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provided by Nadine Lamberski, Kimberleigh Field, Roy Averill-Murray, Jay Johnson, Jerry
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INTRODUCTION

Many factors may influence the success of wildlife translocations, including presence of
threats that may have caused the original decline of the target population; habitat,
demographic, and biophysical constraints; genetic mixing and outbreeding depression;
social structure; movement and settlement rates; and disease transmission (Berry 1986,
Burke 1991, Dodd and Seigel 1991, Reinert 1991, Murphy et al. 2007). This document
specifically addresses disease issues associated with the translocation of Mojave desert
tortoises (Gopherus agassizii). Other considerations about translocation of desert tortoises,
including assessing suitability of recipient sites and translocation techniques, are
addressed in a separate document (U.S. Fish and Wildlife Service [USFWS] 2012a, currently
under revision). Combined, these documents guide management decisions and are
essential pieces of what will become a population augmentation strategy for the species.

The use of translocation in both conflict-driven and conservation-driven contexts requires
scrutiny, justification, and adherence to practices that reduce risk and increase chances of
success. This document presents the results of a qualitative disease risk analysis for Mojave
desert tortoise translocations. To evaluate disease risks, we conducted an assessment using
the process described in the Guidelines for Wildlife Disease Risk Analysis (OIE and IUCN
2014) and the Manual of Procedures for Wildlife Disease Risk Analysis (Jakob-Hoff et al.
2014a), both of which were in draft at the time of our assessment. Infectious agents
assessed were those known at the time of the workshop. Agents recognized after the
workshop, but prior to completion of this report, are included in Appendix 1.

When planning for the assessment, we carefully considered the composition of the
workgroup that would participate in the in-person workshop. Among the considerations
were group size, individuals with key information/skills, and group dynamics (Jakob-Hoff
et al. 2014b). The workgroup included an existing group, the Desert Tortoise Science
Advisory Committee’s Disease Workgroup. Intentionally, several prominent disease and
epidemiology experts with experience in desert tortoises were not invited to take part in
the workshop, as we wanted people from this specific area of expertise to be able to
provide critical review of our process and decisions. Unfortunately, we did not approach
these individuals regarding this role prior to conducting the workshop and there was
dissatisfaction and disinterest expressed by some individuals in assisting with the
assessment as critical reviewers. We strongly suggest contacting all desired participants at
the outset, especially when there are known interpersonal, professional, and/or political
tensions among key individuals.

Background

Mojave desert tortoise population declines—The Mojave desert tortoise is native to the
highly variable environment of the deserts of the southwestern United States. Beginning in
the 1970s, data at local levels suggested appreciable declines in many areas (USFWS 1980,
Berry 2003, Berry and Medica 1995, Tracy et al. 2004). While portions of the population
were given federal protection as early as 1980, the entire Mojave population of desert
tortoises (located north and west of the Colorado River in Arizona, Utah, Nevada, and
California) was protected across its range through listing as a Threatened species under the




U.S. Endangered Species Act on April 2, 1990 (USFWS 1990). The population that was listed
is now recognized as a separate species from those tortoises living south and east of the
Colorado River in Arizona and parts of Mexico (Murphy et al. 2011).

In the western portion of its range, where sufficient data were available for examination,
the downward trend in populations was determined to be ongoing well after its listing
(Tracy et al. 2004). More recently, data from the ongoing range-wide monitoring program
confirm that these declines in adult abundance continue in the Western Mojave and are
part of a larger pattern of declines involving four of the five recovery units (USFWS 2014).
The vast majority of threats to the Mojave desert tortoise and its habitat are associated
with humans (USFWS 20114, Darst et al. 2013). Among others, these threats include
collection from the wild, unauthorized breeding as pets, and unauthorized release or
escape of captive tortoises to the wild. A large captive population, which likely numbers in
the tens of thousands and dates prior to listing under the Endangered Species Act and
enactment of State regulations, poses risks associated with transfer of disease to wild
populations (USFWS 2011a).

Suspected role of Mycoplasma agassizii infections—Disease was suspected to play a role in
desert tortoise population declines (USFWS 1990, Berry 1997). In particular, signs of an

upper respiratory tract disease seemed to be increasing, as did loss of marked animals
previously noted to have signs of respiratory disease (USFWS 1990). Scientists cautioned
that more research was needed to determine what role various agents might play in the
observed disease, but bacteria from two genera, Mycoplasma and Pasteurella, were
suspected to be causative (Jacobson and Gaskin 1990, as cited in USFWS 1990). Subsequent
research implicated Mycoplasma agassizii as the most important causative agent in the
observed upper respiratory disease, and Koch'’s postulates were satisfied (Brown et al.
1994). The population-level effects remain difficult to assess. A second agent, Mycoplasma
testudineum, has been identified, but additional research is needed to better understand its
pathogenicity (Jacobson and Berry 2012). Systemic diseases, such as mycoplasmosis, may
also negatively affect keratinization processes of the shell (Homer et al. 2001). As with
most diseases, other factors such as stress and inadequate nutrition that compromise the
overall health of an individual likely increase susceptibility (Keusch 2003, Sandmeier et al.
2009). Environmental contaminants (such as arsenic and mercury) and drought are two
external factors that are thought to affect the desert tortoise’s susceptibility to Mycoplasma
infection and the development of disease (Jacobson et al. 1991, Christopher et al. 2003,
Seltzer and Berry 2005). See Sandmeier et al. (2009) and Jacobson et al. (2014) for reviews
of information on mycoplasmosis.

Initial risk mitigation for Mycoplasma—Early efforts to mitigate risk of Mycoplasma
infection were focused on minimizing spread of the pathogen through disinfection of field
gear and reducing the possibility of intentionally released or escaped tortoises from
captivity (pets) or holding facilities spreading infection to wild tortoises. In California,
facilities that included large pens to acclimate former captive tortoises to desert conditions
prior to release by state officials (see Murphy et al. 2007) were no longer in operation by
this time. However, head-starting facilities, where eggs from wild tortoises were hatched
and the young held in group rearing pens, were beginning operation (Morafka et al. 1997).
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The California Turtle and Tortoise Club, with its numerous chapters, assisted with
management of the pet population through an adoption program, registration of pets with
the state wildlife agency, and education to dissuade the release of former pets by the public.
Nevada and Utah had holding facilities that accumulated both wild tortoises removed from
harm’s way and former captives, with the facility in Nevada being of much larger scale than
that in Utah. Nevada'’s Desert Tortoise Conservation Center (DTCC) and associated transfer
and holding facility near Las Vegas included a free hotline and pick-up service in an attempt
to prevent the public from releasing unwanted tortoises into the wild. In Utah, keeping
tortoises as pets within its native range was banned. Both facilities used an enzyme-linked
immunosorbent assay (ELISA) that tested for M. agassizii-specific antibodies in tortoise
blood serum (Schumacher et al. 1993) to identify exposed tortoises. At the DTCC, the
USFWS permitted euthanasia of tortoises that showed clinical signs of disease or tested
positive for exposure to M. agassizii as shown through the ELISA test (USFWS 1996). At the
Temporary Care Facility (TCF) in Utah, ELISA-positive tortoises were maintained (i.e., not
euthanized) in a separate section of the facility.

