bangs, E.E. Reintroduction of Wolves to Yellowstone National Park: History, Values and Ecosystem Restoration. In

Reintroduction of Top-Order Predators; Wiley-Blackwell: Hoboken, NJ, USA, 2009; pp. 92–125.
19. Jule, K.R.; Leaver, L.A.; Lea, S.E.G. The effects of captive experience on reintroduction survival in carnivores: A review and

analysis. Biol. Conserv. 2008, 141, 355–363. [CrossRef]
20. Nolet, B.; Broekhuizen, S.; Dorrestein, G.; Rienks, K. Infectious diseases as main causes of mortality to beavers Castor fiber after

translocation to The Netherlands. J. Zool. 1997, 241, 35–42. [CrossRef]
21. Gelling, M.; Zochowski, W.; Macdonald, D.W.; Johnson, A.; Palmer, M.; Mathews, F. Leptospirosis acquisition following the

reintroduction of wildlife. Vet. Rec. 2015, 177, 140. [CrossRef] [PubMed]
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