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AbstrAct.—Diseases are becoming an important issue in the decline of certain reptile populations 
and they have been incriminated in some dramatic epidemic events around the world. Emerging 
infectious diseases are also of concern, some having been associated with the introduction or 
translocation of species. Unfortunately, information on diseases in wild reptile populations is 
rather limited. We reviewed the existing international literature for reports on abnormalities, 
diseases, and mortalities in reptiles. This literature includes 120 published reports concerning 
Canadian reptile populations. The Canadian accounts include 1 lizard, 11 turtle, and 16 snake 
species. Information was fragmentary and consisted mostly of reports of internal parasitism, 
colour mutations and variations, and road mortality events. Extremely little information was 
available on the prevalence of infectious agents and their impact at the population level. 
Considering the precarious status of most Canadian reptile species, there is an urgent need for 
baseline information on the health of these animals in order to establish sound conservation 
programs. Such information will allow improved population management of reptile species by 
diminishing the risk of disease propagation in vulnerable populations.

résumé.—Les maladies deviennent une préoccupation majeure dans le déclin de certaines 
populations de reptiles. Elles ont été incriminées dans des cas d’épidémies sévères à travers le 
monde. Les maladies infectieuses émergentes sont également préoccupantes, certaines ayant 
été associées avec l’introduction ou la relocalisation de certaines espèces. Malheureusement, 
l’information disponible sur les maladies des populations sauvages de reptiles est plutôt limitée. 
Nous avons passé en revue la littérature internationale portant sur les anomalies, les maladies 
et les mortalités de reptiles. Cette littérature inclut 120 rapports publiés sur des populations de 
reptiles au Canada. Ces publications concernaient une espèce de lézard, 11 de tortues et 16 de 
serpents. L’information rassemblée était fragmentaire et comprenait principalement des rapports 
sur des parasites internes, des mutations et variations pigmentaires, et des cas de mortalité 
routière. Très peu d’information était disponible sur la prévalence d’agents infectieux et sur 
leurs impacts au niveau des populations. Considérant la situation précaire de la plupart des 
espèces de reptiles au Canada, il y a un besoin urgent de données de base sur la santé de ces 
animaux afin de mettre en place des programmes de conservation judicieux. Ces informations 
nous permettront d’améliorer la gestion des populations de reptiles en diminuant le risque de 
propagation de maladies dans des populations vulnérables.

Reptile populations are facing a global decline (Gibbons et al. 2000; Klemens 2000). Although  
  habitat loss and degradation have been cited as the primary factors, disease has also been 

mentioned as one of the potential causes. Abundant literature is available on the diseases of reptiles 
in captivity. However, little information is available on the occurrence, prevalence, and virulence of 
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infectious agents in wild reptile populations (George 1997; Crawshaw 2000; Flanagan 2000). This is 
particularly true for Canada, where reptiles are largely understudied compared with other vertebrate 
groups. During the relatively recent implementation of Canadian policies and legislation at both 
provincial and federal levels for the conservation of threatened and endangered species of wildlife, the 
lack of information for most of the 46 native Canadian reptile species (6 lizards, 26 snakes, 10 turtles, 
and 4 marine turtles) has been emphasized. Many of these reptile species are in a precarious situation, 
and there is only limited knowledge of their ecology and population dynamics with which to establish 
sound conservation programs (Shank 1999; Alvo and Oldham 2000).

Identification of diseases and understanding their role in population dynamics are of primary 
importance for conservation. Diseases and parasites have often been neglected and are often considered 
to have a limited role in reptile ecology, but there is increasing evidence of effects on individual and 
population biology (Spalding and Forrester 1993). Recent epidemic events have been documented in 
various chelonian populations in the United States. Fibropapillomatosis in marine turtles and upper 
respiratory tract disease in tortoises are well-documented examples in which a disease quickly affects 
large numbers of individuals and causes dramatic population declines (Jacobson et al. 1991b, 1995; 
Herbst 1994; Williams et al. 1994; Brown et al. 1999; McLaughlin et al. 2000). Fibropapillomas were 
found on up to 85% of captured Green Seaturtles, Chelonia mydas, in Florida and the Hawaiian Islands 
in the 1980s and early 1990s (Williams et al. 1994). Upper respiratory tract disease (mycoplasmosis) 
became epidemic in a population of Desert Tortoises, Gopherus agassizii, from Las Vegas Valley in 
Nevada and appeared to cause widespread mortality; the number of captured individuals dropped from 
204 to 13 individuals in 10 yr (Jacobson et al. 1995). In other situations, different chelonian species 
were affected by shell disease but the primary cause of the condition was not determined (Dodd 
1988a; Jacobson et al. 1994; Lovich et al. 1996; Garner et al. 1997; Ernst et al. 1999). A population of 
G. agassizii in California experienced a 70% mortality rate over 6 yr concomitant with shell disease 
(Jacobson et al. 1994). Diseases subsequently have been recognized as a potential threat for some 
North American chelonian species (Ernst 1995; Jacobson et al. 1995).

The increasing global exchange of goods, humans, and live reptiles in the pet and food trade has 
facilitated the spread of exotic species within and between continents (Pendlebury 1977; Carlton and 
Geller 1993; Allen et al. 1994; McCallum and Dobson 1995; Harvell et al. 1999; Ruiz et al. 2000). 
In the United States, several reptile species introduced to new areas from outside or within the 
continent are already established (Conant 1961, 1977), particularly in Florida and California (Bury 
and Luckenbach 1976; Wilson and Porras 1983). Alien plants and animals can disrupt ecosystems 
and introduce diseases (Allen et al. 1994; Gibbons et al. 2000). An increase in the alteration of the 
environment through anthropogenic activities in past decades has been accompanied by an increase 
in detection of emerging infectious diseases in wildlife (Harvell et al. 1999; Carey 2000; Daszak et al. 
2000). Upper respiratory tract disease in G. agassizii is an example of a disease spread through pet 
trade and incidental release (Jacobson 1994; Jacobson et al. 1995). Ophidian paramyxovirus infection 
and the boid inclusion body disease are examples of diseases spread worldwide by movement of captive 
animals in the past 2 decades (Jacobson 1993a,b). 

Some factors may increase the susceptibility of Canadian reptile populations to dramatic epidemic 
events. Reptile species found in Canada are not exclusively endemic to this country, but rather they 
are at the northern limit of their more southerly ranges. Climate may serve as a natural stress on 
many species regardless of their biological adaptations (Gregory 1977, 1982). Diseased and injured 
individuals with suppressed immune systems are more at risk of dying during hibernation (Metcalf 
and Metcalf 1979; Willis et al. 1982). Some populations are naturally isolated from the species, main 
range, for example Blanding’s Turtles, Emydoidea blandingii, in Nova Scotia, Spiny Softshells, Apalone 
spinifera, in Québec’s Lake Champlain, and Sharp-tailed Snakes, Contia tenuis, on Gulf Islands in 
British Columbia. Habitat loss and fragmentation resulting from human activities increase isolation 
of populations, particularly in the southern part of Canada where most of the reptile species are found 
(Cook 1984; McKenney et al. 1998). This geographical and genetic isolation, and low population 
densities, may reduce the capacity of these populations to endure, and recover from, epidemic disease 
events. 
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To better appreciate the role of diseases in wild reptiles, we reviewed the existing literature up to 
2006 for information on disease in chelonians, snakes, and lizards. We focused on published reports 
from Canada, but also surveyed the international literature for reports on species generally present 
in Canada. Peer-reviewed and published material has been considered almost exclusively. Our main 
objective was to gather knowledge on reptilian diseases and assess their potential impact upon natural 
population dynamics. Our review is not intended to be an exhaustive list of diseases and their clinical 
signs in captive and laboratory animals, for which abundant veterinary literature is available. We 
considered infectious and non-infectious agents such as bacteria, viruses, fungi, internal and external 
parasites, neoplasms, deformities, mutations, traumatic injuries, and toxicoses. Finally, we indicate 
important areas for future research on the health of wild reptile populations in Canada.

inFectious agents

Diverse infectious agents are pathogenic for reptiles. Reptilian immune system response is dependent 
upon extrinsic factors, particularly environmental temperature, nutritional state, age, population 
density, season of the year, and other ecological factors (Kollias 1984; Frye 1991c). Reptiles generally 
show seasonal lymphoid cycles which affect the humoral immune response according to the season 
(Frye 1991c). Reptiles are also host to numerous opportunistic microorganisms which are harmless 
under normal conditions, but may become pathogenic in stressful conditions that may suppress their 
immune system, such as injuries, concomitant infectious processes, chemical contaminant exposures, 
and captivity (Kollias 1984; Klingenberg 1996). These infectious agents may overwinter in their reptile 
host and may be transmitted to other species.

Bacterial Diseases
A wide variety of bacteria are involved in superficial and deep lesions, abscesses, or diseases. The most 
common pathogens belong to the genera Aeromonas, Arizona, Citrobacter, Klebsiella, Mycobacterium, 
Pseudomonas, Salmonella, Staphylococcus, and Streptococcus (Reichenbach-Klinke and Elkan 1965; 
Hoff et al. 1984; Frye 1991c). Reviews of bacterial infections and their pathogenesis in wild and captive 
reptiles, either in general or on a species-specific basis, have been published (Reichenbach-Klinke and 
Elkan 1965; Cooper 1981; Hoff et al. 1984; Frye 1991c; Mader 1996). Bacteria may be transmitted from 
other organisms or the environment, or may spread intra-organismally from diseased sites or lesions. 
They often are not pathogenic under normal conditions but may become detrimental, even fatal, as 
secondary invaders following another infection or immunosuppression (Jacobson 1984; Shotts 1984). 
For example, Salmonella are opportunistic organisms present naturally in most reptile gastrointestinal 
tracts, and under normal conditions do not cause disease in their host (Chiodini 1983; Hoff and Hoff 
1984; Frye 1991c). However, Salmonella can cause severe intestinal inflammation with electrolyte 
loss, and death following systemic infection, if the immune system of the host is stressed. The level 
of Salmonella is particularly high in turtles associated with human sewage waters and animal wastes 
(Frye 1991c). A die-off of American Alligators, Alligator mississippiensis, and several turtle species 
from Aeromonas septicemia followed a decrease of water levels in a Florida lake (Shotts et al. 1972). 
Water level declines resulted in eutrophication and an increase in the bacterial level associated with 
the sewage present in the lake. Tangredi and Evans (1997) reported ocular, nasal and otic infections 
in wild Eastern Box Turtles, Terrapene carolina, in New York, speculating that environmental exposure 
to organochlorine pesticides precipitated these opportunistic infections.

Different body systems may be more or less affected by bacterial infections. In particular, reptiles 
are prone to severe respiratory infections because of their simple respiratory system, the absence of 
a functional diaphragm, the lack of coughing or possible expulsion of mucus, and a single lung in 
most snakes (Frye 1991c; Perry 1998; Wallach 1998). However, reptiles, particularly chelonians and 
snakes, can sometimes survive chronic respiratory infections, because they use respiratory mechanisms 
other than lungs. These auxiliary respiratory mechanisms include cloacal bursae and skin, and the 
capacity for muscular anaerobiosis, all of which allow reptiles to withstand prolonged low levels of 
oxygen (hypoxia) or even absence of oxygen (anoxia) (Frye 1991c; Wang et al. 1998). Reptiles may 
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also be asymptomatic carriers of bacterial agents for several years before developing any symptoms, 
as with Mycoplasma agassizii, the causative agent of the upper respiratory tract disease of tortoises 
(Jacobson 1993a; M.B. Brown et al. 1994, 1999; Homer et al. 1998; McLaughlin et al. 2000). The 
release of captive tortoises is hypothesized to be the origin of the disease in free-ranging tortoises 
(Jacobson et al. 1995) and may be leading to the decline of some tortoise populations in the United 
States (Brown et al. 1999; McLaughlin et al. 2000).

Bacteria isolated from reptiles are rarely host-specific and are often pathogenic to non-reptilian 
organisms. The bacterium Yersinia enterocolitica is widely distributed in wild, domestic, and zoo 
animals around the world. This bacterium and related species can be pathogenic to birds and mammals, 
including humans (Johnson-Delaney 1996). In Canada, this bacterium was isolated for the 1st time 
from a snake in the wild when it was discovered in 1 of 201 living Common Gartersnake, Thamnophis 
sirtalis, specimens examined in Saskatchewan (Table 1; Kwaga and Iversen 1993). The bacterium was 
isolated from the intestinal contents without any evidence of clinical significance.

Rickettsial microorganisms are intracellular bacteria, distributed worldwide, which can be parasites 
of vertebrates and arthropods. They are the pathogenic agents of epidemic typhus and spotted fever 
in humans. Arthropods such as ticks serve as vectors (Holt et al. 1994). These bacteria have been 
found in the blood of different reptiles, which may serve as reservoir hosts for the transmission of, for 
example, Coxiella burnetii, a rickettsia causing the Q fever in mammals (Johnson-Delaney 1996). In 
Canada, rickettsia have been reported in amphibians (Desser and Barta 1984; Bonin et al. 1997) but 
not in reptiles.

Viral Diseases
Different viruses have been isolated from both sick and asymptomatic wild and captive reptiles. These 
include arbovirus, herpesvirus, iridovirus, oncovirus (C-type), paramyxovirus, parvovirus, picorno 
virus, pox virus, reovirus, retrovirus, rhabdovirus, and syncytial virus (Clark and Lunger 1981; Hoff et 
al. 1984; Frye 1991c; Jacobson 1993b; Schumacher 1996; Westhouse et al. 1996). Pathological findings 
vary with the virus and host species and include necrosis of the liver, respiratory and digestive tracts, 
plus papillomas (Schumacher 1996). In North America, herpesviruses have been isolated from marine 
turtles with fibropapillomatosis (Jacobson et al. 1991a; Herbst 1994; Herbst et al. 1998; Quackenbush 
et al. 1998; Lackovich et al. 1999). The isolation and identification of viruses are often difficult due 
to the lack of appropriate cell lines. For example, the taxonomic position of Pirhemocyton and Toddia 
intraerythrocytic particles observed in different reptile species was unclear for many years before it 
was confirmed that they were viruses (Daly et al. 1980; Telford 1984; Smith et al. 1994a). This difficulty 
in isolating and identifying viruses has probably led to underestimating their potential prevalence 
and effects in reptile health. The icosahedral virus Toddia sp. was prevalent in 58% of Northern 
Watersnakes, Nerodia sipedon, sampled in Ontario (Table 1) by Smith et al. (1994a), thus suggesting 
that the viral infection was unlikely to be clinically significant. Reptiles can also be asymptomatic 
reservoirs for some viruses (Page 1966; Clark and Lunger 1981). The western equine encephalitis 
virus was isolated from Terrestrial Gartersnakes, Thamnophis elegans, Plains Gartersnakes, T. radix, 
and T. sirtalis in Saskatchewan (Table 1), confirming these snakes as reservoir hosts (Spalatin et al. 
1964; Burton et al. 1966).