Beginning in 1997, tortoises with negative ELISA tests but little assessment of health or of
suitability for translocation were allowed to be released from the DTCC to the newly
designated Large-Scale Translocation Site (LSTS) (RECON 1996). The LSTS is an
approximately 100-km? area enclosed by tortoise-exclosure fencing and rugged
topography near Jean, Nevada. The LSTS provided an outlet for tortoises accumulating at
the DTCC and allowed for experiments into the efficacy of translocation as a conservation
tool where both short-term (Field et al. 2007) and long-term (USFWS in prep.) evaluation
could be done. Since 1999 in Utah, ELISA-negative and clinical sign-free tortoises of wild
origin have been translocated to Zone 4 of the Red Cliffs Desert Reserve near St. George
after temporary holding at the TCF (McLuckie et al. 2012). Zone 4 is an approximately 21-
km? area bounded by tortoise-exclosure fencing, the Virgin River, and the northern limits
of the species’ range (Washington County Commission 1995).

Euthanasia of ELISA-positive tortoises at the DTCC continued for nearly a decade until
2007. At that time, the USFWS formally recognized that the M. agassizii ELISA result alone
indicated exposure to the organism but gave no indication of a tortoise’s current health or
disease status, and the policy of euthanizing tortoises at the DTCC based on that single test
result was terminated. ELISA-positive tortoises were then held in pens together, to remain
in captivity until new recommendations could be developed to direct their disposition.
Since 2009, when San Diego Zoo Global joined the partnership for operation of the DTCC,
tortoises with clinical signs of upper respiratory tract disease (regardless of ELISA status)
were treated with antibiotics (see Wendland et al. 2006 for how to manage upper
respiratory disease in chelonians and Lamberski et al. 2014 for examples of antibiotics
used). Those that were in poor body condition, exhibited moderate to severe signs of
respiratory disease, had recurrent episodes of nasal discharge, or were refractory to
treatment could be humanely euthanized.

The practice of translocating only ELISA-negative tortoises was continued as protocols
were developed for the translocation of wild desert tortoises from the Fort [Irwin Southern
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Expansion Area in San Bernardino County, California (Esque et al. 2005). Tortoises there
also had to test culture negative via polymerase chain reaction (PCR) (Berry 2006), and any
tortoises exhibiting moderate to severe clinical signs were retested. Protocols specified
that tortoises that were ELISA and/or culture-positive or suspect for Mycoplasma
antibodies would be held in quarantine pens until disposition could later be determined
(Esque et al. 2005). Only seronegative and culture negative tortoises not showing clinical
signs of disease would be translocated to the release sites. Ultimately, ELISA-
positive/suspect tortoises and those showing clinical signs of disease were left within the
expansion area, rather than moved to pens.

In 2011, following recommendations of wildlife veterinarians and pathologists, the Bureau
of Land Management (BLM) in Nevada, Nevada Department of Wildlife (NDOW), and
USFWS agreed that tortoises without clinical signs of active upper respiratory tract disease
and deemed healthy and suitable for translocation, regardless of ELISA status relative to
Mycoplasma antibodies, could be released from the DTCC to the large-scale translocation
site and other sites agreed upon in the future. The recommendations are being considered
in Utah, but have not been implemented for tortoises from the TCF. Wild-to-wild
translocations of ELISA-positive tortoises also started to become accepted by some
agencies under certain circumstances (see below the section on Conflict-driven
Translocations).

Other threats to desert tortoises—While additional pathogens have been isolated from
Mojave desert tortoises (see risk assessment below), numerous threats other than
transmissible disease affect tortoise population dynamics, and the role of disease relative
to other threats needs to be clarified. Shell lesions have been associated with declines in at
least two populations (Berry 1997, Christopher 2003) and may be associated with systemic
disease of transmissible or nontransmissible origin. In addition to disease, urbanization,
human access to the tortoise’s habitat, military operations, and illegal use of off highway
vehicles appear to have the greatest impacts on desert tortoise populations. Urbanization
and human access, through their cumulative and indirect effects, present at least twice the
estimated risk to desert tortoise populations as does disease (Darst et al. 2013). This
suggests that recovery actions targeting the loss and degradation of habitat are particularly
important.

Recovery plan—In 2011, the USFWS released a revised recovery plan for the Mojave desert
tortoise (USFWS 2011a). The overall goals are recovery of desert tortoise populations
across its range and delisting (i.e., removal from the list of species provided federal
protection under the US Endangered Species Act) when threats have been abated to the
point that the protections afforded by the Endangered Species Act are no longer necessary.
In the plan, six strategic elements are described to guide the recovery program. These
elements emphasize a collaborative approach where monitoring is crucial, applied research
is essential, and implementation of a working adaptive management process is key to
moving forward as information is added to our knowledge base. Recovery criteria related
to demography, distribution, and habitat establish targets by which progress toward
achievement of recovery objectives can be measured. Specific recovery actions aimed at
moving towards the targets set in the criteria are described.
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One of the six strategic elements in the recovery plan is to “augment depleted populations
through a strategic program.” Population augmentation is viewed as an intermediate
strategy aimed at increasing populations, more rapidly than possible through natural
processes, in conjunction with elevated threat management, habitat restoration, or directed
research on the factors affecting success of augmentations. The plan recommends
development of a comprehensive population augmentation strategy to provide specific
guidance on translocation and a multitude of factors, including disease. This risk
assessment is one of several steps in building the strategy.

Current Situation

Conflict-driven translocations—Recently, the construction of energy production sites,
primarily solar, has been destroying desert tortoise habitat. The national priority of
increasing renewable energy production allowed for little time to plan prior to the first
projects breaking ground in the Mojave Desert. In order to attempt to minimize the impacts
that these projects have on already dwindling tortoise populations, projects typically
remove tortoises from the habitat to be destroyed and relocate them to nearby areas (i.e.,
similar to the Fort Irwin expansion).

The USFWS developed in-depth guidance regarding the translocation of tortoises from
project sites that took into account the status of knowledge on genetics, release methods,
post-translocation dispersal, and disease (USFWS 2010). To complement the translocation
guidance, separate health assessment procedures and a disposition decision tree were
developed rapidly in cooperation with veterinarians, pathologists, and other scientists and
disseminated to biologists working on the solar project-driven translocations (USFWS
2011b). These protocols were adapted from published recommendations (Jacobson et al.
1999, Berry and Christopher 2001) and IUCN guidelines (Woodford 2001). In general,
tortoises could be moved between populations exhibiting similar disease prevalence as
long as the prevalence was less than 20%. Disease prevalence was calculated to consider
exposure as well as active disease and included the proportion of tortoises seropositive for
Mycoplasma agassizii antibodies, seropositive for Mycoplasma testudineum antibodies, and
those that had particular clinical signs of disease (USFWS 2011b, USFWS 2012b). The
procedures also involved the banking of samples and standardized data collection, such
that decisions could be modified after review of available data. While recommended, a
centralized database to house these data from projects across the species’ range, and to
facilitate review, has yet to be implemented.

