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Abstract: Infectious and noninfectious diseases have had major impacts on free-ranging wildlife 
populations, and are especially important when recovering species at risk. For example, disease 
has hindered recovery of the black-footed ferret (Mustela nigripes), bighorn sheep (Ovis 
canadensis), Florida panther (Puma concolor coryi), pygmy rabbit (Brachylagus idahoensis), 
wood bison (Bos bison athabascae), and southern sea otter (Enhydra lutris nereis). Additionally, 
disease brought the peregrine falcon (Falco peregrinus) to the brink of extinction in the 1970s, 
and caused the extinction of a Partula spp. terrestrial snail in the early 1990s. When a single 
disease can extirpate a remnant population, or when managers are forced to use tools such as 
translocation or captive breeding, which may increase the risk of disease impacts, managers must 
be proactive about disease risks. We suggest using a multi-tiered process when addressing disease 
concerns for species at risk: 

• When planning species recovery, consider disease as a factor that can impact the success 
of recovery efforts. 

• Evaluate potentially important infectious and noninfectious diseases. 
• Be cognizant about the risk of introducing diseases when translocating species or when 

propagating species at risk in captivity. It is easier to prevent the introduction of a 
disease than to manage or eradicate it. Exercise the precautionary principle, recognizing 
that there can be diseases of concern that have not yet been documented for the species in 
question. 

• Keep in mind that treatment of individuals or vaccinations are not the only strategies 
available for disease management. Disease in a population can be managed by 
manipulating one or more of the following: the pathogen or toxin, the population, the 
environment, or human activities. 

• Monitoring disease management strategies is important to assess efficacy. 
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Introduction and Methods 
 

Disease is a major ecological force and should always be considered as a factor that can 
impact the recovery of species at risk. There is no doubt that the role of disease in wildlife 
conservation was “radically underestimated” (Leopold 1933) by early conservationists. Even 
though determining the impact of disease can be difficult (McCallum 1994), we have since 
learned that disease has the potential to directly affect host survival and cause catastrophic die-
offs (Young 1994), and also that it can indirectly affect host survival by increasing host 
susceptibility to predation or by reducing competitive fitness (Scott 1988).  

Addressing disease concerns for species at risk is challenging and can seem overwhelming. 
Often very little is known about diseases of species at risk. Even when there is a considerable 
body of knowledge about diseases in a particular species, disease in a population is not static, and 
anthropogenic factors (Harvell et al. 1999; Daszak et al. 2001) and climate change (Harvell et al. 
1999, 2002) influence disease risk. Complicating the matter further, more work is still needed to 
take what we know about wildlife diseases and conservation medicine and integrate it into 
practical actions that will help conserve wildlife more effectively (Deem et al. 2001).  

We suggest that managers use a multi-tiered process when addressing disease concerns for 
species at risk. We use examples to illustrate this process. While these examples focus on wildlife 
diseases, we recognize that diseases also can affect plants (e.g., sudden oak death: Rizzo and 
Garbeletto 2003) and invertebrates (e.g., withering syndrome of abalone: Richard and Davis 
1993; Alstatt et al. 1996), and hope that this process will still be helpful for mangers working 
with non-vertebrate taxa at risk.  

We recommend five points for addressing disease concerns: 
1. When planning species recovery, consider disease as a factor that can impact the success 

of recovery efforts. 
2. Evaluate potentially important infectious and noninfectious diseases. 
3. Be cognizant about the risk of introducing diseases when translocating species or when 

propagating species at risk in captivity. It is easier to prevent the introduction of a 
disease than to manage or eradicate it. Exercise the precautionary principle, recognizing 
that there can be diseases of concern that have not yet been documented for the species in 
question. 

4. Keep in mind that treatment of individuals or vaccinations are not the only strategies 
available for disease management. Disease in a population can be managed by 
manipulating one or more of the following: the pathogen or toxin, the species at risk, the 
environment, or human activities. 

5. Monitoring disease management strategies is important to assess efficacy. 
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Results and Discussion 
 
 
When Planning Species Recovery, Consider Disease as a Factor That Can Impact the Success 
of Recovery Efforts 
 

When drafting a plan for recovery of a threatened or endangered species, it is customary to 
identify historic and current threats to the species of concern, and to mitigate those threats 
through specific activities that maximize the population’s short- and long-term viability. In 
addition to factors such as habitat availability and quality, food availability, anthropogenic 
threats, population fecundity and genetic heterogeneity, disease must also be considered as a 
factor that has the potential to impact the success of a recovery effort (Wolfe and Seal 1993; Hess 
1994; Simonetti 1995). Disease has hindered recovery of the black-footed ferret (Mustela 
nigripes) (Thorne and Williams 1988; Williams et al. 1988); peninsular bighorn sheep (Ovis 
canadensis) (U.S. Fish and Wildlife Service 2000); Florida panther (Puma concolor coryi) 
(Roelke et al. 1993; Cunningham et al. 1999); pygmy rabbit (Brachylagus idahoensis) (Mansfield 
et al. 2003); wood bison (Bos bison athabascae) (Tessaro et al. 1990); and southern sea otter 
(Enhydra lutris nereis) (Kreuder et al. 2003). Additionally, disease brought the peregrine falcon 
(Falco peregrinus) to the brink of extinction in the 1970s (Risebrough 1986), and caused the 
extinction of a Partula spp. terrestrial snail in the early 1990s (Cunningham and Daszak 1998).  