Fungal Diseases
Fungi are pathogens causing both superficial and deep infections (Austwick and Keymer 1981). Some of 
the most common fungi belong to the genera Aspergillus, Candida, Fusarium, Prototheca, Schizangiella, 
and Trichoderma (Frye 1991c; Kostka et al. 1997). Fungi commonly affect the integumentary, digestive, 
and respiratory systems. Many mycoses have been described in captive reptiles (Austwick and 
Keymer 1981; Migaki et al. 1984; Frye 1991c; Jacobson 1994). Superficial fungal infections are the 
most prevalent and are often secondary to infection by other pathogens (Rosenthal and Mader 1996). 
Hulse (1976) reported a fungal infection on the plastron of wild populations of Sonora Mud Turtles, 
Kinosternon sonoriense; the fungal colonies expanded in summer and decreased during the winter with 
no apparent detrimental effects on the turtles. We could not find published reports on the prevalence 
and potential impact of fungal infections on Canadian reptile populations.
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Table 1. Published reports of abnormalities, diseases, and mortalities in Canadian wild reptile 
populations.



1�� Patrick Galois and Martin Ouellet

Table 1. Continued.
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Table 1. Continued.
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Table 1. Continued.
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Table 1. Continued.
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Table 1. Continued.
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Table 1. Continued.
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Table 1. Continued.
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Table 1. Continued.



144 Patrick Galois and Martin Ouellet

Table 1. Continued.
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parasites

A large number of parasites have been described in reptiles. Internal parasites include organisms such 
as protozoans, helminths, and pentastomes; external parasites such as leeches and arthropods have 
also been recorded. The life cycle of these organisms may vary from simple, with the infectious form 
being passed directly between host individuals from the same species, to complex, with one or several 
intermediate hosts associated with different developmental stages of the parasite. Although parasites 
are relatively easy to find, their association with a disease is often difficult to confirm. Pathogenicity 
is generally considered limited as parasites may be present without noticeable effects on the host, 
including disease, even in the final host. The impact of these parasites on wild reptile populations 
has not been well documented and actual knowledge of their effects stems mainly from studies with 
captive animals.

Internal Parasites
Protozoans.—Protozoans are single-celled eukaryotes. Protozoan parasites found in reptilian species 
are categorized into 4 phyla: Apicomplexa, Ciliophora (ciliates), Microspora, and Sarcomastigophora 
(amoebo-flagellates) (Barnard and Upton 1994). However, systematic classification is continually 
changing (Barnard and Upton 1994; Siddall et al. 1995), particularly in the phylum Apicomplexa 
(Barta 1989; Siddall and Desser 1991; Siddall 1995; Smith 1996; Smith and Desser 1997a). Protozoan 
parasites are well documented in reptiles, but their life cycle and pathogenicity are often unclear or 
unknown. A synopsis of protozoan parasites of turtles from North America is provided by Ernst and 
Ernst (1979) and non-hemoparasitic protozoans were reviewed by Frank (1984). General reviews for 
reptiles may be found in Reichenbach-Klinke and Elkan (1965), Hoff et al. (1984), and Barnard and 
Upton (1994).

Coccidian (Apicomplexa) parasites in reptiles include a large number of genera. The significance of 
coccidiosis in reptile species is still poorly understood (Lane and Mader 1996) and little is known 
about these pathogenic organisms partly because of difficulty in identification (Cranfield and Graczyk 
1996; Smith et al. 1999). Different species may infect the same individual, and the same species may 
infect different host species (Deeds and Jahn 1939; Telford 1970; Wacha and Christiansen 1974, 1976, 
1977). For example, Cryptosporidium is a protozoan infecting the gastrointestinal and, occasionally, 
the respiratory and biliary tracts. Reptiles with cryptosporidiosis may show no clinical signs of disease. 
Upton et al. (1989) examined the intestinal contents and feces in 75 species of wild and captive reptiles 
and found Cryptosporidium spp. in only 6 North American species. Jacobson (1993a) suggested that a 
virus may compromise the immune system thereby allowing this protozoan to cause cryptosporidiosis. 
Eimeria is the most frequently reported genus of coccidia in apparently healthy chelonians (McAllister 
and Upton 1989). 

Other coccidian genera commonly reported in reptiles are Caryospora, Cyclospora, Isospora, and 
Sarcocystis (Levine and Tadros 1980; Frank 1984; Upton et al. 1986; Frye 1991a; Lane and Mader 
1996). In 1987, an intranuclear coccidian, Isospora manchacensis, was reported for the 1st time in 
a North American reptile, the Little Brown Skink, Scincella lateralis, from Louisiana (Atkinson and 
Ayala 1987). McAllister and Upton (1989) emphasized in a review that only 30 coccidian species had 
been described in turtles worldwide and that most of the coccidia infecting turtles were still to be 
discovered. More research is certainly needed to identify reptile coccidian parasites, establish their 
life cycles, and assess their role in reptile health (Smith 1996).

Hemogregarines (Apicomplexa) are common blood parasites of reptiles including Haemogregarina sp. 
found in turtles, and nearly 200 Hepatozoon sp. have been described in lizards and snakes (Marquardt 
1966; McAuliffe 1977; Telford 1984; Siddall 1995; Smith 1996; Smith et al. 1996, 1999; Telford et 
al. 2001). Invertebrate organisms, which include leeches (Siddall and Desser 1990, 1991, 2001), 
mosquitoes (Oda et al. 1971; Smith et al. 1994b, 1996), and tabanid flies (DeGiusti et al. 1973), are 
potential vectors of the parasite. Reptiles can also be infected through ingestion of infected intermediate 
hosts such as frogs and lizards (Lowichik and Yaeger 1987; Smith 1996; Smith et al. 1996). In Texas, 
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Wang and Hopkins (1965) found Haemogregarina sp. in 8 freshwater turtle species with 75% of the 44 
turtles infected. In Algonquin Park, Ontario, Desser (1973) examined 37 Snapping Turtles, Chelydra 
serpentina, and found all turtles parasitized with hemogregarines (Table 1). Haemogregarina was 
found in 3 turtle species and Hepatozoon was found in 4 snake species in Canada (Table 1). These 
common parasites are rarely associated with clinical diseases (Campbell 1996). For example, G.P. 
Brown et al. (1994) found that hemogregarine parasites had no effect on the reproductive success of 
female C. serpentina from a site in Ontario.

The amoeba (Sarcomastigophora) Entamoeba invadens is one of the most clinically important parasites 
infecting captive and wild reptiles (Lane and Mader 1996). Geiman and Ratcliffe (1936) described 
the different stages of the life cycle of Entamoeba invadens in naturally and artificially infected 
Eastern Racers, Coluber constrictor, Mississippi Green Watersnakes, Nerodia cyclopion, Diamond-
backed Watersnakes, N. rhombifer, and N. sipedon. There were no characteristic clinical signs and 
death was either sudden or following long debilitation. In Canada, different Entamoeba species have 
been reported in apparently healthy turtles and snakes (Table 1). Meerovitch (1958) suspected that 
Entamoeba invadens was a commensal in turtles but pathogenic in snakes.

Trypanosomes (Sarcomastigophora) are flagellate protozoa found in the blood and require blood-
sucking invertebrate hosts such as leeches and mosquitoes for their transmission (Woo 1969a; 
Siddall and Desser 1992a; Campbell 1996). They are often seen in the blood of reptiles but most are 
not considered pathogenic. In Canada, trypanosomes have been reported in 1 snake and 2 turtle 
species (Table 1). Woo (1969b) found trypanosomes in 2 of 4 turtle species examined in Ontario with 
a prevalence of 8 to 20% of animals infected in 3 different sites. 

Helminths.—Many helminths, which include nematodes, cestodes and trematodes, are parasites of 
reptiles (Reichenbach-Klinke and Elkan 1965; Ernst and Ernst 1977; Hoff et al. 1984). Helminth 
species of the same group (Phylum, Class, Order, Family), or from different groups, can be found 
simultaneously in the same individual or population, and the helminth community composition can 
differ between host populations and habitats (Judd 1960; Esch and Gibbons 1967; Telford 1970; Esch 
et al. 1979a,b; Timmers and Lewis 1979; Rau and Gordon 1980; Goldberg et al. 1998). Factors such 
as host age, diet, thermoregulatory behaviour, and season have been shown to influence the helminth 
community in chelonians (Esch et al. 1990) and snakes (Rau and Gordon 1978, 1980). 

Nematodes or roundworms (Phylum Nematoda) are found in various organs of wild reptiles, but 
particularly in the intestines and lungs (Reichenbach-Klinke and Elkan 1965). More than 1000 species 
of nematodes have been reported in amphibians and reptiles (Baker 1984, 1987). The majority are 
monoxenous, i.e., do not require an intermediate host (Anderson 2000). Nematode parasites of reptiles 
include members of the following orders: Ascaridida, Oxyurida, Rhabditida, Spirurida, and Strongylida. 
Nematodes are rarely harmful in healthy adults, but may become detrimental in juveniles, or under 
conditions of stress (Reichenbach-Klinke and Elkan 1965). Ascarids are large nematodes that generally 
develop via an intermediate host such as a frog or rodent. Ophidascaris is a well-known parasite of 
snakes with O. labiatopapillosa found particularly in North American watersnakes (Lane and Mader 
1996). Oxyurid nematodes (pinworms) are common parasites of reptiles except crocodilians (Lane 
and Mader 1996), and are usually monoxenous and host specific (Frank 1981b; Anderson 2000). Their 
pathogenicity is generally low but they can be debilitating when they occur in exceptionally large 
numbers (Frank 1981b). Rhabditid nematodes (lungworms) of the family Rhabdiasidae are widely 
distributed in amphibians and reptiles. These small nematodes are characterized by free-living and 
parasitic phases. They can cause respiratory diseases in snakes (Brannian 1984), although many 
individuals show no clinical signs or only a light inflammatory response to these worms (Lane and 
Mader 1996). Spirurid nematodes use invertebrates as intermediate hosts, and reptiles as intermediate 
or final hosts. For example, nematodes from the Physaloptera genus are commonly found in reptiles 
with arthropods as obligate intermediate hosts (Frank 1981b). Reptiles may serve as final host or as a 
paratenic host (a paratenic host is an organism which serves to transfer a larval stage or stages from 
one host to another but in which little or no development takes place (Anderson 2000)). T. sirtalis may 
be a paratenic host for Physaloptera maxillaris for which the final hosts are carnivorous mammals. 
In this case, the snake host remains asymptomatic (Cawthorn and Anderson 1976). Strongyloid 
nematodes of the family Diaphanocephalidae are mostly found in the digestive tract of snakes and 
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feed mainly on blood (Schad 1956, 1962; Anderson 2000). They have low host specificity. Different 
species of Kalicephalus (Diaphanocephalidae) can be found in the same host but spaced throughout 
the gut (Anderson 2000). In large numbers, they induce hemorrhagic lesions which facilitate bacterial 
invasion of the intestine (Frank 1981b). In Michigan, Esch and Gibbons (1967) examined the seasonal 
incidence of parasitism in Painted Turtles, Chrysemys picta, and identified 4 nematode species. They 
observed a high parasite load during the warm months and a decline in winter in adult turtles. Species 
from 9 different genera, and representing the 5 orders described above, were reported in Canada in 
6 snake and 4 turtle species (Table 1).

Cestodes or tapeworms (Phylum Platyhelminthes) are often found as adults in the intestine or peritoneal 
cavity of reptiles that generally are associated with aquatic habitats, the intermediate hosts often 
being a crustacean (Brooks 1978, 1984). Reptiles may be host to both larval and adult stages. They 
become infected by ingesting other animals parasitized by larval cestodes (Reichenbach-Klinke and 
Elkan 1965). The diversity of cestode species in turtles is very limited (Ernst and Ernst 1977; Timmers 
and Lewis 1979; Esch et al. 1990). Acholonu (1970) found few reports of cestodes in North American 
turtles and observed only 1 species (Proteocephalus testudo) infecting 1 of 12 turtle species examined 
in Louisiana. Host animals and their cestode parasites usually co-exist with no significant impact on 
the host under normal conditions (Brooks 1984). In Canada, 4 cestode species were reported in 3 snake 
species and 1 turtle species (Table 1) but their impact on their hosts was not documented.

Trematodes or flukes (Phylum Platyhelminthes) are common parasites in reptiles and belong mostly 
to the order Digenea. These digenetic trematodes require an intermediate host, usually a snail, and 
sometimes a secondary intermediate host, such as an amphibian, to complete their life cycle. The 
adults are generally found in the host intestinal tract, but they can also be found in the bladder, 
uterus, kidneys, and peritoneal cavity (Reichenbach-Klinke and Elkan 1965; Brooks 1984). Reptiles 
become infested by larvae after ingesting the secondary intermediate host. Trematodes of the family 
Spirorchidae, or turtle blood flukes, are restricted to chelonians (Smith 1972). Spirorchis is found in 
the liver and the circulatory system. Pathological effects of Spirorchis parvus consisted of debilitation 
and death in heavily infested captive C. picta (Holliman and Fisher 1968; Holliman et al. 1971). 
Trematodes usually do not pose a major threat in natural situations (Brooks 1984). Esch and Gibbons 
(1967) identified 8 trematode species in a population of C. picta from Michigan. Twenty-one trematode 
species were reported in 4 snake and 4 turtle species from Canada (Table 1).

Pentastomes.—Pentastomids (Phylum Pentastomida) are parasitic arthropods found mostly in reptiles. 
They are also called tongue worms or linguatulids. Adult pentastomids are internal parasites found in 
the respiratory tract and other tissues of snakes, lizards, and crocodilians (Self 1969; Frank 1981b; Lane 
and Mader 1996). The life cycle includes an intermediate host, often a herbivorous vertebrate such as 
a rodent (Reichenbach-Klinke and Elkan 1965; Page 1966; Self 1969; Klauber 1972; Johnson-Delaney 
1996). The larvae can cause tissue lesions through migration and encystment (Cosgrove et al. 1984). 
Nymphs are present mostly in the liver and lungs of intermediate hosts such as amphibians, snakes, 
lizards, fish, and mammals. The adult worms may induce hemorrhagic perforations and infection of 
the lungs, leading to anemia, anoxia, or hypoproteinemia (Cosgrove et al. 1984). Since pentastomes 
are usually reported in southern latitudes, they are unlikely to cause clinical health problems in 
Canadian reptile populations.