Conservation-driven translocations— Previous short-term studies have shown that former
captive tortoises transition to life in the wild and survive at rates comparable to resident,
wild tortoises (Field et al. 2002, Field et al. 2007, Nussear et al. 2012). This presented an
opportunity to use former captive tortoises in efforts to bolster wild populations, without
in-depth reconditioning to life in the wild. Although significant behavioral obstacles are not
evident, there are two additional critical considerations: genetics and disease. Through
reanalysis of existing genetic data, a distance from origin that tortoises can be moved for
management purposes while remaining within their genetic unit has been determined
(wild-to-wild: 200 km, DTCC-to-wild: 175 km [not evaluated for other holding
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facilities/captive situations]) (USFWS 2012c, Averill-Murray and Hagerty 2014). Disease is
more complex, as complete captive histories of tortoises are usually unknown. It is possible
for privately held desert tortoises to be exposed to other species of tortoises or other
reptiles with origins around the world and thus to pathogens that are not found in wild
populations of desert tortoises.

The DTCC served as a source of large numbers of desert tortoises, both former privately-
held captives and those removed from habitat-destructive projects, which could be used in
augmentation efforts contingent on the application of appropriate quarantine and
screening protocols. This provided the opportunity to augment populations with tortoises
from a variety of age classes, including reproductive adults, without relying on the removal
of tortoises from wild population or on resource intensive head-starting programs. Without
the potential for these tortoises to be used in wild conservation efforts, their future
dispositions became limited to lifetimes in captivity or euthanasia. Under a new
partnership with San Diego Zoo Global in 2009, tortoises at the DTCC began to undergo
assessments of health that took into account body condition, clinical signs of disease,
physical exam findings (e.g., coelomic masses or white mucous membranes), weight
history, medical history while at the DTCC, presence of ectoparasites, concurrent illness in
pen cohorts, and other factors determined to be important in appropriately assessing the
individual’s health and determining suitability for translocation (see USFWS 2011b for
examples). As described above, the protocols were adapted from published
recommendations and built upon by San Diego Zoo Global veterinarians and pathologists in
consultation with other veterinarians and scientists with pertinent expertise.

Reevaluation of disease concerns and risk-mitigation strategies—The first large-scale
augmentation of a completely free-ranging, depleted population to use tortoises from the
DTCC was being considered for spring 2013 (BLM 2013), and translocations to augment
other depleted populations were under consideration (and some have been implemented
since completion of the risk assessment workshop). Additionally, large-scale projects
continue to be proposed within occupied desert tortoise habitat, thereby setting the stage
for future translocations to “rescue” large numbers of tortoises from the path of habitat-
destructive activities. Due to the increase in translocations from project sites and the desire
to augment populations using tortoises that had spent some portion of time in captivity, a
reevaluation of current disease concerns and risk mitigation strategies was needed. The
workshop (September 2012) described herein was organized to reevaluate disease risks
and develop effective risk-mitigation plans. The captive source specifically evaluated was
the DTCC. The local and federal management agencies that historically supported the DTCC
decided to close the facility at the end of 2014. The large population of desert tortoises in
captivity across the range creates potential for continued augmentation of wild populations
using former captives, however; an updated risk assessment would need to be done unless
those tortoises are sent to single-species quarantine and holding facilities that closely
emulate the DTCC in their protocols and policies.




Concepts of Disease

Discussion of the disease risks associated with wildlife translocations can be contentious,
in part because of differing viewpoints on the concepts of health and disease. Defining our
terms and concepts at the outset can help prevent confusion and conflict.

Disease has traditionally been defined as any impairment in normal structure or function in
an individual. This concept of disease is useful when the focus is on managing disease in
individuals, but less so when the focus is on ensuring the sustainability of populations.
Recognition of disease as a natural population process and a focus on health at the
population level has led to a greater emphasis on broad-scale disease risk assessments. In
this context, health can be thought of as the ability of a population to perform all of its
ecological functions with typical efficiency (Hanisch 2012). Inherent in this is the idea that
healthy populations should be able to remain resilient and self-sustaining in the face of
naturally occurring disease. It is also important to recognize that diseases do not occur in
isolation - there is always a dynamic interplay between the host, the agent, and the
environment. This emphasis on wildlife population health in the context of ecosystems
enables us to bring all threats into the analysis, so undue attention is not being placed on
infectious diseases to the exclusion of other significant threats.

There are no wildlife populations completely free of disease. The purpose of a disease risk
analysis is not to help maintain a disease-free state, but rather to maintain healthy (i.e.,
resilient and self-sustaining) populations by minimizing the risk of a disease scenario to
which the target population could not adequately respond. The wildlife disease risk
analysis should therefore address the key disease threats in the context of the current or
anticipated health of a specific population.

The Disease Risk Analysis Process

Disease risk analysis is a structured process for evaluating the likelihood and consequences
of specific disease hazards occurring in a population as a result of a management decision
or changing circumstance. The process evaluates disease threats in a specific population
context, so a particular disease agent could be determined to be a significant threat to one
population but not another (e.g., if one population is determined to be less resilient than
another due to other population health impacts it is experiencing). The principles behind a
disease risk analysis are adapted from general risk analysis procedures used in a variety of
fields, ranging from manufacturing to the military. The process typically involves six steps:
problem description, hazard identification, risk assessment, risk management,
implementation and review, and risk communication (Jakob-Hoff et al. 2014a).

The value of a formal disease risk analysis for desert tortoises is that the structured process
enables all identifiable hazards to be evaluated systematically and objectively by a
multidisciplinary group. The ability to evaluate all hazards in context, and to weigh the risk
of inaction as well as action, facilitates sound conservation management. The participants
in this risk analysis were chosen based on the scientific disciplines deemed important to
the process (e.g., veterinary medicine, pathology, epidemiology, disease ecology, population
biology, and reintroduction biology) and the agency and stakeholder representation



needed for decision-making (US Fish and Wildlife Service, Nevada Division of Wildlife, and
California Department of Fish and Wildlife). See the preface for a list of participants.

THE RISK ANALYSIS

Problem Description
The workgroup defined the current problem as the following:

Urgent conservation actions are being confounded by infectious disease concerns arising from
a desire to avoid negative population impacts.

Several assumptions and limitations were acknowledged as the problem description was
being developed. These included:

. There are other potentially significant health hazards to wild desert tortoise
populations besides mycoplasmosis.

. Our knowledge of the endemic and potentially epidemic disease threats to desert
tortoises is very limited.

. Potential hazards to population health include noninfectious as well as infectious
diseases.

. Some disease threats are population density dependent, so final population density

estimates (i.e., translocated population plus recipient population combined) need to
be incorporated into translocation risk assessments.

. There are few screening tests for infectious agents that have been validated for use
in desert tortoises. Importantly, an ELISA detects the presence of antibodies for an
infectious agent rather than the agent itself.

. Screening or surveillance tests are imperfect and cannot eliminate the risk of a
disease introduction.

. Translocations are not the only source of disease risk to desert tortoise populations,
so other avenues of disease introduction need to be considered in a translocation
risk analysis.

. Solar energy developments will proceed on timelines with limited flexibility, thus

not allow time for deep investigations to eliminate uncertainty about potential
impacts on desert tortoises.

. Desert tortoises occupying habitat slated for development must be translocated if
they are to survive and contribute to recovery of the species.