Wildlife health specialists can provide assistance with matters relating to disease and 
population health, and should be consulted or utilized by species recovery teams throughout the 
recovery process. Although they are only a small part of the conservation team, wildlife health 
specialists bring diagnostic skills needed to determine the causes of sickness and death in wild 
animals, evaluate the impact of identified diseases and parasites on the population at risk, help 
define the disease interrelationships between wildlife and domestic animals, and ultimately, 
devise ways to prevent, control, or eliminate major disease problems for threatened or endangered 
species (Nettles 1992). 
 
 
Evaluate Potentially Important Diseases 
 

As a starting point, it is important for managers to determine which disease agents are threats 
to populations of concern. This can be difficult because some species have not been well studied 
from a disease perspective. For example, a recent review of infectious disease threats to a small 
declining population of killer whales (Orcinus orca) revealed only three infectious agents 
reported from free-ranging killer whales and only 13 more pathogens reported in captive killer 
whales (Gaydos et al. 2004). With so little information, it is difficult to assess disease risk. For 
other species, disease information is more abundant. A health protocol used to evaluate disease 
risk for translocating elk (Cervus elaphus), for example, identified 190 infectious agents and 
ectoparasites (Corn and Nettles 2001).  
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Regardless of the scarcity or abundance of available information, it is important for managers 
to develop a list of potential disease risks for the species of concern. This list should include 
noninfectious causes such as toxins and environmental contaminants, infectious diseases to which 
the animals are known to be susceptible, and potential infectious diseases that are known to infect 
closely related domestic animals or sympatric wild animals (Gaydos and Corn 2001).  

Once developed, the list of potential disease risks should be evaluated to determine which 
diseases pose a threat to the recovery or long-term viability of the population. Mitigation or 
prevention strategies should be developed for these high-risk diseases. It is important to stress 
that the goal is prevention or control of diseases that may impact the population, not to develop a 
disease-free population. For very small populations and when captive propagation is used as a 
tool for recovery, population viability can depend on the performance of key individuals. In these 
cases, treatment of individual animals can become an integral component of population health 
(American Association of Zoo Veterinarians 1993). 

Recovery teams need to make efforts to collect ongoing information about diseases in 
threatened and endangered species and to use this information to continually reassess the list of 
potential disease risks. When individual animals are captured and handled, the opportunity should 
be used to collect blood or other tissues, which can be evaluated for exposure to infectious and 
noninfectious diseases. Additionally, collection and complete necropsy of all dead animals is a 
critical component of collecting information about diseases of concern. We strongly recommend 
that all dead animals receive a comprehensive gross necropsy examination; a microscopic 
evaluation of tissues (histopathology) conducted by a pathologist experienced in wildlife 
diseases; ancillary testing for bacteria, viruses, and fungi; and screening for heavy metals and 
contaminants.  

The use of radio transmitters to monitor species at risk can be an excellent opportunity for 
biologists and disease specialists to collaborate and learn more about diseases in the population of 
concern (Spalding and Forrester 1993). Samples can be taken when animals are handled, and if 
radio-tagged animals are followed until death, they can be retrieved in a relatively rapid and 
systematic manor and submitted for postmortem necropsy.  

The Florida panther recovery program provides a good example of how to evaluate 
potentially important disease risks and incorporate them into a recovery plan. It also provides an 
example of the value of remaining open and willing to alter plans based on continual assessment 
of diseases and disease risk. Low population numbers, increased human presence, diseases and 
parasites, and reduced prey base are recognized threats to the survival of the Florida panther (U.S. 
Fish and Wildlife Service 1987). During early recovery planning, a comprehensive list of 
infectious disease agents that might affect the panther was developed (Roelke et al. 1991). 
Samples collected from live and dead panthers helped to create a list of 61 contaminants, tumors, 
anomalies, parasites, and infectious disease agents in this subspecies (Forrester 1992). 
Veterinarians assisted with chemical capture and immobilization and sample collection for 
disease screening. They also provided treatment to injured and ill animals, and performed 
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postmortem necropsies. Three viruses and one parasite were targeted for intervention, and 
panthers were vaccinated and dewormed on an annual or biannual basis depending on the capture 
interval (Roelke and Glass 1992). Additionally, because postmortem necropsies demonstrated 
that road mortality was a major mortality factor (Maehr et al. 1991), road underpasses were 
constructed, which significantly reduced mortality at one major highway site (Maehr 1997). 
 
 
Translocation and Disease Risk 
 

Translocation of genetically similar individuals to establish a new population or augment an 
existing population is sometimes used as a recovery tool. Source animals can come from more 
robust but separate wild populations or from captive breeding. Such translocation efforts should 
not be undertaken without first addressing disease risks.  