External Parasites
Leeches.—Leeches (Class Hirudinea) are mostly found on turtles and crocodilians. The presence of 
leeches on freshwater turtles is frequent and regularly reported (Ernst and Barbour 1972). Leeches 
may transmit bacteria, protozoans, and viruses to turtles, but little is known about their real impact on 
freshwater turtles (Woo 1969a; Frank 1981a; Siddall and Desser 1992a). The seasonal occurrence of 
leeches varies; they can remain on their host throughout the year or only during the summer (Ernst 
1971b; Koffler et al. 1978; Brewster and Brewster 1986; Dodd 1988b; Brooks et al. 1990; Farrell and 
Graham 1991; Graham et al. 1997). Two species of leeches, Placobdella parasitica and P. ornata, were 
identified in Canada on 5 freshwater turtle species (Table 1). G.P. Brown et al. (1994) found that leech 
parasitism had no effect on the reproductive success of female C. serpentina in Algonquin Provincial 
Park, Ontario.
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Ozobranchius sp. leeches are common ectoparasites of marine turtles (Lauckner 1985). They are 
abundant on turtles afflicted with fibropapillomatosis, but their possible role in this disease is unknown 
(Aguirre et al. 1994). They appear to have a preference for external tumours probably because these 
tumours are typically highly vascularized (Lauckner 1985). Marine hirudineans tend to bury in soft 
skin tissues and may cause severe lesions to their host when they occur in high densities on a small 
area (Lauckner 1985).

Mites and Ticks.—Mites (Order Acarina) are common arthropods. In reptiles they are usually found 
under the scales of the axillar and inguinal regions, near the proximal part of the tail, and around the 
eyes. Mites may be a threat as parasites, and as vectors of diseases. They can be species-specific or 
may affect several host species (Reichenbach-Klinke and Elkan 1965). Some mite species infest the 
lungs (Turk 1945) and the cloacal tissue of turtles (Camin et al. 1967; Frank 1981a; Pence and Wright 
1998). One of the most common mites, Ophionyssus natricis, is suspected of transmitting the virus 
responsible for the boid inclusion body disease, which causes high mortality in captive boids around 
the world (Jacobson 1993a; Schumacher et al. 1994; Wozniak and DeNardo 2000). 

Ticks (Order Acarina) generally inflict minor inflammatory responses of the skin, but may sometimes 
inflict serious damage to their host (Barnard and Durden 2000). For example, they were suspected to be 
the cause of tail loss in Trans-Pecos Ratsnakes, Bogertophis subocularis (Degenhardt and Degenhardt 
1965). More important, ticks are vectors of infectious agents and are pathogen reservoirs. Ticks can 
transmit microorganisms, such as Cowdria ruminantium (rickettsia), which was found in ticks attached 
to tortoises, and which causes heartwater disease in ruminants (Burridge et al. 2000; Mahan et al. 
2000). Ticks can also host viruses like tick-borne encephalitis virus and the Russian spring-summer 
encephalitis virus (Frank 1981a; Johnson-Delaney 1996). Goldberg and Bursey (1991) suggested that 
infestation of mites and ticks occurred during hibernation of Californian lizards, and that the level of 
infestation varied annually in relation to weather conditions. The prevalence of Ixodes californicus 
ticks on Northern Alligator Lizards, Elgaria coerulea, was documented in British Columbia (Gregson 
1934, 1942).

Flesh Flies and Burying Beetles.—Sarcophagid flies can parasitize reptiles and their larvae occasionally 
cause the death of adults of various turtle and tortoise species (Muller 1921; Knipling 1937; Peters 1948; 
Rainey 1953; Beane and Zappalorti 1997). Larvae from sarcophagid and phorid flies also parasitize 
the eggs of reptiles (Vogt 1981; Acuña-Mesén and Hanson 1990; Trauth and Mullen 1990; Iverson 
and Perry 1994). The impact of fly larvae at the population level has not been documented. Larvae of 
the burying beetle Nicrophurus pustulatus were found to parasitize eggs of Gray Ratsnakes, Elaphe 
spiloides, in Ontario (Blouin-Demers and Weatherhead 2000). This association is a parasitoid-host 
relationship in which only the beetle larva is parasitic and always kills the host. N. pustulatus may be 
an important factor in the population biology of some oviparous snakes. 

epibionts

Epibionts or epizoophytes are organisms (either animals or plants), attached to the surface of a host, 
but which are not classified as parasites. In reptiles, they are mostly found on the shell and skin of 
turtles. Algae are generally observed in semi-aquatic and aquatic turtles, snakes, and lizards (Frye 
1991c). The most common taxa involved are Basicladia chelonum, B. crassa, and Chlorella sp. (Edgren 
et al. 1953; Neill and Allen 1954; Moski 1957a,b; Proctor 1958; Belusz and Reed 1969). Hunt (1958) 
observed algal penetration under the epidermal laminae in turtles, opening the way for bacterial and 
fungal infections. Proctor (1958), however, concluded that algal growth has no effect on turtles. In a 
population of C. picta in Michigan, the amount of carapace covered by algae varied with season and 
was controlled by annual scute shedding (Gibbons 1968). Algae from the genus Basicladia were 1st 
reported in Canada by Colt et al. (1995), and 2 species were identified on 5 different turtle species 
from Ontario and Québec (Table 1).

Marine turtles can host a large number of diverse organisms from this group. On nesting Loggerhead 
Seaturtles, Caretta caretta, 90 different species of epibionts were identified, and included mostly algae 
and barnacles, plus amphipods, bivalves, bryozoans, crabs, gastropods, hydroids, polychaete worms, 
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sponges, and tunicates (Frick et al. 1998; Frick and Slay 2000). Encrusting barnacles have little effect 
on their carriers, but burrowing forms may penetrate the shell, inflicting serious wounds (Lauckner 
1985). The relationship between the turtles and their epibionts remains poorly understood even though 
they play a possible role in disease and parasite transmission (Aguirre et al. 1994; Frick et al. 1998). 
Barnacles and cirripeds have been found on Leatherback Seaturtles, Dermochelys coriacea, foraging 
in Canadian Atlantic waters during the summer (Zullo and Bleakney 1966; D’Amours 1983).

neoplasia

A neoplasm, or tumour, is a new, often uncontrolled growth of abnormal tissue and may be benign or 
malignant. Neoplasms have been reported in all reptile groups (Jacobson 1981; Machotka 1984; Done 
1996). Genetic or environmental factors may be at the origin of malignant tumours or cancers, or they 
can be triggered by infectious agents. Fibropapillomatosis in marine turtles is an example in which 
different etiologic agents are suspected, although a herpesvirus is known to be associated with the 
disease (Jacobson et al. 1991a; Herbst et al. 1998; Quackenbush et al. 1998; Lackovich et al. 1999). 
These herpesviruses are suspected to initiate tumours and to operate in conjunction with cofactors 
such as toxins from algae or chemical contaminants (Landsberg et al. 1999). The prevalence of these 
tumours in different marine turtle species has been documented since the 1980s, with sometimes up 
to 85% of the individuals in a population being affected (Herbst 1994; Williams et al. 1994; Aguirre 
et al. 1999). Neoplasms are regularly reported in captive reptiles but their prevalence in the wild is 
poorly documented. Neoplasia has not been reported in Canadian reptile populations.

deFormities and mutations

Deformities have attracted the attention of humans for centuries (Ouellet 2000). Two-headed (dicephalic) 
reptiles and partially fused (dichotomic) twins have been extensively reported in the past. In 1761, 
a dicephalic Milksnake, Lampropeltis triangulum, was found near Lake Champlain in the so-called 
Double-headed Snake Bay (Bancroft 1769; Smith and Chiszar 1988). Three dicephalic C. constrictor 
from New York were examined in 1823 by Mitchill (1826), and another one, from Massachusetts, was 
reported in 1862 (Dexter 1976). The oldest Canadian record of dicephalism is a T. sirtalis collected in 
Ontario in 1866 (Johnson 1901; Whiteaves 1902). Various degrees of dichotomy may affect the anterior 
and posterior part of the body (with fusion of the axial body), and internal organs may be duplicated 
(Smith and Pérez-Higareda 1987; Frye 1991b). Dichotomic adults are rare in the wild since malformed 
individuals are often stillborn or die shortly after birth (Klauber 1972; Smith and Pérez-Higareda 1987; 
Wallach 1995). The prevalence of such abnormalities and of other types is not well documented in 
newborns and hatchlings in the wild (Fig. 1). Kyphosis, an abnormal backward curvature of the spine, 
and other spinal deformities have been regularly reported in turtles (Smith 1947; Ernst 1971a; Plymale 
et al. 1978; Rhodin et al. 1984; Burke 1994). In Pennsylvania, Ernst (1971a) observed 5 (0.5%) turtles 
with kyphosis after examining 929 C. picta. MacCulloch (1981b) discovered 2 (1.5%) scoliotic C. picta 
of 128 individuals captured in Saskatchewan (Table 1). These abnormalities are rare in nature, and 
are likely insignificant to turtles since some were adults when captured. 

Other reported abnormalities relate to aberrant scutellation. These include additional, divided, missing, 
or unaligned scutes. In turtles, these types of shell abnormalities have been regularly observed. 
Zangerl and Johnson (1957) examined 2220 individuals from a museum collection; 951 (42.8%) 
exhibited one or more aberrant variations in the shell pattern. In Pennsylvania, 125 (13.4%) C. picta 
from a study site exhibited shell abnormalities (Ernst 1971a). In Canada, scute abnormalities have 
also been reported in C. picta (Table 1). Twenty turtles out of 51 (39.2%) examined in Ontario had shell 
abnormalities (Whillans and Crossman 1977), while 22% of a Saskatchewan population also exhibited 
shell abnormalities (MacCulloch 1981b). Scale abnormalities such as partial or total absence of scales 
are also reported in snakes (Stickel 1942; Klauber 1972; Murphy et al. 1987; Bechtel and Bechtel 1991; 
Frye 1991b). These scale abnormalities are not detrimental to the individual and are seen as natural 
morphological variations in the species.
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Colour mutations and variations, including albinism, melanism, and aberrant patterns, are also 
regularly reported in reptiles. Albinism in North American reptiles was reviewed by Hensley (1959) and 
Dyrkacz (1981). Klauber (1972) reviewed colour variations in rattlesnakes. The mode of inheritance of 
colour pattern and the maintenance of variability in populations were addressed particularly in snakes 
(Blanchard and Blanchard 1940; Camin and Ehrlich 1958; Bechtel and Bechtel 1981; King 1987, 1993a; 
King and Lawson 1995; Lawson and King 1996; Zweifel 1998). Various cases of albinism and melanism 
have been reported in Canadian snakes and turtles (Table 1). Some aberrant scale pigment patterns may 
have a negative impact on survival of N. sipedon by making individuals more conspicuous to predators 
(Bleakney 1958; King 1992, 1993b). Albinistic individuals may also be more prone to predation because 
of heightened visibility. On the other hand, melanism was suspected to reduce conspicuousness of adult 
male Pond Sliders, Trachemys scripta, during terrestrial movements (Lovich et al. 1990). Melanism has 
also been suggested to play a role as a thermoregulatory adaptation (Schaefer 1969; Gibson and Falls 
1979; Schueler 1983; Lovich et al. 1990; Bittner et al. 2002).

Morphological anomalies of reptiles may have environmental or genetic causes (Lynn and Ullrich 
1950; Bellairs 1981; Murphy et al. 1987). Temperature and humidity during incubation are important 
factors in reptiles with external egg development. Abnormal incubation conditions may induce 
abnormalities in embryos and hatchlings (Bellairs 1981; Frye 1991b). Chemical contaminants cause 
developmental abnormalities, and their potential effects have been addressed in a few reptile species, 
principally A. mississippiensis, C. serpentina, Nerodia spp., and marine turtles (Meyers-Schöne and 
Walton 1994; Campbell and Campbell 2000, 2001; Guillette 2000; Guillette et al. 2000; Sparling et 
al. 2000). In Canada, studies have concentrated on C. serpentina eggs and adults around the Great 
Lakes and along the St. Lawrence River (Bishop and Gendron 1998). In some polluted areas, eggs 
may be affected by chemical contaminants, resulting in unhatched eggs, abnormal development, and 
deformities in hatchlings (Bishop et al. 1998). A positive relationship has been established between 
environmental contaminants and feminization of male external morphology in C. serpentina (de 
Solla et al. 1998). The precloacal length, defined as the distance between the posterior margin of the 
plastron and the cloaca, which is normally larger, was smaller in males at contaminated sites and 
overlapped female precloacal length. Determining sex of adults using this criterion was therefore 
erroneous in these turtles.

traumatic inJuries and mortalities

Traumatic injuries are often caused 
by failed predation attempts. Limb 
and tail amputations are quite 
common in wild reptiles (Fig. 2). 
Tail autotomy is a natural defence 
mechanism observed in a few 
snakes and in many lizards (Arnold 
1984, 1988; Bellairs and Bryant 
1985). Traumatic injuries can also 
be inflicted through diverse human 
activities. Hartup (1996) examined 
586 reptiles and amphibians brought 
to a rehabilitation centre in Illinois. 
Automobile-induced trauma was 
the most frequent source of injuries 
(55%), followed by ingestion of 
fishing gear (19%), and attacks by 
domestic animals (8%). Brown and 

Sleeman (2002) obtained similar 
results in Virginia, with 66% of 515 
reptile traumas caused by motor 
vehicles. Wildlife can be affected 

Figure 1. Congenital defect in a newborn Eastern Gartersnake, 
Thamnophis s. sirtalis. This kyphoscoliotic individual died within a 
few hours of birth. Specimen from L’Île-Perrot (45°23’ N, 73°57’ W), 
Île Perrot, Québec, July 1995. Photo by Martin Ouellet.
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by roads in many different ways including mortality during construction, trauma by vehicles, and 
alterations of the physical and chemical environment (Findlay and Houlahan 1997; Trombulak and 
Frissell 2000). Diurnal reptiles are prone to road accidents as traffic is more intense during daylight 
hours (Gregory 1977; Dalrymple and Reichenbach 1984; Larsen 1987; Ashley and Robinson 1996). 
Snakes are especially vulnerable because they often use roads for thermoregulation (Fig. 3). Female 
turtles searching for nesting sites increase their susceptibility to road mortality (Ashley and Robinson 
1996; Haxton 2000). Agricultural machinery and lawnmowers can also inflict serious injuries and 
death (Mitchell 1988; Dodd 1997; Saumure and Bider 1998; Brown and Sleeman 2002).