. Different translocation scenarios entail different disease hazards, so risk mitigation
efforts need to be tailored to specific translocation scenarios.

. The number of desert tortoises that need to be translocated is sufficiently large that

financial and logistical efficiency need to be a high priority.

The context of translocation, including the source of animals, recipient population, and
availability of health history data varies across scenarios. Translocations may be initiated
with the primary purpose being to move animals out of harm’s way to reduce the number



that would otherwise be directly killed (e.g., solar energy development driven) or to move
animals into an area for conservation purposes (e.g., an augmentation of a population).
Tortoises may go directly from a wild locality to another wild locality, from the wild to a
quarantine and holding facility and then to another wild locality, or from a captive
environment to a quarantine and holding facility and then to a locality in the wild.
Currently, the most important scenarios are wild-to-wild translocations with a potential
layover at an onsite quarantine and holding facility (i.e., tortoises are not brought to a
facility where tortoises of other origins are housed) and captive-to-wild translocations
wherein the captive history of the tortoises may be unknown. The captive-to-wild scenario
specifically assessed was the DTCC, but the assessment could be applicable to other captive
scenarios, if they are single-species facilities that closely emulate the DTCC through
quarantine, screening, and evaluation procedures. Through implementation of such
procedures any deviations in prevalence from those used in our assessment will be
illuminated.

Some level of risk will always be present when taking an action intended to be beneficial,
when uncertainty is involved. Rather than paralyze conservation action due to an inability
to eliminate uncertainty, we must accept a degree of risk, within a defined level of
tolerance, in order to move forward with actions intended to benefit the recovery of the
desert tortoise. This risk analysis allows us to better understand the levels of risk involved
and develop minimization strategies specific to those risks.

Hazard Identification

The workgroup limited the assessment to transmissible infectious agents, as spread of
infection that results in detrimental effects on populations is a primary concern in
translocation, whereas non-transmissible agents (e.g., uroliths, toxicants, fungi) affect
individuals and their own suitability for translocation or survival in the wild. Based on a
literature review and personal experience, the workgroup identified the following
transmissible infectious agents as being known to cause or be associated with disease in
desert tortoises or known to be carried by desert tortoises with potential transmission to
other organisms:

e Mycoplasma agassizii (Brown et al. 1994, 2001)

e Mycoplasma testudineum (Brown et al. 2004, Jacobson and Berry 2012)

e Tortoise herpesvirus-2 (TeHV-2) (Johnson et al. 2005, Jacobson et al. 2012)
e Chlamydophila sp. (Johnson et al. 2012)

e Pasteurella testudinis (Snipes and Biberstein 1982, Jacobson et al. 1995)

e Salmonella spp. (Jacobson 2007)

e C(Cryptosporidium spp. (Braun and Holder, unpublished data)

The workgroup identified the following transmissible infectious agents (or categories of
agents) as being plausible pathogens in desert tortoises based on a literature review of
pathogens affecting other tortoise species and on the broad host range of the agents
(Mader 2005, Jacobson 2007a, and as cited below):



Paramyxoviruses (Hyndman et al. 2013)

Adenoviruses (Rivera 2009, Schumacher 2012, Doszpoly et al. 2013)
Iridoviruses/Ranaviruses (Westhouse et al. 1996, Johnson et al. 2008)
Pathogenic nematodes (Rideout et al. 1987)

Pathogenic protozoa (Zwart and Truyens 1975, Jacobson 1993, Jacobson et al.
1994, Griffin et al. 2010)

Pathogenic ectoparasites (e.g., ticks or mites)

Borrelia sp.

Rickettsia sp.

Intranuclear coccidia (Atkinson and Ayala 1987, Jacobson et al. 1994, Garner et al. 1998,
Garner et al. 2006, Innis et al. 2007) were not specifically included in the risk analysis for
the following reasons:

The agents involved have not been documented in desert tortoises or any other
native North American chelonians.

The prevalence is very low in all host species so far identified.

There is no antemortem screening test. As a result, pre-translocation screening is
not possible.

The agents can be detected postmortem, so routine opportunistic postmortem
surveillance is the method of choice for detecting the agents in a population.

Most chelonian cases reported so far have presented with clinical signs that would
result in exclusion of infected animals from release cohorts anyway.

In the absence of data on the prevalence of these agents in North America, the risk
of introduction can only be addressed in general terms and is covered in the section
on novel agents, subspecies, or strains.

The workgroup also evaluated the risk of novel pathogen introductions. Pathogens that
were recognized after the workgroup’s analysis are listed in Appendix 1 to be considered in
updates to the analysis.

Hazard Analysis

The workgroup assessed the risks associated with each agent (or category of agent) by
assigning a qualitative probability assessment (very low, low, medium, high, very high, or
variable) for each of the following steps involved in the introduction and establishment of a
pathogen in a population:

Probability the agent is present in the source population
Probability the agent is absent from the destination population
Probability that translocation will be the only source of exposure
Probability of release and spread

Probability of establishment

Probability of negative population consequence

Some of the information that was available to the workgroup through, reports,
publications, and personal knowledge is listed in Table 1.
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Table 1. Information that was available to the workgroup through reports, publications,
and personal knowledge (see Fig. 1 for locations of most of the listed locations). Citations
that have dates after the workshop were available as drafts, and/or workshop participants
shared knowledge of the data. Cells in grey had no positive detections. The table does not
include observations of clinical signs without other diagnostic tests and does not include
recovery permit reports prior to 2005.

Mycoplasma Mycoplasma
Site agassizii testudineum Citation

Upper Virgin River

1/1 Mycoplasma-like

Red Hill (St. George) | o hism present

Jacobson et al. 1991

22/30 Western

blot+1 Sandmeier et al. 2013

Red Cliffs (St. George)

Paradise Canyon, Utah | ELISA+ found Dickinson etal. 1995,

2005
Northeastern Mojave Desert
Beaver Dam Slope 1/7 Western blot+! Sandmeier et al. 2013
Coyote Springs 0/11 Western blot+? Sandmeier et al. 2013

Coyote Springs/Hidden | 0/23 ELISA+ Drake et al. 2013; Esque
Valley 0/22 PCR+ MySpp. | /23 ELISA+ 2013
Gold Butte 2/13 Western blot+!? Sandmeier et al. 2013
0/12 ELISA+
Halfway Wash 1/13 PCR+ MySpp. Esque 2013
Littlefield, Arizona ELISA+ found 2D(1)c0k51nson etal. 1995,
Las Vegas Valley, NE 11)100/,;? Western Sandmeier et al. 2013
Las Vegas Valley, NW 7/18 Western blot+! Sandmeier et al. 2013
Mormon Mesa 0/35 Western blot+! Sandmeier et al. 2013
Muddy Mountains 0/18 Western blot+! Sandmeier et al. 2013
River Mountains 9/19 ELISA+ USFWS, unpubl. data

Eastern Mojave Desert

Amargosa Valley 0/11 Western blot+? Sandmeier et al. 2013

Eldorado Valley 1/46 Western blot+! Sandmeier et al. 2013

0/4 Mycoplasma-like

Ivanpah Valley (CA) X Jacobson et al. 1991
organism present

Ivanpah Valley (CA) ELISA+ found ELISA+ found ISEGS 2010, 2011, 2012

S Ivanpah Valley (CA) 0/13 Western blot+? Sandmeier et al. 2013

N Ivanpah Valley (NV) | 6/32 Western blot+! Sandmeier et al. 2013

1 Different antibody test than other studies (Western blot, with polyclonal reagent), which used the test from
University of Florida; sampled populations are also typically larger scales than other studies.

