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Background and Overview.  In 1990 the desert tortoise (Gopherus agassizii) was Federally- and State-listed as a threatened species.  The listings were confined to populations in the northern one-third of the geographic range, specifically populations occurring north and west of the Colorado River in California, Nevada, northern Arizona, and Utah (Fish and Wildlife Service 1994).  The species was listed for many reasons, including population declines, habitat loss and degradation. In the 1970's and early 1980's, key sources of loss included poaching, vandalism, vehicle kills both on and off road, livestock grazing, agricultural and urban developments, mining, and energy development.  By the late 1980's, two major diseases (mycoplasmosis and cutaneous dyskeratosis [shell disease]) appeared and were correlated with population declines in some areas (Jacobson et al. 1991, 1994; Berry and Medica 1995; Berry 1997; Brown et al. 1999).

In 1989-1990, research programs on health and diseases of tortoises were initiated by the Bureau of Land Management and the California Department of Fish and Game.  The subjects included: (1) defining clinical and laboratory parameters of healthy versus ill tortoises; (2) determining causes of diseases, e.g., identifying pathogens causing or contributing to upper respiratory tract disease (URTD) and shell diseases; (3) understanding the epidemiology of the diseases;  (4) identifying  and understanding factors that contribute to ill health (e.g., nutrition, toxicosis); and (5) developing methods to recover populations.  Such programs have continued through the support of government agencies and private industry.       

Some aspects of healthy tortoises have been defined, such as clinical signs of health and disease (Berry and Christopher In press), typical hematological and plasma biochemical parameters (Christopher et al. 1999), structure of bone marrow (Garner et al. 1996), scute (horny plates of keratin on the shell; Homer et al. 2000), and trace elements in tortoise shell (Knight et al. 1998).  Progress has been made on understanding and testing for URTD, an infectious disease caused by Mycoplasma agassizii and other Mycoplasma sp. (Jacobson et al. 1991, Brown et al. 1999).  Progress has been slower on understanding shell diseases (Jacobson et al. 1994, Homer et al. 1998, Christopher et al. In prep.).

Elemental toxicity appears to be have a critical role in the overall health and well-being of desert tortoises.  For example, levels of mercury in the livers of tortoises ill with URTD was 11 times higher than in control tortoises (Jacobson et al. 1991).  Tortoises with shell disease also appeared to be affected by either a toxicosis or nutritional deficiency or both (Jacobson et al. 1994, Homer et al. 1996, 1998).      

Partners, Roles, and Research Issues and Questions.  To address the subject of elemental toxicity and its role in desert tortoise health and disease, I assembled a team of research scientists, including B. Homer and M. Christopher (veterinary pathology), geology (G. Haxel), and geochemistry (M. Chaffee, R. Knight).  Collectively we are conducting research on:  composition of the shell, frequency of shell and other diseases in tortoise populations, causes of shell diseases and other diseases, roles of potentially toxic elements in health and diseases (Berry et al. In prep.; Homer et al. In prep.), new techniques for studying toxicants in tortoises (e.g., see Domico et al. 2001),  potential pathways of toxicants into tortoises via soils, vegetation, and alien plants (Chaffee et al. 1998, 1999, 2000, In prep.), as well as air.

Disease-related Declines in Desert Tortoise Populations Continue.  Disease-related population declines have continued to occur in California into the 1990's.  Populations that were stable or increasing in the 1980's and early 1990's in the eastern part of California (in Ward, Fenner, and Chemehuevi valleys) have declined precipitously (Berry 1999, 2000).  The high mortality rates appear associated with shell and metabolic diseases (Homer et al. In prep.), as well as elevated levels of some elements.  Anthropogenic impacts typical of the 1970's and 1980's such as vandalism, off-road vehicle use, and poaching, are not the major source of the recent high mortality rates.  One site, Goffs in Fenner Valley, was considered the Gold Standard for stable desert tortoise populations.  At Goffs, tortoises appeared to be dying of liver atrophy, shell diseases, metabolic disease, and elevated levels of several elements.

Toxicology: Arsenic.  Necropsies of salvaged ill, dying, and recently dead wild tortoises are a valuable source of research data on elemental toxicity.  We evaluated 41 such tortoises from California, using healthy road- or tank-killed tortoises as controls (Homer et al. In prep., Berry et al. In prep.).  Three tissue types were available: scute, kidney, and liver.    Samples were sorted by desert region: West (west Mojave Desert), Central (central Mojave Desert), and East (northeastern and eastern Mojave and Colorado deserts). In one set of analyses, ill tortoises were treated as a single group, whereas in other analyses, ill tortoises were separated into four disease types: metabolic disease, infectious disease, shell disease (cutaneous dyskeratosis), and URTD/mycoplasmosis.  We selected 11 elements: arsenic, cadmium, chromium, copper, iron, mercury, molybdenum, nickel, lead, selenium, and zinc for one set of analyses.  We used ANOVA testing and set the significance level at P< 0.05.  We examined the 11 elements and the three tissue types and found that elemental concentrations did not differ significantly by tissue type in control tortoises.  However elemental concentrations differed significantly by tissue type in tortoises ill with shell disease, infectious diseases, metabolic disease, and mycoplasmosis.

Arsenic appears to be one of the major players in elevated levels of toxicants in tortoise tissues. Arsenic concentrations differed significantly by tissue type. Arsenic was concentrated in scutes.  Ill tortoises had significantly higher values than did healthy/control tortoises (Fig. 1).  However, when the three tissue types in control tortoises were compared with the four different types of diseases, there were no significant differences by disease type.    All ill tortoises showed elevated levels of arsenic.  The Fishers PLSD multiple comparison test showed a significant difference between the controls and tortoises with metabolic disease. Arsenic concentrations differed significantly by desert region and tissue type.  Tortoises from both the West and East Regions contained elevated levels of arsenic.  

Our understanding of the role of potentially toxic elements, such as arsenic, and the cumulative and/or synergistic effect of multiple potentially toxic elements is at a rudimentary stage.  We need to know much more about toxicity levels in the tortoise, elemental accumulation by size and age class, pathways in the environment, and why such problems are appearing now.  We need to know if and how arsenic and other elements contribute to disease processes and survivorship.  One of the more puzzling questions is how the environment where tortoises live changed between ~1970-1985 and 1986-2000.   For example, in the 1970’s and early 1980’s shell diseases were in low frequencies and disease-related mortality rates were much lower.  
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Figure 1.  Results of ANOVA testing:  comparisons of arsenic concentrations in three different tissue types (keratin = scute) in control versus ill (diseased) tortoises from the California deserts.  



































