Recreational and commercial activities also have impacts on reptiles. Motorboats inflict shell injuries in 
turtles (Burger and Garber 1995; Galois et al. 2002), and fishing activities result in injuries or drowning 
from ingestion of gear or entanglement in lines, nets, and traps (Bleakney 1965; Ogren et al. 1977; 
Lazell 1980; Bishop 1983; Cochran and McConville 1983; Henwood and Stuntz 1987; Goff and Lien 
1988; Lutcavage et al. 1997; Renaud et al. 1997; Roosenburg et al. 1997; Brown and Sleeman 2002; 
James et al. 2005). Turtles caught on fishing lines are sometimes released by cutting the line and leaving 
the hook (Hartup 1996; Borkowski 1997) which can inflict further injuries to the mouth and digestive 
tract of the turtle (Fig. 4). Ingestion of the monofilament line causes perforations and necrosis of the 
digestive tract, and lead poisoning can arise from lead sinkers (Borkowski 1997). Debris and garbage 
can entrap reptiles, inflicting injuries or death (Groves and Groves 1972; Herrington 1985; Stuart 
et al. 2001). Pieces of fishing line and human trash are often ingested by marine turtles (Bleakney 
1967; Mrosovsky 1981; Fritts 1982; Carr 1987; Starbird and Audel 2000), potentially obstructing the 
intestinal tract, and inflicting serious injuries.

Reptiles may survive severe injuries such as spinal fractures (Smith and Fitzgerald 1983; Montgomery 
and Mackessy 1999), limb amputations, and shell mutilations (Burger and Garber 1995; Dodd 1997; 
Saumure and Bider 1998; Saumure 2001b). However, the growth and survivorship of the individual 
may be negatively affected (Harding 1985; Congdon et al. 1993; McLeod 1994; Saumure and Bider 
1998), even in the case of the tail autotomy adaptation (Ballinger and Tinckle 1979; Vitt and Cooper 
1986; Wilson 1992; Niewiarowski et al. 1997). Open wounds provide opportunities for infectious 
agents or parasites to invade the individual. Tail injuries to young of the year T. sirtalis may result 
in their death during the 1st hibernation because of post-traumatic physiological stress (Willis et al. 
1982). Recapture rates of Wood Turtles, Glyptemys insculpta, were lower in those individuals with at 
least 1 amputated limb (Harding 1985). Injuries may also impinge on breeding. Male T. sirtalis with 
shorter tails have lower mating success in mating balls (Shine et al. 1999). Burger and Garber (1995) 
observed in G. insculpta that 3-legged males and males with a large part of the tail missing usually 
cannot mate.

The effect of traumatic injuries at the population level has not been documented for most reptile species. 
Burger and Garber (1995) observed a 15% increase in shell injuries and death from motorboats in 
female Diamond-backed Terrapins, Malaclemys terrapin, between the 1970s and 1990s. The ingestion 
of debris, particularly plastic resembling jellyfish, by large numbers of marine turtles likely has a 
serious impact at the population level (Mrosovsky 1981). Fritts (1982) found plastic bags and films in 
the intestinal tract of 19 (13.5%) of 140 D. coriacea examined. Shell injuries in G. insculpta were twice 
as common in agricultural areas when compared to forest habitats, mostly due to the presence of cattle 
and agricultural machinery (Saumure and Bider 1998). Ashley and Robinson (1996) looked specifically 
at road mortality in Long Point, Ontario, and found an enormous increase in mortality between the early 
1980s and the 1990s. In 4 years, they collected 864 dead turtles and snakes along a 3.6-km causeway 
crossing a major wetland area. Haxton (2000) examined road mortality of C. serpentina in central 
Ontario and collected 86 turtles dead on the road, representing 30.8% of the 279 turtles observed in 
3 yr on or near a road. If traumatic injuries are important in the dynamics of reptile populations, it is 
likely to be in populations most closely associated with urban and agricultural development.

conclusion and Final remarks

This review represents a survey of the literature on abnormalities, diseases, and mortalities in reptiles, 
including 120 published reports for Canadian reptiles (Table 1). Many of these latter accounts were purely 
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Figure 3. An adult female Eastern Gartersnake, 
Thamnophis s. sirtalis, killed on the road. Specimen 
from the Long Point Causeway (42°35’ N, 80°27’ W), 
Lake Erie, Ontario, May 1994. Photo by Martin Ouellet.

Figure 2. Wild juvenile female Midland Painted 
Turtle, Chrysemys picta marginata, with a traumatic 
amputation of the right hindlimb at the proximal level of 
the tibiofibula. Specimen from Lac des Deux Montagnes 
(45°25’ N, 74°00’ W), Vaudreuil, Québec, August 2000. 
Photo by Martin Ouellet.

descriptive; they involved 1 lizard, 11 turtle, 
and 16 snake species. Common species such 
as C. serpentina, C. picta, and T. sirtalis have 
received the most attention. A larger number 
of reports concerned internal parasites in both 
snakes and turtles (Table 2). The remaining 
reports dealt mainly with colour mutations in 
snakes, and traumatic mortality in snakes and 
turtles. There was almost no information on 
infectious agents in Canadian reptiles.

Considering the limited information available 
on the health of wild reptile populations 
in Canada, we recommend using every 
opportunity to gain such information (Ouellet 
et al. 2006). In any studies dealing with 
wild reptiles, general data on pathology 
and pathological agents should be more 
systematically gathered in order to document 
the distribution and the prevalence of infectious 
agents and parasites in these animals (Fig. 5). 
In various die-offs of the past, the opportunity 
to collect information was missed because 
of the delay in investigation and the lack of 
involvement of wildlife health and veterinary 
specialists (Bleakney 1966; Metcalf and 
Metcalf 1979). Recently published guidelines 
may be useful to herpetologists interested 
in developing protocols to assist in health 
evaluation of wild reptiles (Divers 1999; 
Redrobe and MacDonald 1999; Arvy and 
Fertard 2001; Berry and Christopher 2001; 
Herbst and Jacobson 2003).

Anthropogenic factors are having an 
increasing impact on wildlife health. Chemical 
contaminants are found even in remote areas 
(Blais et al. 1998). Monitoring for contaminants 
and the assessment of their impact on reptiles 
require more research and should be included 
in any population health assessment (Gibbons 
et al. 2000; Guillette 2000; Hopkins 2000; 
Pauli and Money 2000). More research is also 
needed on disease etiologies and parasite life 
cycles, and on the role of parasites in reptile 
population dynamics. Koch’s postulates should 
be used to identify the causative agent of any 
particular infectious disease: 1) the pathogen 
must be present in all cases of the disease; 
2) the pathogen must be isolated from the 
diseased host and grown in pure culture; 3) 
the pathogen from the pure culture must cause 
the disease when inoculated into a healthy 
susceptible laboratory animal; 4) the pathogen 
must be isolated from the new host and shown 
to be the same as the original pathogen.
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Figure 4. Wild adult male Eastern Snapping Turtle, 
Chelydra s. serpentina, with ingested fishing tackle. Left: 
radiograph; above: the monofilament line and the lures 
were removed by surgery and the turtle was released a 
few weeks later after a successful recovery. Specimen from 
Mont Bélair (46°49’ N, 71°30’ W), Val-Bélair, Québec, June 
1994. Photos by Martin Ouellet.

Figure 5. A stillborn Northern Watersnake, Nerodia s. sipedon. Five of 15 offspring were stillborn from 
unknown causes. Specimen from L’Île-Perrot (45°23’ N, 73°57’ W), Île Perrot, Québec, October 1994. Photo by 
Martin Ouellet.
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Translocations and reintroductions are conservation tools that have been widely used for vertebrates in 
the past (Griffith et al. 1993; Fisher and Lindenmayer 2000), but occasionally with only limited or no 
success in reptiles (Dodd and Seigel 1991; Reinert 1991). Protection of large patches of natural habitat 
must be a priority to maintain populations in the long term and allow them to recover from disease 
outbreaks (Hess 1996; Findlay and Houlahan 1997; Rivard et al. 2000). However, the increasing loss 
and degradation of habitat mean that translocations or reintroductions will continue to be used for 
conservation efforts. These management practices have not always been used with caution relative to 
the potential risk of disease transmission (Griffith et al. 1993; Jacobson 1993a; Jacobson et al. 1995). To 
minimize this risk, all individuals must be checked thoroughly for disease prior to being transferred, 
and the health of the receiving population has to be assessed and monitored in order to investigate 
any mortality (Spalding and Forrester 1993; Jacobson 1994; Harvell et al. 1999; Jacobson et al. 1999; 
Daszak et al. 2000; Berry and Christopher 2001).

Concern should be raised about the introduction of exotic species, even if the climate in Canada may 
limit the success of many of the introduced reptile species and infectious agents. In future years, 
climate change and global warming may weaken this natural cold barrier (Harvell et al. 1999; Patz 
and Lindsay 1999; Daszak et al. 2000). Non-native Red-eared Sliders, T. scripta elegans, commonly 
sold in Canadian pet stores, are often released and are able to survive the winter in southern Canada 
(Cook 1984; Bider and Matte 1991). The Common Wall Lizard, Podarcis muralis, which was introduced 
to Vancouver Island, is established in the wild and able to reproduce (Allan et al. 2000). A stricter 
and more systematic veterinary screening for diseases and parasites of pet trade reptiles, which are 
marketed and shipped inside and outside the country, is required, preferably before their shipping. 
This screening could target mites and ticks (Wozniak and DeNardo 2000; Burridge 2001), and some 
protozoans (Wozniak et al. 1996; Graczyk and Cranfield 2000). It should also include a microbiological 
survey in order to detect known threatening infectious agents of reptiles (Schumacher 1996; Berry 
and Christopher 2001).

Some emerging diseases like fibropapillomatosis of marine turtles and mycoplasmosis of tortoises are 
currently receiving much needed attention in the United States because of their increasing prevalence 
in the wild. This recent effort came in response to severe morbidity and mortality events. Establishing 
a systematic assessment of the health of reptile populations might help prevent or limit the impact 
of such diseases. Many Canadian reptile populations are now extremely small and isolated so that 

Table 2. Number of published reports of abnormalities, diseases, and mortalities in Canadian 
wild reptile populations.
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recovery from such epidemics is unlikely. We strongly encourage an immediate effort to collect baseline 
health data of reptiles in Canada to ensure, or at least facilitate, the survival of these populations. Non-
invasive techniques, collection of road mortalities, and examination of preserved museum specimens 
should be favoured in order to limit any impact on the remaining reptile populations.

acknowledgments

We are grateful to Patrick Gregory, Donald McAlpine, Igor Mikaelian, Bruce Pauli, and 3 anonymous 
reviewers for helpful comments on the manuscript.

literature cited

Acholonu AD. 1970. On Proteocephalus testudo (Magath 1924) (Cestoda: Proteocephalidae) from Trionyx spinifer 
(Chelonia) in Louisiana. Journal of Wildlife Diseases 6:171–172.

Acuña-Mesén RA, Hanson PE. 1990. Phorid fly larvae as predators of turtle eggs. Herpetological Review 21:13–14.
Adams MS, Clark HF. 1958. A herpetofaunal survey of Long Point, Ontario, Canada. Herpetologica 14:8–10.
Aguirre AA, Balazs GH, Zimmerman B, Spraker TR. 1994. Evaluation of Hawaiian Green Turtles (Chelonia mydas) 

for potential pathogens associated with fibropapillomas. Journal of Wildlife Diseases 30:8–15.
Aguirre AA, Spraker TR, Chaves A, duToit L, Eure W, Balazs GH. 1999. Pathology of fibropapillomatosis in Olive 

Ridley Turtles Lepidochelys olivacea nesting in Costa Rica. Journal of Aquatic Animal Health 11:283–289.
Aleksiuk M. 1977. Sources of mortality in concentrated garter snake populations. Canadian Field-Naturalist 

91:70–72.
Allan GM, Prelypchan CJ, Gregory PT. 2000. “Habitat trap” for the capture of small- to medium-sized lizards. 

Herpetological Review 31:160–161.
Allen CR, Demarais S, Lutz RS. 1994. Red imported fire ant impact on wildlife: an overview. Texas Journal of 

Science 46:51–59.
Alvo R, Oldham MJ. 2000. A review of the status of Canada’s amphibian and reptile species: a comparison of three 

ranking systems. Canadian Field-Naturalist 114:520–540.
Anderson RC. 2000. Nematode parasites of vertebrates. Their development and transmission. 2nd ed. Wallingford, 

UK: CAB International.
Arnold EN. 1984. Evolutionary aspects of tail shedding in lizards and their relatives. Journal of Natural History 

18:127–169.
Arnold EN. 1988. Caudal autotomy as a defense. In: Gans C, Huey RB, editors. Biology of the Reptilia, Vol 16, 

Defense and life history. New York: Alan R. Liss. p 235–273.
Arvy C, Fertard B. 2001. Pathologie des tortues – Étude synthétique. Bulletin de la Société Herpétologique de 

France No. 100.
Ashley EP, Robinson JT. 1996. Road mortality of amphibians, reptiles and other wildlife on the Long Point causeway, 

Lake Erie, Ontario. Canadian Field-Naturalist 110:403–412.
Atkinson CT, Ayala SC. 1987. Isospora manchacensis n. sp., an intranuclear coccidian from the Louisiana Ground 

Skink, Scincella lateralis (Say, 1823) (Lacertilia: Scincidae). Journal of Parasitology 73:817–823.
Austwick PKC, Keymer IF. 1981. Fungi and actinomycetes. In: Cooper JE, Jackson OF, editors. Diseases of the 

Reptilia, Vol 1. London: Academic Press. p 193–231.
Baker MR. 1978. Morphology and taxonomy of Rhabdias spp. (Nematoda: Rhabdiasidae) from reptiles and 

amphibians of southern Ontario. Canadian Journal of Zoology 56:2127–2141.
Baker MR. 1979. Serpinema spp. (Nematoda: Camallanidae) from turtles of North America and Europe. Canadian 

Journal of Zoology 57:934–939.
Baker MR. 1984. Nematode parasitism in amphibians and reptiles. Canadian Journal of Zoology 62:747–757.
Baker MR. 1986a. Falcaustra species (Nematoda: Kathlaniidae) parasitic in turtles and frogs in Ontario. Canadian 

Journal of Zoology 64:228–237.
Baker MR. 1986b. Revision of Hedruris Nitzsch (Nematoda: Habronematoidea) from aquatic vertebrates of North 

America. Canadian Journal of Zoology 64:1567–1572.
Baker MR. 1987. Synopsis of the Nematoda parasitic in amphibians and reptiles. Memorial University of 

Newfoundland Occasional Papers in Biology 11.
Ballinger RE, Tinckle DW. 1979. On the cost of tail regeneration to body growth in lizards. Journal of Herpetology 

13:374–375.
Bancroft E. 1769. An essay on the natural history of Guiana, in South America. London: Becket and DeHondt.