2 Examined after being held in pens at DTCC. Jacobson et al. state that intermixing of infected and uninfected
likely occurred and caused spread.
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Table 1. Continued.

Eastern Mojave Desert, continued

Mycoplasma Mycoplasma
Site agassizii testudineum Citation

12/24 culture+

2

Las Vegas Valley 17/24 ELISA+ Jacobson et al. 1995
Las Vegas Valley 72/144 ELISA+ Schumacher et al. 1997
Las Vegas Valley, south 11)1501 i(l) Western Sandmeier et al. 2013
Nevada National 0/7 ELISA+ 1/7 ELISA+ Field et al. 2012
Security Site

15-23% ELISA+
Yucca Mtn. (n = 49-91) Lederle et al. 1997
Pahrump Valley 1/8 Western blot+! Sandmeier et al. 2013
W of Providence Mtns 0/13 Western blot+? Sandmeier et al. 2013
Shadow Valley 0/15 Western blot+!? Sandmeier et al. 2013
Colorado Desert
Chemehuevi plot 0/10 ELISA+ 0/10 ELISA+ Berry 2011

Chemehuevi 0/45 Western blot+! Sandmeier et al. 2013
Chuckwalla Bench 0/44 Western blot+! Sandmeier et al. 2013
Pinto Mountains 0/24 Western blot+! Sandmeier et al. 2013

0/21 ELISA+

Piute Valley 0/3 PCR+ MySpp. Esque 2013
Piute Valley 1/73 Western blot+! Sandmeier et al. 2013
E of Providence Mtns 0/33 Western blot+! Sandmeier et al. 2013

Western Mojave Desert

3/8 Mycoplasma-like

DTNA : Jacobson et al. 1991
organism present
7-62% ELISA+ Berry 1997, Brown et al.
DTNA (n=12-35) 1999
21.7-25.0% ELISA+ 6.5-45.2% ELISA+
Daggett (n=92-104) (n=92-104) Berry 2010
0/92 PCR+ 0/92 PCR+
13.8-14.0% ELISA+ 18.5-18.8% ELISA+
Daggett (n = 64-65) (n = 64-65) Berry 2010
10.8-12.9% ELISA+ 17.1-21.5% ELISA+
Daggett (n = 65-70) (n = 65-70) Berry2012
11.8-11.9% ELISA+ 13.4-14.5% ELISA+
Daggett (n=67-76) (n=67-76) Berry 2012
Daggett 5/66 ELISA+ 13/66 ELISA+ Berry 2013
Fremont/Kramer 1/17 Western blot+! Sandmeier et al. 2013
valleys
Ord-Rodman 0/15 Western blot+! Sandmeier et al. 2013
Ft. [rwin 2/91 ELISA+ Berry et al. 2006

1/91 culture+

Ft. Irwin 2012

1/3 ELISA+

Esque 2013
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Table 1. Continued.

Western Mojave Desert, continued

Mycoplasma Mycoplasma
Site agassizii testudineum Citation
Ft. Irwin 2012 1/33 PCR+ Esque 2013
Ft. Irwin/Superior- 3(77)/699 ELISA+ | 9/699 ELISA+ Ft. Irwin 2008
Cronese

1/55 ELISA+ 0/54 ELISA+
Ft. Irwin West 0/56 culture+ 0/56 culture+ Ft. Irwin 2010

1/171 ELISA+

0/171 ELISA+

Ft. Irwin West

0/52 ELISA+

0/52 ELISA+

Ft. Irwin 2011

Superior-Cronese

2/11 ELISA+

9/11 ELISA+
2/11 PCR

Jacobson and Berry 2012

Superior-Cronese

2/31 Western blot+!?

Sandmeier et al. 2013

Superior-Cronese

1/81 ELISA+

1/81 ELISA+

Ft. Irwin 2009 report

trans. 3/65 ELISA+ 0/65 ELISA+

f;‘;es”or'cro“ese 0/12 ELISA+ 1/12 ELISA+ Ft. Irwin 2010 report
. 1/11 ELISA+ 0/11 ELISA+

Sand Hill 0/11 culture+ 0/11 culture+ Berry 2011

Site | Tortoise herpesvirus | Citation

Northeast Mojave Desert

River Mountains 1/1 PCR+ TeHV2 Jacobson et al. 2012
Coyote Springs 2011 0/21 Esque 2013

Coyote Springs 2012 0/21 Esque 2013
Halfway Wash 2011 0/12 Esque 2013

Hidden Valley 0/24 PCR+ TeHV?2 Drake et al. 2013
Eastern Mojave Desert

Shadow Valley 2/2 ELISA+ Jacobson et al. 2012
Ivanpah Valley 1 1/14 ELISA+ Jacobson et al. 2012
Ivanpah Valley 2 21/25 ELISA+ Jacobson et al. 2012

Colorado Desert

Fenner 0/2 ELISA+ Jacobson et al. 2012
Upper Ward Valley 0/12 ELISA+ Jacobson et al. 2012
Chemehuevi Valley 2/6 ELISA+ Jacobson et al. 2012
Chocolate Mountains 9/21 ELISA+ Jacobson et al. 2012
Piute Valley 2011 0/22 Esque 2013
Piute Valley 2012 0/21 Esque 2013

Western Mojave Desert

Fremont Valley 0/1 ELISA+ Jacobson et al. 2012
DTNA 4/18 ELISA+ Jacobson et al. 2012
Fremont-Kramer 6/9 ELISA+ Jacobson et al. 2012
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Table 1. Continued.

Western Mojave Desert, continued

Site Tortoise herpesvirus Citation
Superior-Cronese éﬁzPESERTI V2 Jacobson et al. 2012
Ft. Irwin 2012 0/2 Esque 2013

Ft. Irwin 2/3 ELISA+ Jacobson et al. 2012
Soda Mountains 0/10 ELISA+ Jacobson et al. 2012
Tiefort, Ft. Irwin 2/27 ELISA+ Jacobson et al. 2012
Eastgate, Ft. Irwin 0/9 ELISA+ Jacobson et al. 2012
Lucerne Valley 1/6 ELISA+ Jacobson et al. 2012

Ord-Rodman 10/25 ELISA+ Jacobson et al. 2012
Sand Hill 10/40 ELISA+ Jacobson et al. 2012
Bullion 3/6 ELISA+ Jacobson et al. 2012
Lavic 1/8 ELISA+ Jacobson et al. 2012
Daggett 0/34 ELISA+ Berry 2013

Figure 1. Mojave"Desert Tortois 0
geographic locations listed in Table 1.
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The cumulative risk associated with each agent was developed by consensus based on the
understanding that the overall probability of a negative outcome is determined by
multiplying the probabilities of each step in the sequence leading to that outcome. Although
qualitative rather than numerical values were used (so actual multiplication was not
possible), the same concept was applied in a commonsense way in this risk assessment
(e.g., a low probability multiplied by a high probability would yield a medium probability).
The workgroup decided that overall tolerance to risk was low. Table 2 summarizes the
analysis for each agent. The following explains the rationale behind each risk assignment.