Several good reviews address different aspects of disease and translocation, and warrant 
review by managers who are considering translocation as a tool for species recovery (Davidson 
and Nettles 1992; Jessup 1993; Griffith et al. 1993; Wolfe and Seal 1993; Cunningham 1996; 
Gaydos and Corn 2001). Briefly, risks include the movement of a disease agent into a release 
area, exacerbation of an existing disease problem by introduction of additional pathogens, and 
exposure of translocated wildlife to diseases already present at the release area (Gaydos and Corn 
2001). By far, the greatest hazard is the introduction of a new disease through translocation. A 
well known example of this was the translocation of 6000 plains bison (Bos bison bison) to an 
area with an established wood bison herd numbering about 1500. That translocation inadvertently 
introduced bovine brucellosis (Brucella abortus) and bovine tuberculosis (Mycobacterium bovis) 
into the wood bison herd (Tessaro et al. 1990; Carbyn and Watson 2001). Because there are no 
effective treatment or immunization methods for either disease, the introduction of these diseases 
and the hybridization that also occurred with this translocation remain political and biological 
problems for managing wood bison 75 years after the translocation.  

A comprehensive disease risk assessment will help managers evaluate the potential for 
introducing pathogens and exposing animals to new pathogens at a release site, and a risk 
reduction protocol can facilitate safer translocation. Remember, however, there can always be 
diseases of concern that have not yet been documented for the species in question, so from a 
disease perspective, there is no such thing as a risk-free translocation. Because it is easier to 
prevent the introduction of a disease than to manage or eradicate it, managers should exercise the 
precautionary principle when translocating animals.  
 
 
Disease Management Options 
 

When considering disease as a factor that can impact the success of a recovery effort, 
managers will ultimately be faced with the question of what can or should be done to mitigate for 
diseases that are determined to be important. Disease management in wildlife can be categorized 
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into three categories: prevention, control, and eradication (Wobeser 1994). For each of these 
options, treatment or action can occur at the level of the individual animal or at the level of the 
population and can be directed at manipulating the disease agent, the host population, the 
environment, human activities, or a combination of these (Wobeser 1994).  

The management of lead poisoning in waterfowl is an example of controlling disease by 
manipulating the disease agent: lead shotgun pellets and human activities. Ducks and other 
aquatic birds can ingest lead shot while feeding, and at one time, lead poisoning was estimated to 
kill over one million birds annually (Wobeser 1997). To manage this noninfectious disease, a 
steel shot was developed and was mandated for use for waterfowl hunting.  

The control of rinderpest in African wildlife is an example of managing disease by 
manipulating a combination of the agent and the host population. Rinderpest is an infectious 
disease caused by a morbillivirus. Since its introduction into Africa in the late 1800s rinderpest 
has caused catastrophic losses of wildlife and livestock (Plowright 1982). Large populations of 
susceptible animals are necessary to sustain the virus, which has moved between wildlife and 
domestic animals, especially between African buffalo (Syncerus caffer) and domestic cattle, since 
being introduced to Africa (Rossiter 2001). The development of a safe and efficacious vaccine for 
cattle allowed for widespread cattle vaccination campaigns (Plowright 1982). By effectively 
decreasing the threshold of susceptible animals needed to sustain the rinderpest virus, the cattle 
vaccination campaigns have effectively eradicated the virus from both cattle and wildlife and 
stopped outbreaks in certain regions (Rossiter 2001).  
 
 
Monitor Management Efficacy 
 

Attempts to manage disease in species at risk should always be combined with plans for 
monitoring and evaluating management efficacy. By deciding at the onset how management 
actions will be monitored and what will determine success, managers can more effectively 
determine if management attempts are beneficial and whether or not management actions should 
be continued or altered. This can be difficult, as often threatened or endangered populations are 
small and the importance of every individual can prohibit division of animals into treatment and 
no-treatment categories. For example, 65 mountain gorillas (Gorilla gorilla beringei) in the 
Virunga volcanoes region of central Africa were vaccinated during a measles-like respiratory 
outbreak in 1988 (Hastings et al. 1991). Dividing animals into vaccinated and non-vaccinated 
groups to monitor vaccine efficacy was not realistic due to the extremely small size of the 
population and the importance of all individuals to the population; consequently, all gorillas 
except pregnant ones were vaccinated. Signs of respiratory disease ceased after the vaccination 
program was initiated, however, the role of vaccination in preventing spread of the disease really 
could not be adequately evaluated. Despite potential difficulties in assessing disease management 
efficacy, assessment of action should be planned and conducted as a part of all disease 
management efforts.  
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Conclusions 
 

Considering disease as a potential threat to the long-term viability of threatened or 
endangered species at the onset of recovery planning is the first step in averting disease-related 
problems during recovery. Managers also need to continually assess disease risks and impacts 
during the recovery process. When diseases of catastrophic potential are identified, disease 
management actions should be undertaken and evaluated for success. Disease is a major 
ecological force, and identifying and mitigating disease risks are critical components of 
recovering species at risk.  
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