15� Patrick Galois and Martin Ouellet

Barnard SM, Durden LA. 2000. A veterinary guide to the parasites of reptiles, Vol 2, Arthropods (excluding mites). 
Malabar, FL: Krieger Publishing.

Barnard SM, Upton SJ. 1994. A veterinary guide to the parasites of reptiles, Vol 1, Protozoa. Malabar, FL: Krieger 
Publishing.

Barta JR. 1989. Phylogenetic analysis of the Class Sporozoea (Phylum Apicomplexa Levine, 1970): evidence for 
the independent evolution of heteroxenous life cycles. Journal of Parasitology 75:195–206.

Beane JC, Zappalorti RT. 1997. Clemmys muhlenbergii (Bog Turtle). Parasitism. Herpetological Review 28:148–
149.

Bechtel HB, Bechtel E. 1981. Albinism in the snake, Elaphe obsoleta. Journal of Herpetology 15:397–402.
Bechtel HB, Bechtel E. 1991. Scaleless snakes and a breeding report of scaleless Elaphe obsoleta lindheimeri. 

Herpetological Review 22:12–14.
Bellairs Ad’A. 1981. Congenital and developmental diseases. In: Cooper JE, Jackson OF, editors. Diseases of the 

reptilia, Vol 2. London: Academic Press. p 469–485.
Bellairs Ad’A, Bryant SV. 1985. Autotomy and regeneration in reptiles. In: Gans C, Billett F, editors. Biology of the 

Reptilia, Vol 15, Development. New York: John Wiley & Sons. p 301–410. 
Belusz LC, Reed RJ. 1969. Some epizoophytes on six turtle species collected in Massachusetts and Michigan. 

American Midland Naturalist 81:598–601.
Berry KH, Christopher MM. 2001. Guidelines for the field evaluation of Desert Tortoise health and disease. Journal 

of Wildlife Diseases 37:427–450.
Bider JR, Matte S, editors. 1991. Atlas des amphibiens et des reptiles du Québec. Version détaillée. Québec, QC: 

Société d’Histoire Naturelle de la Vallée du St-Laurent et Ministère du Loisir, de la Chasse et de la Pêche.
Bishop CA, Gendron AD. 1998. Reptiles and amphibians: shy and sensitive vertebrates of the Great Lakes basin 

and St. Lawrence River. Environmental Monitoring and Assessment 53:225–244.
Bishop CA, Ng P, Pettit KE, Kennedy SW, Stegeman JJ, Norstrom RJ, Brooks RJ. 1998. Environmental contamination 

and developmental abnormalities in eggs and hatchlings of the Common Snapping Turtle (Chelydra serpentina 
serpentina) from the Great Lakes–St Lawrence River basin (1989–91). Environmental Pollution 101:143–156.

Bishop JM. 1983. Incidental capture of Diamondback Terrapin by crab pots. Estuaries 6:426–430.
Bittner TD, King RB, Kerfin JM. 2002. Effects of body size and melanism on the thermal biology of garter snakes 

(Thamnophis sirtalis). Copeia 2002:477–482.
Blais JM, Schindler DW, Muir DCG, Kimpe LE, Donald DB, Rosenberg B. 1998. Accumulation of persistent 

organochlorine compounds in mountains of western Canada. Nature 395:585–588.
Blanchard FC. 1942. A test of fecundity of the garter snake Thamnophis sirtalis sirtalis (Linnaeus) in the year following 

the year of insemination. Papers of the Michigan Academy of Science, Arts and Letters 28:313–316.
Blanchard FN, Blanchard FC. 1940. The inheritance of melanism in the garter snake Thamnophis sirtalis sirtalis 

(Linnaeus), and some evidence of effective autumn mating. Papers of the Michigan Academy of Science, Arts 
and Letters 26:177–193.

Bleakney JS. 1958. Variation in a litter of Northern Water Snakes from Ottawa, Ontario. Canadian Field-Naturalist 
72:128–132.

Bleakney JS. 1965. Reports of marine turtles from New England and eastern Canada. Canadian Field-Naturalist 
79:120–128.

Bleakney JS. 1966. An unexplained mass mortality of turtles. Canadian Field-Naturalist 80:115.
Bleakney JS. 1967. Food items in two Loggerhead Sea Turtles, Caretta caretta caretta (L.) from Nova Scotia. 

Canadian Field-Naturalist 81:269–272.
Blouin-Demers G, Weatherhead PJ. 2000. A novel association between a beetle and a snake: parasitism of Elaphe 

obsoleta by Nicrophorus pustulatus. Écoscience 7:395–397.
Bonin J, Ouellet M, Rodrigue J, DesGranges J-L, Gagné F, Sharbel TF, Lowcock LA. 1997. Measuring the health of 

frogs in agricultural habitats subjected to pesticides. In: Green DM, editor. Amphibians in decline: Canadian 
studies of a global problem. St. Louis, MO: Society for the Study of Amphibians and Reptiles. Herpetological 
Conservation 1. p 246–257.

Borkowski R. 1997. Lead poisoning and intestinal perforations in a Snapping Turtle (Chelydra serpentina) due to 
fishing gear ingestion. Journal of Zoo and Wildlife Medicine 28:109–113.

Brannian RE. 1984. Lungworms. In: Hoff GL, Frye FL, Jacobson ER, editors. Diseases of amphibians and reptiles. 
New York: Plenum Press. p 213–217.

Brewster KN, Brewster CM. 1986. Clemmys insculpta (Wood Turtle). Ectoparasitism. Herpetological Review 
17:48.

Brooks DR. 1978. Systematic status of proteocephalid cestodes from reptiles and amphibians in North America with 
descriptions of three new species. Proceedings of the Helminthological Society of Washington 45:1–28.

Brooks DR. 1984. Platyhelminths. In: Hoff GL, Frye FL, Jacobson ER, editors. Diseases of amphibians and reptiles. 



  Health and Disease in Canadian Reptiles 157

New York: Plenum Press. p 247–258.
Brooks RJ, Galbraith DA, Layfield JA. 1990. Occurrence of Placobdella parasitica (Hirudinea) on Snapping Turtles, 

Chelydra serpentina, in southeastern Ontario. Journal of Parasitology 76:190–195.
Brooks RJ, Brown GP, Galbraith DA. 1991. Effects of a sudden increase in natural mortality of adults on a population 

of the Common Snapping Turtle (Chelydra serpentina). Canadian Journal of Zoology 69:1314–1320.
Brooks RJ, Shilton CM, Brown GP, Quinn NWS. 1992. Body size, age distribution, and reproduction in a northern 

population of Wood Turtles (Clemmys insculpta). Canadian Journal of Zoology 70:462–469.
Brown GP, Weatherhead PJ. 1999. Demography and sexual size dimorphism in Northern Water Snakes, Nerodia 

sipedon. Canadian Journal of Zoology 77:1358–1366.
Brown GP, Brooks RJ, Siddall ME, Desser SS. 1994. Parasites and reproductive output in the Snapping Turtle, 

Chelydra serpentina. Copeia 1994:228–231.
Brown JD, Sleeman JM. 2002. Morbidity and mortality of reptiles admitted to the Wildlife Center of Virginia, 1991 

to 2000. Journal of Wildlife Diseases 38:699–705. 
Brown MB, Schumacher IM, Klein PA, Harris K, Correll T, Jacobson ER. 1994. Mycoplasma agassizii causes upper 

respiratory tract disease in the Desert Tortoise. Infection and Immunity 62:4580–4586.
Brown MB, Berry KH, Schumacher IM, Nagy KA, Christopher MM, Klein PA. 1999. Seroepidemiology of upper 

respiratory tract disease in the Desert Tortoise in the western Mojave desert of California. Journal of Wildlife 
Diseases 35:716–727.

Brown NR. 1947. Occurrence of the Wood Turtle on the Petawawa Reserve, Renfrew County, Ontario. Canadian 
Field-Naturalist 61:67–68.

Burger J, Garber SD. 1995. Risk assessment, life history strategies, and turtles: could declines be prevented or 
predicted? Journal of Toxicology and Environmental Health 46:483–500.

Burke RL. 1994. Apalone spinifera (Spiny Softshell). Extreme kyphosis. Herpetological Review 25:23.
Burridge MJ. 2001. Ticks (Acari: Ixodidae) spread by the international trade in reptiles and their potential roles 

in dissemination of diseases. Bulletin of Entomological Research 91:3–23.
Burridge MJ, Simmons L-A, Allan SA. 2000. Introduction of potential heartwater vectors and other exotic ticks 

into Florida on imported reptiles. Journal of Parasitology 86:700–704.
Burton AN, McLintock J, Rempel JG. 1966. Western equine encephalitis virus in Saskatchewan garter snakes and 

leopard frogs. Science 154:1029–1031.
Bury RB, Luckenbach RA. 1976. Introduced amphibians and reptiles in California. Biological Conservation 

10:1–14.
Camin JH, Ehrlich PR. 1958. Natural selection in Water Snakes (Natrix sipedon L.) on islands in Lake Erie. 

Evolution 12:504–511. 
Camin JH, Moss WW, Oliver JH Jr, Singer G. 1967. Cloacaridae, a new family of cheyletoid mites from the cloaca 

of aquatic turtles (Acari: Acariformes: Eleutherengona). Journal of Medical Entomology 4:261–272.
Campbell KR, Campbell TS. 2000. Lizard contaminant data for ecological risk assessment. Reviews of Environmental 

Contamination and Toxicology 165:39–116.
Campbell KR, Campbell TS. 2001. The accumulation and effects of environmental contaminants on snakes: a 

review. Environmental Monitoring and Assessment 70:253–301. 
Campbell TW. 1996. Hemoparasites. In: Mader DR, editor. Reptile medicine and surgery. Philadelphia: WB 

Saunders. p 379–381.
Carey C. 2000. Infectious disease and worldwide declines of amphibian populations, with comments on emerging 

diseases in coral reef organisms and in humans. Environmental Health Perspectives 108 (Suppl 1):143–150. 
Carlton JT, Geller JB. 1993. Ecological roulette: the global transport of nonindigenous marine organisms. Science 

261:78–82.
Carr A. 1987. Impact of nondegradable marine debris on the ecology and survival outlook of sea turtles. Marine 

Pollution Bulletin 18:352–356.
Catling PM, Freedman W. 1977. Melanistic Butler’s Garter Snakes (Thamnophis butleri) at Amherstburg, Ontario. 

Canadian Field-Naturalist 91:397–399.
Cawthorn RJ, Anderson RC. 1976. Development of Physaloptera maxillaris (Nematoda: Phylasopteroidea) in skunk 

(Mephitis mephitis) and the role of paratenic and other hosts in its life cycle. Canadian Journal of Zoology 
54:313–323.

Chiodini RJ. 1983. The pathogenicity of Salmonella in snakes. In: Vago C, Matz G, editors. Comptes Rendus du 
Premier Colloque International de Pathologie des Reptiles et des Amphibiens. Angers, France: Presses de 
l’Université d’Angers. p 45–48.

Clark HF, Lunger PD. 1981. Viruses. In: Cooper JE, Jackson OF, editors. Diseases of the Reptilia, Vol 1. London: 
Academic Press. p 135–164.



15� Patrick Galois and Martin Ouellet

Cochran PA, McConville DR. 1983. Feeding by Trionyx spiniferus in backwaters of the Upper Mississippi River. 
Journal of Herpetology 17:82–86.

Colt LC Jr, Saumure RA, Baskinger S. 1995. First record of the algal genus Basicladia (Chlorophyta, Cladophorales) 
in Canada. Canadian Field-Naturalist 109:454–455.

Conant R. 1961. The softshell turtle, Trionyx spinifer, introduced and established in New Jersey. Copeia 1961:355–
356.

Conant R. 1977. The Florida Water Snake (Reptilia, Serpentes, Colubridae) established at Brownsville, Texas, with 
comments on other herpetological introductions in the area. Journal of Herpetology 11:217–220.

Congdon JD, Dunham AE, van Loben Sels RC. 1993. Delayed sexual maturity and demographics of Blanding’s 
Turtles (Emydoidea blandingii): implications for conservation and management of long-lived organisms. 
Conservation Biology 7:826–833.

Cook FR. 1984. Introduction aux amphibiens et reptiles du Canada. Ottawa: Musées Nationaux du Canada.
Cooper JE. 1981. Bacteria. In: Cooper JE, Jackson OF, editors. Diseases of the Reptilia, Vol 1. London: Academic 

Press. p 165–191. 
Cosgrove GE, Deakins DE, Self JT. 1984. Pentasomiasis. In: Hoff GL, Frye FL, Jacobson ER, editors. Diseases of 

amphibians and reptiles. New York: Plenum Press. p 205–211.
Cranfield MR, Graczyk TK. 1996. Cryptosporidiosis. In: Mader DR, editor. Reptile medicine and surgery. 

Philadelphia: WB Saunders. p 359–363.
Crawshaw GJ. 2000. Diseases and pathology of amphibians and reptiles. In: Sparling DW, Linder G, Bishop CA, 

editors. Ecotoxicology of amphibians and reptiles. Pensacola, FL: Society of Environmental Toxicology and 
Chemistry. p 199–231.

Dalrymple GH, Reichenbach NG. 1984. Management of an endangered species of snake in Ohio, USA. Biological 
Conservation 30:195–200.

Daly JJ, Mayhue M, Menna JH, Calhoun CH. 1980. Viruslike particles associated with Pirhemocyton inclusion bodies 
in the erythrocytes of a water snake, Nerodia erythrogaster flavigaster. Journal of Parasitology 66:82–87.