Mycoplasma agassizii: Although spatial patterns in levels of seroprevalence to M. agassizii
have been documented, with higher prevalence in close proximity to some urban centers
(Schumacher et al. 1997, Jones 2008, Berry et al. 2015), this agent or antibodies to it have
been found across the Mojave Desert in all recovery units. It has been found in many wild
populations that have been adequately surveyed, so the probability of presence in any
source population was considered very high, while the probability that it would be absent
in a destination population was considered low. The widespread prevalence of the agent in
the wild, as well as uncontrolled movements and releases of desert tortoises by the public,
resulted in a low probability that translocations would be the only source of exposure. If
the agent were released into a naive population, the probability of release, spread, and
establishment of the agent was considered very high due to its highly contagious nature
and ability to persist in a population. The probability of a negative population consequence
if introduction occurred to a naive population was considered high in a high population
density scenario, but low in a low population density scenario. In general for mycoplasmas,
the presence of antibodies does not necessarily confer immunity (Simecka et al. 1989,
Simecka 2005, Szczepanek and Silbart 2014), and immune responses to M. agassizii vary in
tortoises (see review in Jacobson et al. 2014). The cumulative risk was determined to be
medium for a high population density scenario, but low for a low population density
scenario.

Mycoplasma testudineum: Although fewer data are available for this agent, the lesions may
be less severe than those caused by M. agassizii, and the agent may be less pathogenic than
M. agassizii (Jacobson and Berry 2012), the risk analysis was similar to that for M. agassizii.
Exceptions are that the probability of a negative population consequence was considered
medium for a high population density scenario, and very low for a low population density
scenario. The cumulative risk was therefore considered low for a high-density situation
and very low for a low-density situation.

Tortoise herpesvirus-2 (TeHV-2): The probability of TeHV-2 being present in a source
population was considered high for the following reasons: TeHV-2 has recently been found
in wild tortoises from disparate locations (Jacobson et al. 2012); TeHV-2 has only been
found in desert tortoises; a herpesvirus was first documented in a desert tortoise 30 years
ago (Harper et al. 1982), so it or a similar virus has been present in desert tortoises for at
least three decades; and herpesviruses are endemic agents in a very wide range of
Testudinidae taxa (probably a majority of taxa) globally (Marschang 2011). In addition, 8
tortoises in the Fenner Valley and 2 tortoises in the Ivanpah Valley, California, had oral
lesions consistent with herpesvirus in 1992-93 (Christopher 2003).Thus, there is a strong
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possibility the agent is endemic in desert tortoises. Note that ELISAs for TeHV-1 and TeHV-
3 are cross-reactive for TeHV-2. While desert tortoises have tested positive for TeHV using
the TeHV-3 test, TeHV-3 has not been identified in desert tortoises through PCR
identification methods. Therefore, we chose to identify TeHV-2 as the agent being assessed.
The probabilities that the agent would be absent from destination populations and that
translocations would be the only source of exposure were considered low for the same
reasons. If infected tortoises were released into a naive population, the probabilities of
release, spread, and establishment were considered very high because of the highly
transmissible nature of herpesviruses. However, the probability of a negative population
consequence was considered low because TeHV-2 is known to be present at the DTCC, but
has only caused sporadic mortality despite the relatively high density of tortoises at the
facility (Josephine Braun, personal communication).

Chlamydophila sp.: The probability of a Chlamydophila sp. being present was considered
low for a wild population but medium for the DTCC population because the agent has not
been found in wild populations (although no specific surveillance has been conducted), but
has been found in at least one individual housed at the DTCC and several others originating
from there (Johnson et al. 2012). The probability that translocations would be the only
source of introduction was considered low because of the frequency of unsanctioned pet
tortoise releases and the likelihood that the agent is more prevalent than previously
recognized. If an infected tortoise was released into a naive population, the probability of
release and spread was considered low because of the relatively low incidence rate in
exposed populations, but the probability of establishment was considered high because the
agent tends to persist at low levels in exposed populations. The probability of a negative
population consequence was considered very low for a low-density situation, but medium
for a high population density situation. The cumulative risk was considered very low.

Pasteurella testudinis: The probability that Pasteurella would be present in source
populations was considered very high based on previous publications (Jacobson et al. 1995,
Snipes et al. 1995, Christopher et al. 2003). The probability of absence in a destination
population was considered very low for the same reason. The probability that
translocations would be the only source of exposure was also considered low, while the
probabilities of release, spread, and establishment were considered very high if a naive
population were exposed. A negative population consequence was considered highly
probable in a high-density situation, but low in a low-density one. The cumulative risk was
therefore considered medium for a high-density scenario and very low for a low-density
scenario.

Salmonella spp.: Salmonella species are considered normal flora in all reptiles (Jacobson
2007b), but can be opportunistic pathogens. The risk analysis therefore had to incorporate
issues relating to factors that might predispose to opportunistic invasion, which the
workgroup recognized was fraught with difficulty due to the large number of highly
speculative scenarios that could be considered. Ultimately, the probability of a negative
population consequence, and the cumulative risk, were considered very low because of the
benign nature of the host-agent relationship.
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Cryptosporidium spp.: Cryptosporidium species are globally-distributed, microscopic
parasites that primarily inhabit the gastrointestinal tract of a wide variety of species,
ranging from fish to humans. Infections are typically asymptomatic, but can be fatal in
some hosts under certain circumstances. Cryptosporidia have been found in 5/369 (1.4%)
tortoises necropsied at the DTCC, but their association with disease remains to be clarified.
Although many species appear to have their own host-adapted Cryptosporidium sp., host
switching has been documented, indicating that these parasites may have relatively broad
host-ranges. Tortoises held as pets would have the greatest potential for acquiring
cryptosporidia from other hosts, but the broad host range and ubiquitous nature of these
parasites could also result in exposure of wild tortoises from other host species (e.g.,
through water sources contaminated by feces from other reptiles, birds, or mammals).
Cryptosporidia have not been documented in wild desert tortoises, but there has been no
targeted surveillance in the past. Based on the broad distribution of these parasites in other
species, it is possible that cryptosporidiosis is endemic at low levels in desert tortoises. A
literature review fails to provide any evidence of negative population-level impacts of
cryptosporidiosis in wildlife. In light of these facts, a risk analysis yields a low to medium
cumulative risk (see Table 2).

Plausible hazards: The following agents were considered plausible hazards, but have not
yet been documented in desert tortoises: Adenoviruses, Iridoviruses (Ranaviruses),
Paramyxoviruses, Borrelia spp., Rickettsia/Ehrlichia spp., and various pathogenic
nematodes and protozoa. These agents were evaluated as a group, in part because of lack of
data on the prevalence or impacts of such agents on desert tortoises. The probability of the
presence of these agents in source populations was considered uniformly low. Postmortem
surveillance on over 350 cases from the DTCC has not shown any evidence of these agents.
The probability of absence in destination populations was considered correspondingly
high. The probability that translocations would be the only avenue of exposure was
considered low because the highest risk of exposure would probably come through
unregulated release of pet tortoises. The probabilities of release, spread, establishment,
and negative population consequences were generally considered low for all of the agents.
The cumulative risk was ultimately considered low for all.