D’Amours D. 1983. Une Tortue-luth (Dermochelys coriacea) dans les eaux côtières du Québec. Naturaliste Canadien 
110:481.

Daszak P, Cunningham AA, Hyatt AD. 2000. Emerging infectious diseases of wildlife—threats to biodiversity and 
human health. Science 287:443–449. 

Deeds OJ, Jahn TL. 1939. Coccidian infections of Western Painted Turtles of the Okoboji region. Transactions of 
the American Microscopical Society 58:249–253.

Degenhardt WG, Degenhardt PB. 1965. The host-parasite relationship between Elaphe subocularis (Reptilia: Colubridae) 
and Aponomma elaphensis (Acarina: Ixodidae). Southwestern Naturalist 10:167–178.

DeGiusti DL, Sterling CR, Dobrzechowski D. 1973. Transmission of the chelonian haemoproteid Haemoproteus 
metchnikovi by a tabanid fly Chrysops callidus. Nature 242:50–51.

de Solla SR, Bishop CA, Van Der Kraak G, Brooks RJ. 1998. Impact of organochlorine contamination on levels 
of sex hormones and external morphology of Common Snapping Turtles (Chelydra serpentina serpentina) in 
Ontario, Canada. Environmental Health Perspectives 106:253–260.

de Solla SR, Campbell D, Bishop CA. 2001. Hyperthermia induced mortality of gravid Snapping Turtles, Chelydra 
serpentina, and eggs in a wood chip pile. Canadian Field-Naturalist 115:510–512.

Desroches J-F, Laparé R. 2004. Premières mentions de la Couleuvre mince, Thamnophis sauritus septentrionalis, 
au Québec. Canadian Field-Naturalist 118:135–137.

Desroches J-F, Picard I. 2005. Mortalité des tortues sur les routes de l’Outaouais. Naturaliste Canadien 129(1):35–41.
Desser SS. 1973. A description of intraerythrocytic schizonts and gametocytes of a haemogregarine of the Snapping 

Turtle Chelydra serpentina. Canadian Journal of Zoology 51:431–432.
Desser SS, Barta JR. 1984. An intraerythrocytic virus and rickettsia of frogs from Algonquin Park, Ontario. Canadian 

Journal of Zoology 62:1521–1524.
Dexter RW. 1976. F.W. Putnam’s original description (1862) of a double-headed, bisexual Black Racer (Coluber 

constrictor Linn.)—a historical record. Herpetological Review 7:158–159.
Divers SJ. 1999. Clinical evaluation of reptiles. Veterinary Clinics of North America: Exotic Animal Practice 

2:291–331.
Dodd CK Jr. 1988a. Disease and population declines in the Flattened Musk Turtle Sternotherus depressus. American 

Midland Naturalist 119:394–401.
Dodd CK Jr. 1988b. Patterns of distribution and seasonal use of the turtle Sternotherus depressus by the leech 

Placobdella parasitica. Journal of Herpetology 22:74–81.
Dodd CK Jr. 1997. Shell injuries and anomalies in an insular population of Florida Box Turtles (Terrapene carolina 

bauri). Herpetological Natural History 5:66–72.



  Health and Disease in Canadian Reptiles 15�

Dodd CK Jr, Seigel RA. 1991. Relocation, repatriation, and translocation of amphibians and reptiles: are they 
conservation strategies that work? Herpetologica 47:336–350.

Done LB. 1996. Neoplasia. In: Mader DR, editor. Reptile medicine and surgery. Philadelphia: WB Saunders. p 
125–141.

Dyrkacz S. 1981. Recent instances of albinism in North American amphibians and reptiles. Society for the Study 
of Amphibians and Reptiles Herpetological Circular 11.

Edgren RA. 1957. Melanism in Hog-nosed Snakes. Herpetologica 13:131–135.
Edgren RA, Edgren MK, Tiffany LH. 1953. Some North American turtles and their epizoophytic algae. Ecology 

34:733–740.
Ernst CH. 1971a. Observations of the Painted Turtle, Chrysemys picta. Journal of Herpetology 5:216–220.
Ernst CH. 1971b. Seasonal incidence of leech infestation on the Painted Turtle, Chrysemys picta. Journal of 

Parasitology 57:32.
Ernst CH. 1995. Freshwater and terrestrial turtles of the United States: status and prognosis. Bulletin of the Chicago 

Herpetological Society 30:225–230.
Ernst CH, Barbour RW. 1972. Turtles of the United States. Lexington: University Press of Kentucky.
Ernst CH, Ernst ME. 1979. Synopsis of protozoans parasitic in native turtles of the United States. Bulletin of the 

Maryland Herpetological Society 15:1–15.
Ernst CH, Akre TSB, Wilgenbusch JC, Wilson TP, Mills K. 1999. Shell disease in turtles in the Rappahannock 

River, Virginia. Herpetological Review 30:214–215.
Ernst EM, Ernst CH. 1977. Synopsis of helminths endoparasitic in native turtles of the United States. Bulletin of 

the Maryland Herpetological Society 13:1–75.
Esch GW, Gibbons JW. 1967. Seasonal incidence of parasitism in the Painted Turtle, Chrysemys picta marginata 

Agassiz. Journal of Parasitology 53:818–821.
Esch GW, Gibbons JW, Bourque JE. 1979a. Species diversity of helminth parasites in Chrysemys s. scripta from a 

variety of habitats in South Carolina. Journal of Parasitology 65:633–638.
Esch GW, Gibbons JW, Bourque JE. 1979b. The distribution and abundance of enteric helminths in Chrysemys 

s. scripta from various habitats on the Savannah River plant in South Carolina. Journal of Parasitology 
65:624–632.

Esch GW, Marcogliese DJ, Goater TM, Jacobson KC. 1990. Aspects of the evolution and ecology of helminth 
parasites in turtles: a review. In: Gibbons JW, editor. Life history and ecology of the slider turtle. Washington: 
Smithsonian Institution Press. p 299–307.

Evans HE, Roecker RM. 1951. Notes on the herpetology of Ontario, Canada. Herpetologica 7:69–71.
Fantham HB, Porter A. 1954. The endoparasites of some North American snakes and their effects on the Ophidia. 

Proceedings of the Zoological Society of London 123:867–898.
Farrell RF, Graham TE. 1991. Ecological notes on the turtle Clemmys insculpta in northwestern New Jersey. 

Journal of Herpetology 25:1–9.
Findlay CS, Houlahan J. 1997. Anthropogenic correlates of species richness in southeastern Ontario wetlands. 

Conservation Biology 11:1000–1009.
Fisher J, Lindenmayer DB. 2000. An assessment of the published results of animal relocations. Biological 

Conservation 96:1–11.
Flanagan J. 2000. Disease and health considerations. In: Klemens MW, editor. Turtle conservation. Washington: 

Smithsonian Institution Press. p 85–95.
Frank W. 1981a. Ectoparasites. In: Cooper JE, Jackson OF, editors. Diseases of the Reptilia, Vol 1. London: Academic 

Press. p 359–383.
Frank W. 1981b. Endoparasites. In: Cooper JE, Jackson OF, editors. Diseases of the Reptilia, Vol 1. London: 

Academic Press. p 291–358.
Frank W. 1984. Non-hemoparasitic protozoans. In: Hoff GL, Frye FL, Jacobson ER, editors. Diseases of amphibians 

and reptiles. New York: Plenum Press. p 259–384. 
Frick MG, Slay CK. 2000. Caretta caretta (Loggerhead Sea Turtle). Epizoans. Herpetological Review 31:102–

103.
Frick MG, Williams KL, Robinson M. 1998. Epibionts associated with nesting Loggerhead Sea Turtles (Caretta 

caretta) in Georgia, USA. Herpetological Review 29:211–214.
Fritts TH. 1982. Plastic bags in the intestinal tracts of Leatherback marine turtles. Herpetological Review 13:72–73.
Frye FL, editor. 1991a. Biomedical and surgical aspects of captive reptile husbandry, 2nd ed (2 vol). Malabar, FL: 

Krieger Publishing.
Frye FL. 1991b. Developmental anomalies. In: Frye FL, editor. Biomedical and surgical aspects of captive reptile 

husbandry, 2nd ed, Vol 2. Malabar, FL: Krieger Publishing. p 393–419.



1�0 Patrick Galois and Martin Ouellet

Frye FL. 1991c. Infectious diseases. Fungal, actinomycete, bacterial, rickettsial, and viral diseases. In: Frye 
FL, editor. Biomedical and surgical aspects of captive reptile husbandry, 2nd ed, Vol 1. Malabar, FL: Krieger 
Publishing. p 101–157.

Galois P, Léveillé M, Bouthillier L, Daigle C, Parren S. 2002. Movement patterns, activity, and home range of the 
Eastern Spiny Softshell Turtle (Apalone spinifera) in northern Lake Champlain, Québec, Vermont. Journal of 
Herpetology 36:402–411.

Garner MM, Herrington R, Howerth EW, Homer BL, Nettles VF, Isaza R, Shotts EB Jr, Jacobson ER. 1997. Shell 
disease in River Cooters (Pseudemys concinna) and Yellow-bellied Turtles (Trachemys scripta) in a Georgia 
(USA) lake. Journal of Wildlife Diseases 33:78–86.

Geiman QM, Ratcliffe HL. 1936. Morphology and life-cycle of an amoeba producing amoebiasis in reptiles. 
Parasitology 28:208–228.

George RH. 1997. Health problems and diseases of sea turtles. In: Lutz PL, Musick JA, editors. The biology of sea 
turtles. Boca Raton, FL: CRC Press. p 363–385.

Gibbons JW. 1968. Carapacial algae in a population of the Painted Turtle, Chrysemys picta. American Midland 
Naturalist 79:517–519.

Gibbons JW, Scott DE, Ryan TJ, Buhlmann KA, Tuberville TD, Metts BS, Greene JL, Mills T, Leiden Y, Poppy S, 
Winne CT. 2000. The global decline of reptiles, déjà vu amphibians. BioScience 50:653–666.

Gibson AR, Falls JB. 1975. Evidence of multiple insemination in the Common Garter Snake, Thamnophis sirtalis. 
Canadian Journal of Zoology 53:1362–1368. 

Gibson AR, Falls JB. 1979. Thermal biology of the Common Garter Snake Thamnophis sirtalis (L.). II. The effects 
of melanism. Oecologia 43:99–109. 

Gilhen J. 1999. First record of a partial leucistic Northern Ringneck Snake, Diadophis punctatus edwardsi, in Nova 
Scotia. Canadian Field-Naturalist 113:282–284.

Gilhen J, Grantmyre B. 1973. The Wood Turtle, Clemmys insculpta (LeConte): an addition to the herpetofauna of 
Cape Breton Island, Nova Scotia. Canadian Field-Naturalist 87:308–311.

Goff GP, Lien J. 1988. Atlantic Leatherback Turtles, Dermochelys coriacea, in cold water off Newfoundland and 
Labrador. Canadian Field-Naturalist 102:1–5.

Goldberg SR, Bursey CR. 1991. Duration of attachment by mites and ticks on the iguanid lizards Sceloporus 
graciosus and Uta stansburiana. Journal of Wildlife Diseases 27:719–722.

Goldberg SR, Bursey CR, Cheam H. 1998. Composition of helminth communities in montane and lowland 
populations of the Western Fence Lizard, Sceloporus occidentalis from Los Angeles County, California. American 
Midland Naturalist 140:186–191.

Graczyk TK, Cranfield MR. 2000. Cryptosporidium serpentis oocysts and microsporidian spores in feces of captive 
snakes. Journal of Parasitology 86:413–414.

Gräf A, Gilhen J, Adams JD. 2003. The Wood Turtle, Glyptemys insculpta, at River Denys: a second population for 
Cape Breton Island, Nova Scotia. Canadian Field-Naturalist 117:415–418.

Graham TE, Saumure RA, Ericson B. 1997. Map Turtle winter leech loads. Journal of Parasitology 83:1185–1186.
Gregory PT. 1977. Life-history parameters of the Red-sided Garter Snake (Thamnophis sirtalis parietalis) in an 

extreme environment, the Interlake region of Manitoba. National Museum of Natural Sciences Publications 
in Zoology 13.

Gregory PT. 1982. Reptilian hibernation. In: Gans C, Pough FH, editors. Biology of the Reptilia, Vol 13, Physiological 
ecology. London: Academic Press. p 53–154.

Gregson JD. 1934. A preliminary report of the lizard-tick relationship on the coast of British Columbia. Proceedings 
of the Entomological Society of British Columbia 31:17–21.

Gregson JD. 1942. The coast tick (Ixodes californicus Banks) problem in British Columbia. The Canadian 
Entomologist 74:3–5.

Griffith B, Scott JM, Carpenter JW, Reed C. 1993. Animal translocations and potential disease transmission. Journal 
of Zoo and Wildlife Medicine 24:231–236.

Groves JD, Groves EM. 1972. An unusual accident involving an Eastern King Snake, Lampropeltis getulus getulus. 
Herpetological Review 4:14.

Guillette LJ Jr. 2000. Contaminant-associated endocrine disruption in reptiles. In: Sparling DW, Linder G, Bishop 
CA, editors. Ecotoxicology of amphibians and reptiles. Pensacola, FL: Society of Environmental Toxicology 
and Chemistry. p 595–615.

Guillette LJ Jr, Crain DA, Gunderson MP, Kools SAE, Milnes MR, Orlando EF, Rooney AA, Woodward AR. 2000. 
Alligators and endocrine disrupting contaminants: a current perspective. American Zoologist 40:438–452.

Harding JH. 1985. Clemmys insculpta (Wood Turtle). Predation-mutilation. Herpetological Review 16:30.
Hartup BK. 1996. Rehabilitation of native reptiles and amphibians in DuPage County, Illinois. Journal of Wildlife 

Diseases 32:109–112.



  Health and Disease in Canadian Reptiles 1�1

Harvell CD, Kim K, Burkholder JM, Colwell RR, Epstein PR, Grimes DJ, Hofmann EE, Lipp EK, Osterhaus 
ADME, Overstreet RM, Porter JW, Smith GW, Vasta GR. 1999. Emerging marine diseases—climate links and 
anthropogenic factors. Science 285:1505–1510.

Haxton T. 2000. Road mortality of Snapping Turtles, Chelydra serpentina, in central Ontario during their nesting 
period. Canadian Field-Naturalist 114:106–110.

Hensley M. 1959. Albinism in North American amphibians and reptiles. Publications of the Michigan State 
University Museum Biological Series 1:133–159.

Henwood TA, Stuntz WE. 1987. Analysis of sea turtle captures and mortalities during commercial shrimp trawling. 
Fishery Bulletin 85:813–817.

Herbst LH. 1994. Fibropapillomatosis of marine turtles. Annual Review of Fish Diseases 4:389–425.
Herbst LH, Jacobson ER. 2003. Practical approaches for studying sea turtle health and disease. In: Lutz PL, Musick 

JA, Wyneken J, editors. The biology of sea turtles, Vol II. Boca Raton, FL: CRC Press. p 385–410.
Herbst LH, Greiner EC, Ehrhart LM, Bagley DA, Klein PA. 1998. Serological association between spirorchidiasis, 

herpesvirus infection, and fibropapillomatosis in Green Turtles from Florida. Journal of Wildlife Diseases 
34:496–507.

Herrington B. 1985. Another reason for herpetologists to pick up their beer cans. Herpetological Review 16:113.
Hess G. 1996. Disease in metapopulation models: implications for conservation. Ecology 77:1617–1632.
Hill MMA, Powell GL, Russell AP. 2001. Diet of the Prairie Rattlesnake, Crotalus viridis viridis, in southeastern 

Alberta. Canadian Field-Naturalist 115:241–246.
Hoff GL, Hoff DM. 1984. Salmonella and Arizona. In: Hoff GL, Frye FL, Jacobson ER, editors. Diseases of amphibians 

and reptiles. New York: Plenum Press. p 69–82.
Hoff GL, Frye FL, Jacobson ER, editors. 1984. Diseases of amphibians and reptiles. New York: Plenum Press.
Holliman RB, Fisher JE. 1968. Life cycle and pathology of Spirorchis scripta Stunkard, 1923 (Digenea: Spirorchiidae) 

in Chrysemys picta picta. Journal of Parasitology 54:310–318.
Holliman RB, Fisher JE, Parker JC. 1971. Studies on Spirorchis parvus (Stunkard, 1923) and its pathological effects 

on Chrysemys picta picta. Journal of Parasitology 57:71–77.
Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams ST, editors. 1994. Bergey’s manual of determinative bacteriology, 

9th ed. Baltimore: Williams and Wilkins.
Homer BL, Berry KH, Brown MB, Ellis G, Jacobson ER. 1998. Pathology of diseases in wild Desert Tortoises from 

California. Journal of Wildlife Diseases 34:508–523.
Hopkins WA. 2000. Reptile toxicology: challenges and opportunities on the last frontier in vertebrate ecotoxicology. 

Environmental Toxicology and Chemistry 19:2391–2393.
Hulse AC. 1976. Carapacial and plastral flora and fauna of the Sonora Mud Turtle, Kinosternon sonoriense Le 

Conte (Reptilia, Testudines, Kinosternidae). Journal of Herpetology 10:45–48.
Hunt TJ. 1958. Influence of environment on necrosis of turtle shells. Herpetologica 14:45–46.
Iverson JB, Perry RE. 1994. Sarcophagid fly parasitoidism on developing turtle eggs. Herpetological Review 

25:50–51.
Jacobson ER. 1981. Neoplastic diseases. In: Cooper JE, Jackson OF, editors. Diseases of the Reptilia, Vol 2. London: 

Academic Press. p 429–468.
Jacobson ER. 1984. Pseudomonas. In: Hoff GL, Frye FL, Jacobson ER, editors. Diseases of amphibians and reptiles. 

New York: Plenum Press. p 37–47.
Jacobson ER. 1993a. Implications of infectious diseases for captive propagation and introduction programs of 

threatened/endangered reptiles. Journal of Zoo and Wildlife Medicine 24:245–255.
Jacobson ER. 1993b. Viral diseases of reptiles. In: Fowler ME, editor. Zoo and wild animal medicine, current 

therapy 3. Philadelphia: WB Saunders. p 153–159.
Jacobson ER. 1994. Causes of mortality and diseases in tortoises: a review. Journal of Zoo and Wildlife Medicine 

25:2–17.
Jacobson ER, Buergelt C, Williams B, Harris RK. 1991a. Herpesvirus in cutaneous fibropapillomas of the Green 

Turtle Chelonia mydas. Diseases of Aquatic Organisms 12:1–6.
Jacobson ER, Gaskin JM, Brown MB, Harris RK, Gardiner CH, LaPointe JL, Adams HP, Reggiardo C. 1991b. 

Chronic upper respiratory tract disease of free-ranging Desert Tortoises (Xerobates agassizii). Journal of 
Wildlife Diseases 27:296–316.

Jacobson ER, Wronski TJ, Schumacher J, Reggiardo C, Berry KH. 1994. Cutaneous dyskeratosis in free-ranging 
Desert Tortoises, Gopherus agassizii, in the Colorado desert of southern California. Journal of Zoo and Wildlife 
Medicine 25:68–81.

Jacobson ER, Brown MB, Schumacher IM, Collins BR, Harris RK, Klein PA. 1995. Mycoplasmosis and the Desert 
Tortoise (Gopherus agassizii) in Las Vegas Valley, Nevada. Chelonian Conservation and Biology 1:279–284.



1�2 Patrick Galois and Martin Ouellet

Jacobson ER, Behler JL, Jarchow JL. 1999. Health assessment of chelonians and release into the wild. In: Fowler 
ME, Miller RE, editors. Zoo and wild animal medicine, current therapy 4. Philadelphia: WB Saunders. p 
232–242.

James CJ, Ottensmeyer CA, Myers RA. 2005. Identification of high-use habitat and threats to Leatherback Sea 
Turtles in northern waters: new directions for conservation. Ecology Letters 8:195–201.

Johnson RH. 1901. Axial bifurcation in snakes. Transactions of the Wisconsin Academy of Sciences, Arts, and 
Letters 13:524–553.

Johnson-Delaney CA. 1996. Reptile zoonoses and threats to public health. In: Mader DR, editor. Reptile medicine 
and surgery. Philadelphia: WB Saunders. p 20–33.

Judd WW. 1960. Observations on the habitat, food, reproductive state and intestinal parasites of the Smooth Green 
Snake at London, Ontario. Canadian Field-Naturalist 74:100–106.

Judd WW. 1971. A young albino Snapping Turtle, Chelydra serpentina L., in southern Ontario, Canada. Canadian 
Field-Naturalist 85:254–255.

King RB. 1987. Color pattern polymorphism in the Lake Erie Water Snake, Nerodia sipedon insularum. Evolution 
41:241–255.

King RB. 1988. Polymorphic populations of the garter snake Thamnophis sirtalis near Lake Erie. Herpetologica 
44:451–458.

King RB. 1992. Lake Erie Water Snakes revisited: morph- and age-specific variation in relative crypsis. Evolutionary 
Ecology 6:115–124. 

King RB. 1993a. Color pattern variation in Lake Erie Water Snakes: inheritance. Canadian Journal of Zoology 
71:1985–1990.

King RB. 1993b. Color-pattern variation in Lake Erie Water Snakes: prediction and measurement of natural 
selection. Evolution 47:1819–1833.

King RB, Lawson R. 1995. Color-pattern variation in Lake Erie Water Snakes: the role of gene flow. Evolution 
49:885–896.

Klauber LM. 1972. Rattlesnakes. Their habits, life histories, and influence on mankind, 2nd ed (2 vol). Berkeley: 
University of California Press.

Klemens MW, editor. 2000. Turtle conservation. Washington: Smithsonian Institution Press.
Klingenberg RJ. 1996. Therapeutics. In: Mader DR, editor. Reptile medicine and surgery. Philadelphia: WB 

Saunders. p 299–321.
Knipling EF. 1937. The biology of Sarcophaga cistudinis Aldrich (Diptera), a species of Sarcophagidae parasitic on 

turtles and tortoises. Proceedings of the Entomological Society of Washington 39:91–101.
Koffler BR, Seigel RA, Mendonca MT. 1978. The seasonal occurrence of leeches on the Wood Turtle, Clemmys 

insculpta (Reptilia, Testudines, Emydidae). Journal of Herpetology 12:571–572.
Kollias GV Jr. 1984. Immunologic aspects of infectious diseases. In: Hoff GL, Frye FL, Jacobson ER, editors. 

Diseases of amphibians and reptiles. New York: Plenum Press. p 661–691.
Kostka VM, Hoffmann L, Balks E, Eskens U, Wimmershof N. 1997. Review of the literature and investigations on 

the prevalence and consequences of yeasts in reptiles. Veterinary Record 140:282–287.
Krivda W. 1993. Road kills of migrating garter snakes at The Pas, Manitoba. Blue Jay 51:197–198.
Kwaga J, Iversen JO. 1993. Isolation of Yersinia enterocolitica (0:5,27 biotype 2) from a Common Garter Snake. 

Journal of Wildlife Diseases 29:127–129.
Lackovich JK, Brown DR, Homer BL, Garber RL, Mader DR, Moretti RH, Patterson AD, Herbst LH, Oros J, Jacobson 

ER, Curry SS, Klein PA. 1999. Association of herpesvirus with fibropapillomatosis of the Green Turtle Chelonia 
mydas and the Loggerhead Turtle Caretta caretta in Florida. Diseases of Aquatic Organisms 37:89–97.

Landsberg JH, Balazs GH, Steidinger KA, Baden DG, Work TM, Russell DJ. 1999. The potential role of natural tumor 
promoters in marine turtle fibropapillomatosis. Journal of Aquatic Animal Health 11:199–210.

Lane TJ, Mader DR. 1996. Parasitology. In: Mader DR, editor. Reptile medicine and surgery. Philadelphia: WB 
Saunders. p 185–203.

Larsen KW. 1987. Movements and behavior of migratory garter snakes, Thamnophis sirtalis. Canadian Journal of 
Zoology 65:2241–2247.

Lauckner G. 1985. Diseases of Reptilia. In: Kinne O, editor. Diseases of marine animals, Vol 4. Hamburg: Biologishe 
Anstalt Helgoland. p 553–626.

Lawson R, King RB. 1996. Gene flow and melanism in Lake Erie Garter Snake populations. Biological Journal of 
the Linnean Society 59:1–19.

Lazell JD Jr. 1980. New England waters: critical habitat for marine turtles. Copeia 1980:290–295.
Levine ND, Tadros W. 1980. Named species and hosts of Sarcocystis (Protozoa: Apicomplexa: Sarcocystidae). 

Systematic Parasitology 2:41–59.



  Health and Disease in Canadian Reptiles 1��

Lindsay RV. 1966. Unexplained reptilian mortality. Canadian Field-Naturalist 80:59.
Litzgus JD. 2006. Sex differences in longevity in the Spotted Turtle (Clemmys guttata). Copeia 2006:281–288.
Logier EBS. 1925. Notes on the herpetology of Point Pelee, Ontario. Canadian Field-Naturalist 29:91–95.
Logier EBS. 1929. Melanism in the garter snake, Thamnophis s. sirtalis, in Ontario. Copeia 172:83–84.
Logier EBS. 1930. Some additional notes on melanism in Thamnophis s. sirtalis in Ontario. Copeia 1930:20.
Logier EBS. 1931a. A faunal investigation of Long Point and vicinity, Norfolk County, Ontario. IV. The amphibians 

and reptiles of Long Point. Transactions of the Royal Canadian Institute 18:229–236.
Logier EBS. 1931b. Some account of the amphibians and reptiles of British Columbia. Transactions of the Royal 

Canadian Institute 18:311–336.
Lovich JE, McCoy CJ, Garstka WR. 1990. The development and significance of melanism in the Slider turtle. In: 

Gibbons JW, editor. Life history and ecology of the Slider turtle. Washington: Smithsonian Institution Press. 
p 233–254.

Lovich JE, Gotte SW, Ernst CH, Harshbarger JC, Laemmerzahl AF, Gibbons JW. 1996. Prevalence and histopathology 
of shell disease in turtles from Lake Blackshear, Georgia. Journal of Wildlife Diseases 32:259–265.

Lowichik A, Yaeger RG. 1987. Ecological aspects of snake hemogregarine infections from two habitats in southeastern 
Louisiana. Journal of Parasitology 73:1109–1115.

Lutcavage ME, Plotkin P, Witherington B, Lutz PL. 1997. Human impacts on sea turtle survival. In: Lutz PL, Musick 
JA, editors. The biology of sea turtles. Boca Raton, FL: CRC Press. p 387–409.

Lynn WG, Ullrich MC. 1950. Experimental production of shell abnormalities in turtles. Copeia 1950:253–262.
MacAskie IB, Forrester CR. 1962. Pacific Leatherback Turtles (Dermochelys) off the coast of British Columbia. 

Copeia 1962:646.
MacCallum WG. 1902. Heronimus chelydrae, nov. gen. nov. sp. A new monostome parasite of the American 

Snapping-Turtle. Centralblatt für Bakteriologie, Parasitenkunde und Infektionskrankheiten 32:632–636.
MacCulloch RD. 1981a. Leech parasitism on the Western Painted Turtle, Chrysemys picta belli, in Saskatchewan. 

Journal of Parasitology 67:128–129.
MacCulloch RD. 1981b. Variation in the shell of Chrysemys picta belli from southern Saskatchewan. Journal of 

Herpetology 15:181–185.
Machotka SV II. 1984. Neoplasia in reptiles. In: Hoff GL, Frye FL, Jacobson ER, editors. Diseases of amphibians 

and reptiles. New York: Plenum Press. p 519–580.
Mader DR, editor. 1996. Reptile medicine and surgery. Philadelphia: WB Saunders.
Mahan SM, Peter TF, Simbi BH, Kocan K, Camus E, Barbet AF, Burridge MJ. 2000. Comparison of efficacy of 

American and African Amblyomma ticks as vectors of heartwater (Cowdria ruminantium) infection by molecular 
analyses and transmission trials. Journal of Parasitology 86:44–49.

Marquardt WC. 1966. Haemogregarines and Haemoproteus in some reptiles in southern Illinois. Journal of 
Parasitology 52:823–824.

Mason RT, MacMillan S, Whittier JM, Krohmer RW, Koonz WH. 1991. Thamnophis sirtalis parietalis (Red-Sided 
Garter Snake). Population morph variation. Herpetological Review 22:61.

McAllister CT, Upton SJ. 1989. The Coccidia (Apicomplexa: Eimeriidae) of testudines, with descriptions of three 
new species. Canadian Journal of Zoology 67:2459–2467.

McAlpine DF, Orchard SA, Sendall KA, Palm R. 2004. Status of marine turtles in British Columbia waters: a 
reassessment. Canadian Field-Naturalist 118:72–76.