Novel agents, subspecies, or strains: The probability of a novel organism being present in a
wild source population was considered very low, but medium for the DTCC population due
to the unknown exposure histories of privately held tortoises. The probability of absence of
novel agents in destination populations was considered very high. The likelihood that
translocations from wild source populations would be the only avenue of exposure was
considered low because the highest risks would be coming from unregulated releases of
pet tortoises. The probability of release, spread, establishment, and negative population
consequences would depend on the nature of the agent. As a result, the cumulative risk was
determined to be variable and unpredictable. However, it is important that risk mitigation
efforts focus on known pathogens that have high population-level impacts rather than
undocumented or hypothetical risks (IUCN/SSC 2013), as there are no risk-free scenarios,
and inaction as the result of endless what-ifs could result.
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Table 2. Risk analysis for each a

gent. In columns 7 and 8 High D and Low D refers to density.

Probability of Probability of
Probability in absence in Probability that Probability of negative
source population destination translocations are release and Probability of population
Agent or hazard (Wild v. DTCC?) population only exposure avenue spread establishment consequence Cumulative Risk Comments
Known Transmissible
Hazards
A remote naive
population may
be at high
cumulative risk in
a high density
High D: HIGH High D: MEDIUM scenario and low
M. agassizii VERY HIGH LOW LOW VERY HIGH VERY HIGH Low D: LOW Low D: LOW risk in low density.
High D: MEDIUM High D: LOW
M. testudineum VERY HIGH LOW LOW VERY HIGH VERY HIGH Low D: VERY LOW Low D: VERY LOW
Most taxa have
multiple endemic
TeHV-2 HIGH LOW LOW VERY HIGH VERY HIGH LOW VERY LOW herpesviruses.
DTCC source:
High D: LOW
Low D: VERY LOW
Wild source:
Wild: VERY LOW High D: MEDIUM High D: VERY LOW
Chlamydophila DTCC: MEDIUM VERY HIGH LOW LOW HIGH Low D: VERY LOW Low D: VERY LOW
Very low risk to
desert tortoises,
but there may be
other susceptible
Salmonella VERY HIGH VERY LOW VERY LOW VERY HIGH N/A VERY LOW VERY LOW species (kit fox).
High D: HIGH High D: MEDIUM
Pasteurella VERY HIGH VERY LOW LOW VERY HIGH VERY HIGH Low D: LOW Low D: VERY LOW
Ubiquitous global
distribution;
Wild: VERY LOW Wild: MEDIUM High D: LOW High D: MEDIUM possibly endemic
Cryptosporidium DTCC: LOW DTCC: LOW LOW HIGH HIGH Low D: VERY LOW Low D: LOW at low levels.
Plausible Transmissible
Hazards
Borrelia LOW HIGH LOW LOW LOW LOW LOW
Rickettsia/Ehrlichia LOW HIGH LOW LOW LOW LOW LOW
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Table 2. Continued.

Probability of Probability of

Probability in absence in Probability that Probability of negative

source population | destination translocations are release and Probability of | population
Agent or hazard (Wild v. DTCC?) population only exposure avenue spread establishment | consequence Cumulative Risk Comments
Adenovirus LOW HIGH LOW LOW LOW LOW LOW
Iridoviruses/Ranavirus LOW HIGH LOW MEDIUM LOW LOW LOW
Paramyxovirus LOW HIGH LOW MEDIUM LOW LOW LOW
Novel agents or ssp. Wild: VERY LOW
and strains DTCC: MEDIUM VERY HIGH LOW VARIABLE VARIABLE VARIABLE VARIABLE
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Risk Mitigation

The degree of mitigation should match the threat. In a context of low risk, yet potential
conservation benefit, it is important to implement mitigation that allows for action rather
than inaction caused by logistics, expenses, or rejection of the risk analysis. In addition,
some protocols that may be suggested to mitigate disease risk could actually impose other
risks on the species due to increased handling and collection of samples or an inability to
swiftly implement conservation actions. For example, some techniques for the collection of
biological samples are quite invasive (e.g., nasal lavage, cloacal swab) and may induce
detrimental processes in tortoises such as voiding stored water from the bladder. In the
wild, not all tortoises will be located subsequent to sampling, thus the ability to mitigate for
any negative effects of sampling are limited. Sampling techniques of undetermined value
may be appropriate to consider for captive tortoises that have regular follow-up exams
when it provides an opportunity to evaluate the techniques.

Our previous strategy was two-fold. First, individual suitability for translocations was
evaluated based on attitude and activity, body condition score (Lamberski 2013), clinical
signs of disease (primarily nasal discharge and oral lesions), and other notable conditions.
Second, ELISA test results (M. agassizii and M. testudineum) were used in combination with
prevalence of clinical signs to translocate “like to like”, wherein we translocated
seropositive tortoises in a similar proportion to what was found in the recipient
population. Recipient and donor populations could be disqualified if total disease
prevalence was determined to be higher than 20%. One option was to continue this
approach.

We opted to modify our approach to risk mitigation. The individual-level evaluations,
which have been designed to alert us to health issues regardless of cause, remain much the
same and still include the collection of biological samples (USFWS 2013, Appendices B and
G; see Attachments 1, 2, and 3); however, the population-level strategy will no longer take
into account ELISA or other test results in an attempt to match disease prevalence, and no
limit of disease prevalence is specified. While a limit for disease prevalence is not specified
in our new strategy, this strategy will not apply if there is evidence of an active outbreak in
the source or destination populations. Review of health assessment data prior to
translocation will help to ensure that potential outbreaks are recognized. Our rationale is
that for nearly all agents, the likelihood of presence/absence in the source and destination
populations is quite similar, the probability that planned translocations are the only avenue
of exposure is low to very low for all agents, and estimated cumulative risk rises to the level
of medium in only two cases that are associated with populations at high density (Table 1).
In fact, negative population consequences are plausible in high-density populations for
reasons other than disease, which includes availability of resources. USFWS does not allow
for translocations into high-density populations and as of this report requires that post-
translocation densities be limited to similar levels observed elsewhere within the
particular region (as measured by the upper standard deviation of the relevant estimated
density; USFWS 2012a). Depleted populations are targeted for augmentation with former
captives, thus we have already mitigated density-related risks.
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All captive tortoises used for population augmentation must continue to enter a period of
quarantine prior to final evaluation of their suitability for translocation (Attachment 4).
Quarantine periods are consistent with recommendations by the [IUCN (IUCN/SCC 2013)
and OIE (Woodford 2001). For any captive-to-wild translocations, multiple health
assessments should be conducted during the quarantine period prior to release. Only
animals that are documented to be free of clinical signs of disease on multiple consecutive
evaluations should be considered eligible for release into wild populations (Attachment 2).
This strategy will help identify animals with an infectious disease (such as mycoplasmosis)
that may manifest intermittent clinical signs.

For wild-to wild-translocations, bringing animals into captivity for a period of quarantine
may be more risky to the animals’ health than the overall benefit provided. Rather, we
support two in situ health assessments completed 14 - 30 days apart. Additional
assessments (outside of 30 days) may be conducted, but a narrow window is necessary to
discover animals with intermittent clinical signs. The last assessment should occur
immediately prior to the proposed translocation date and may be a physical assessment
without another collection of biological samples. The same evaluation of suitability for
translocation applies as for captives (Attachment 2). Additional details about how our
strategy addresses the specific agents are provided below. Note that comments regarding
the DTCC were relevant prior to the closure of that facility and that ultimately three health
assessments were completed within 30 days at the DTCC to ensure translocated animals
had no signs of disease.

All tortoises to be translocated, as well as a representative sample of resident and control
tortoises where applicable, will have blood collected for use in ELISA tests for M. agassizii
and M. testudineum. The results of ELISA tests will give us baseline information for
comparison of pathogen seroprevalence over time, but not determine eligibility for
translocation. For wild tortoises, a sample will be run immediately and the remainder of
the plasma will be banked for future use. For DTCC tortoises, a sample will be run
immediately only if no prior ELISAs have been conducted, and all remaining plasma will be
banked. DTCC tortoises with clinical signs of upper respiratory tract disease will continue
to be treated with antibiotics under veterinary supervision/advisement, and those that are
not responsive to treatment may be euthanized.

In addition, all tortoises to be translocated, as well as a representative sample of resident
and control tortoises where applicable, will have their oral cavity swabbed and the sample
banked for future use. Current uses include the detection of herpesvirus via PCR, and these
samples have been shown to be comparable to those collected via nasal lavage when PCR is
used to detect M. agassizii (Josephine Braun, unpublished; post-workshop: Braun et al.
2014). The health assessment includes examination of the oral cavity, and tortoises with
plaques, crusts, or ulcers, regardless of cause, are not recommended for translocation.

One technique that might be informative is the collection of a sample via insertion of a
swab into the cloaca; however, no studies have been done determine the value of the
technique in detecting pathogens significant to desert tortoises and the technique is likely
to increase the risk of a tortoise voiding its bladder. Voiding the bladder has been
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documented to increase the likelihood of death (Averill-Murray 2002). Cloacal swabs may
be collected from DTCC tortoises in order to evaluate the efficacy of the technique. The
collection of biological samples in attempt to screen for pathogens (that would include
Chlamydophila sp.) in wild tortoises is not recommended at this time, unless under
experimental conditions. Chlamydophila sp. has not been detected in wild tortoises that
have been screened, and the efficacy of a technique for collection of informative samples
has not been fully evaluated.

Fecal parasite and protozoa screening (via fecal flotation, fecal acid fast stain, and/or the
use of a commercial test) is another method of surveillance that could be implemented to
detect agents such as Cryptosporidium. At this time, we recommend surveillance only in
captive tortoises, as Cryptosporidium has only been found in tortoises at the DTCC and no
other pathogenic agents have been detected using fecal flotation and microscopic
evaluation. The risk-matching approach should provide adequate risk mitigation for wild-
to-wild translocations.

Postmortem examinations are useful in the surveillance for adenoviruses (Rivera et al.
2009, Schumacher et al. 2012, Doszpoly et al. 2013), iridoviruses (Ranaviruses)
(Westhouse et al. 1996), paramyxoviruses (Marschang et al. 2009), Borrelia spp.,
Rickettsia/Ehrlichia spp., and similar agents. Opportunistic postmortem examinations of
wild tortoises are highly recommended when carcasses are discovered in suitable
condition. Postmortem exams are recommended for all DTCC tortoises that die, although
we understand that limited resources may only allow for a subset to be examined.
Postmortem disease surveillance in the DTCC population resulted in over 350 detailed
examinations with no evidence of novel agents (Josephine Braun, personal
communication). If any such agents are identified, risk mitigation strategies will have to be
developed based on the findings and context of the management actions.

Pasteurella testudinis and Salmonella spp. will not be screened for in any of the samples at
this time. P. testudinis is not considered a primary pathogen (Jacobson et al. 1991,
Dickinson et al. 2001), and because it can readily be isolated from healthy desert tortoises,
surveillance for this agent would not provide useful information for decision-making.
There are numerous serotypes of Salmonella with varying levels of pathogenicity.
Salmonella is a normal part of the intestinal flora of most, if not all, reptiles (Jacobson
2007), and illness from Salmonella in reptiles is most commonly associated with bacterial
overgrowth during periods of stress or other disease.

Rigorous quarantine periods, repeated health assessments, and necropsies (especially of
captive tortoises that had been intended for use in population augmentation) will minimize
chances of a novel agent going undiscovered. While possible, novel agents are less likely in
wild-to-wild translocations, and no mitigation strategies beyond the repeated health exams
will be implemented at this time.

In conjunction with risk-mitigation measures associated with structured, planned
translocations, wildlife management agencies should take measures to reduce the risks
associated with unauthorized releases to the wild by reducing the segment of the captive
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tortoise population that is held by the public. In particular, captive breeding should be
discouraged or prohibited unless conducted specifically in conjunction with the recovery
program and in compliance with USFWS controlled-propagation policies (USFWS and
National Oceanic and Atmospheric Administration 2000).

Implementation and Review

The recommendations in this assessment have begun to be implemented. Implementation
occurs through revisions to the translocation guidance (USFWS 2012a), health assessment
handbook (USFWS 2013, 2015) and training program, and through permitting of projects.

While we have taken care to conduct a high-quality qualitative risk assessment with
responsible risk tolerance and mitigation choices, we must plan for unexpected outcomes.
If a translocation appears to result in a disease outbreak, translocation of additional
tortoises at that site should cease. Subsequent action will be dependent on the nature of the
outbreak. Focused data collection on the health status of tortoises in the population should
be undertaken for evaluation and identification of specific corrective actions as
recommended by a panel of individuals with expertise in wildlife disease and management.

By requiring monitoring of translocations (USFWS 2012a), information will be collected to
test our assumptions and hypotheses and to further inform us about disease dynamics.
With new information (e.g., virulence of strains, discovery of novel agents, etc.), we can
review the risk assessment and make updates where necessary. New information should
be reviewed for inclusion in formal updates to the risk assessment. Should potentially
severe disease issues arise prior to formal updates to the analysis, those situations should
be addressed immediately and the translocation and monitoring plans updated
accordingly.

Risk Communication

We will communicate our assessment of risk via this report. Prior to finalizing the report,
we solicited peer review. Several prominent disease and epidemiology experts with
experience in desert tortoises were not part of our original panel of experts that conducted
the assessment. Intentionally, we wanted people from this specific area of expertise to be
able to provide critical review of our process and decisions. We requested review (but did
not receive in all cases) from these individuals in addition to others with pertinent
expertise. We revised the report based on comments from the reviewers; the comments
and responses are on file with the USFWS. We also engaged reviewers in further discussion
in some situations.

The final report will be made widely available, such that the contents can be considered by
those making decisions relative to translocation of desert tortoises. Specifically,
representatives from the BLM and state wildlife