McAuliffe JR. 1977. An hypothesis explaining variations of hemogregarine parasitemia in different aquatic turtle 
species. Journal of Parasitology 63:580–581.

McCallum H, Dobson A. 1995. Detecting disease and parasite threats to endangered species and ecosystems. 
Trends in Ecology and Evolution 10:190–194.

McKenney DW, Mackey BG, Bogart JP, McKee JE, Oldham MJ, Chek A. 1998. Bioclimatic and spatial analysis of 
Ontario reptiles and amphibians. Écoscience 5:18–30.

McLaughlin GS, Jacobson ER, Brown DR, McKenna CE, Schumacher IM, Adams HP, Brown MB, Klein PA. 
2000. Pathology of upper respiratory tract disease of Gopher Tortoises in Florida. Journal of Wildlife Diseases 
36:272–283.

McLeod D. 1994. Observations of growth after injury in the Slider turtle, Trachemys scripta elegans. Herpetological 
Review 25:116–117.

Meerovitch E. 1958. A new host of Entamoeba invadens Rodhain, 1934. Canadian Journal of Zoology 36:423–427.
Metcalf EL, Metcalf AL. 1979. Mortality in hibernating Ornate Box Turtles, Terrapene ornata. Herpetologica 

35:93–96.
Meyers-Schöne L, Walton BT. 1994. Turtles as monitors of chemical contaminants in the environment. Reviews of 

Environmental Contamination and Toxicology 135:93–153.



1�4 Patrick Galois and Martin Ouellet

Migaki G, Jacobson ER, Casey HW. 1984. Fungal diseases in reptiles. In: Hoff GL, Frye FL, Jacobson ER, editors. 
Diseases of amphibians and reptiles. New York: Plenum Press. p 183–204.

Mitchell JC. 1988. Population ecology and life histories of the freshwater turtles Chrysemys picta and Sternotherus 
odoratus in an urban lake. Herpetological Monograph 2:40–61.

Mitchill SL. 1826. Facts and considerations showing that the two-headed snakes of North America and other parts 
of the world are not individuals of a distinct race, but universally monsters. American Journal of Science and 
Arts 10:48–53. 

Montgomery C, Mackessy SP. 1999. Heterodon nasicus nasicus (Plains Hognose Snake). Lack of paralysis following 
vertebral disjunction. Herpetological Review 30:227–228.

Moski HC. 1957a. Algal occurrence on the turtle Clemmys guttata. Copeia 1957:50–51.
Moski HC. 1957b. Further notes concerning algal growth on the Painted Turtle. Herpetologica 13:46.
Mrosovsky N. 1981. Plastic jellyfish. Marine Turtle Newsletter 17:5–7.
Muller JF. 1921. Notes on the habits of the soft-shell turtle—Amyda mutica. American Midland Naturalist 

7:180–184.
Murphy JB, Rehg JE, Maderson PFA, McCrady WB. 1987. Scutellation and pigmentation defects in a laboratory 

colony of Western Diamondback Rattlesnakes (Crotalus atrox): mode of inheritance. Herpetologica 43:292–
300.

Neill WT, Allen ER. 1954. Algae on turtles: some additional considerations. Ecology 35:581–584.
Niewiarowski PH, Congdon JD, Dunham AE, Vitt LJ, Tinkle DW. 1997. Tales of lizard tails: effects of tail autotomy 

on subsequent survival and growth of free-ranging hatchling Uta stansburiana. Canadian Journal of Zoology 
75:542–548.

Oda SN, Chao J, Ball GH. 1971. Additional instances of transfer of reptile hemogregarines to foreign hosts. Journal 
of Parasitology 57:1377–1378.

Ogren LH, Watson JW Jr, Wickham DA. 1977. Loggerhead Sea Turtles, Caretta caretta, encountering shrimp trawls. 
Marine Fisheries Review 39:15–17.

Oldham MJ. 1985. Sistrurus catenatus catenatus (Eastern Massasauga). Pattern. Herpetological Review 16:57.
Ouellet M. 2000. Amphibian deformities: current state of knowledge. In: Sparling DW, Linder G, Bishop CA, 

editors. Ecotoxicology of amphibians and reptiles. Pensacola, FL: Society of Environmental Toxicology and 
Chemistry. p 617–661.

Ouellet M, Galois P, Pétel R, Fortin C. 2005. Les amphibiens et les reptiles des collines montérégiennes: enjeux 
et conservation. Naturaliste Canadien 129(1):42–49.

Ouellet M, Fortin C, Galois P, Nash P. 2006. Les tortues marines: un plan d’action pour mieux cerner leur situation 
au Québec. Naturaliste Canadien 130(1):37–43.

Page LA. 1966. Diseases and infections of snakes: a review. Bulletin of the Wildlife Disease Association 2:111–126.
Patch CL. 1919. A rattlesnake, melano garter snakes and other reptiles from Point Pelee, Ontario. Canadian Field-

Naturalist 33:60–61.
Paterson WB, Desser SS. 1976. Observations on Haemogregarina balli sp. n. from the Common Snapping Turtle, 

Chelydra serpentina. Journal of Protozoology 23:294–301.
Patz JA, Lindsay SW. 1999. New challenges, new tools: the impact of climate change on infectious diseases. Current 

Opinion in Microbiology 2:445–451.
Pauli BD, Money S. 2000. Ecotoxicology of pesticides in reptiles. In: Sparling DW, Linder G, Bishop CA, editors. 

Ecotoxicology of amphibians and reptiles. Pensacola, FL: Society of Environmental Toxicology and Chemistry. 
p 269–324. 

Pence DB, Wright SD. 1998. Chelonacarus elongatus n. gen., n. sp. (Acari: Cloacaridae) from the cloaca of the 
Green Turtle Chelonia mydas (Cheloniidae). Journal of Parasitology 84:835–839.

Pendlebury GB. 1976. Congenital defects in the brood of a Prairie Rattlesnake. Canadian Journal of Zoology 
54:2023–2025.

Pendlebury GB. 1977. Distribution and abundance of the Prairie Rattlesnake, Crotalus viridis viridis, in Canada. 
Canadian Field-Naturalist 91:122–129.

Perry SF. 1998. Lungs: comparative anatomy, functional morphology, and evolution. In: Gans C, Gaunt AS, editors. 
Biology of the Reptilia, Vol 19, Visceral organs. Ithaca, NY: Society for the Study of Amphibians and Reptiles. 
p 1–92.

Peters JA. 1948. The box turtle as a host for dipterous parasites. American Midland Naturalist 40:472–474.
Plymale HH, Jackson CG Jr, Collier G. 1978. Kyphosis in Chrysemys scripta yaquia (Testudines: Emydidae) and 

other turtles. Southwestern Naturalist 23:457–462.
Prior KA, Shilton CM. 1996. Post-hibernation mortality in Black Rat Snakes, Elaphe o. obsoleta. Journal of 

Herpetology 30:275–278.



  Health and Disease in Canadian Reptiles 1�5

Proctor VW. 1958. The growth of Basicladia on turtles. Ecology 39:634–645.
Quackenbush SL, Work TM, Balazs GH, Casey RN, Rovnak J, Chaves A, duToit L, Baines JD, Parrish CR, Bowser 

PR, Casey JW. 1998. Three closely related herpesviruses are associated with fibropapillomatosis in marine 
turtles. Virology 246:392–399.

Rainey DG. 1953. Death of an Ornate Box Turtle parasitized by dipterous larvae. Herpetologica 9:109–110.
Rau ME, Gordon DM. 1978. Overwintering of helminths in the garter snake (Thamnophis sirtalis sirtalis). Canadian 

Journal of Zoology 56:1765–1767.
Rau ME, Gordon DM. 1980. Host specificity among the helminth parasites of four species of snakes. Canadian 

Journal of Zoology 58:929–930.
Rau ME, Doyle J, Gordon DM. 1978. Les parasites des animaux sauvages du Québec. 2. Les parasites des grenouilles 

et des serpents de la région de l’île Perrot. Naturaliste Canadien 105:56–57.
Redrobe S, MacDonald J. 1999. Sample collection and clinical pathology of reptiles. Veterinary Clinics of North 

America: Exotic Animal Practice 2:709–730.
Reichenbach-Klinke H, Elkan E, editors. 1965. The principal diseases of lower vertebrates. London: Academic 

Press.
Reinert HK. 1991. Translocation as a conservation strategy for amphibians and reptiles: some comments, concerns, 

and observations. Herpetologica 47:357–363.
Renaud ML, Nance JM, Scott-Denton E, Gitschlag GR. 1997. Incidental capture of sea turtles in shrimp trawls 

with and without TEDs in U.S. Atlantic and Gulf waters. Chelonian Conservation and Biology 2:425–427.
Rhodin AGJ, Pritchard PCH, Mittermeier RA. 1984. The incidence of spinal deformities in marine turtles, with notes 

on the prevalence of kyphosis in Indonesian Chelonia mydas. British Journal of Herpetology 6:369–373. 
Ricciardi A, Lewis DJ. 1991. New records of freshwater leeches (Annelida: Hirudinea) from Québec. Canadian 

Field-Naturalist 105:368–371.
Rivard DH, Poitevin J, Plasse D, Carleton M, Currie DJ. 2000. Changing species richness and composition in 

Canadian National Parks. Conservation Biology 14:1099–1109.
Roosenburg WM, Cresko W, Modesitte M, Robbins MB. 1997. Diamondback Terrapin (Malaclemys terrapin) 

mortality in crab pots. Conservation Biology 11:1166–1172.
Rosenthal KL, Mader DR. 1996. Microbiology. In: Mader DR, editor. Reptile medicine and surgery. Philadelphia: 

WB Saunders. p 117–125.
Ruiz GM, Rawlings TK, Dobbs FC, Drake LA, Mullady T, Huq A, Colwell RR. 2000. Global spread of microorganisms 

by ships. Nature 408:49–50.
Saumure RA. 1990. Emydoidea blandingi (Blanding’s Turtle). Parasites. Herpetological Review 21:60.
Saumure RA. 2001a. Kyphosis in a musk turtle (Sternotherus odoratus) from Ontario, Canada. Chelonian 

Conservation and Biology 4:159.
Saumure RA. 2001b. Limb mutilations in Snapping Turtles, Chelydra serpentina. Canadian Field-Naturalist 

115:182–184.
Saumure RA, Bider JR. 1996. Clemmys insculpta (Wood Turtle). Ectoparasites. Herpetological Review 27:197–

198.
Saumure RA, Bider JR. 1998. Impact of agricultural development on a population of Wood Turtles (Clemmys 

insculpta) in southern Québec, Canada. Chelonian Conservation and Biology 3:37–45.
Saumure RA, Livingston PJ. 1994. Graptemys geographica (Common Map Turtle). Parasites. Herpetological 

Review 25:121.
Saumure RA, Rodrigue D. 1998. An albino Snapping Turtle, Chelydra serpentina, from Québec. Canadian Field-

Naturalist 112:344.
Schad GA. 1956. Studies on the genus Kalicephalus (Nematoda: Diaphanocephalidae). I. On the life histories 

of the North American species K. parvus, K. agkistrodontis, and K. rectiphilus. Canadian Journal of Zoology 
34:425–452.

Schad GA. 1962. Studies on the genus Kalicephalus (Nematoda: Diaphanocephalidae). II. A taxonomic revision 
of the genus Kalicephalus Molin, 1861. Canadian Journal of Zoology 40:1035–1165.

Schaefer GC. 1969. Sex independent ground color in the Timber Rattlesnake, Crotalus horridus horridus. 
Herpetologica 25:65–66.

Schueler FW. 1975. Notes on garter snake (Thamnophis sirtalis) spring mortality and behaviour at Long Point, 
Ontario. Ontario Field Biologist 29:45–49. 

Schueler FW. 1983. Reticulate melanism in Canadian Western Painted Turtles. Blue Jay 41:83–91.
Schumacher J. 1996. Viral diseases. In: Mader DR, editor. Reptile medicine and surgery. Philadelphia: WB 

Saunders. p 224–234.
Schumacher J, Jacobson ER, Homer BL, Gaskin JM. 1994. Inclusion body disease in boid snakes. Journal of Zoo 



1�� Patrick Galois and Martin Ouellet

and Wildlife Medicine 25:511–524.
Self JT. 1969. Biological relationships of the Pentastomida; a bibliography on the Pentastomida. Experimental 

Parasitology 24:63–119.
Shank CC. 1999. The Committee on the Status of Endangered Wildlife in Canada (COSEWIC): a 21-year 

retrospective. Canadian Field-Naturalist 113:318–341.
Shine R, Mason RT. 2004. Patterns of mortality in a cold-climate population of garter snakes (Thamnophis sirtalis 

parietalis). Biological Conservation 120:205–214.
Shine R, Olsson MM, Moore IT, LeMaster MP, Mason RT. 1999. Why do male snakes have longer tails than females? 

Proceedings of the Royal Society of London (B) 266:2147–2151.
Shine R, LeMaster MP, Moore IT, Olsson MM, Mason RT. 2001. Bumpus in the snake den: effects of sex, size, and 

body condition on mortality of Red-Sided Garter Snakes. Evolution 55:598–604.
Shine R, Langkilde T, Wall M, Mason RT. 2005. The fitness correlates of scalation asymmetry in garter snakes 

Thamnophis sirtalis parietalis. Functional Ecology 19:306–314.
Shotts EB Jr. 1984. Aeromonas. In: Hoff GL, Frye FL, Jacobson ER, editors. Diseases of amphibians and reptiles. 

New York: Plenum Press. p 49–57.
Shotts EB Jr, Gaines JL Jr, Martin L, Prestwood AK. 1972. Aeromonas-induced deaths among fish and reptiles in an 

eutrophic inland lake. Journal of the American Veterinary Medical Association 161:603–607.
Siddall ME. 1995. Phylogeny of adeleid blood parasites with a partial systematic revision of the haemogregarine 

complex. Journal of Eukaryotic Microbiology 42:116–125.
Siddall ME, Desser SS. 1990. Gametogenesis and sporogonic development of Haemogregarina balli (Apicomplexa: 

Adeleina: Haemogregarinidae) in the leech Placobdella ornata. Journal of Protozoology 37:511–520.
Siddall ME, Desser SS. 1991. Merogonic development of Haemogregarina balli (Apicomplexa: Adeleina: 

Haemogregarinidae) in the leech Placobdella ornata (Glossiphoniidae), its transmission to a chelonian 
intermediate host and phylogenetic implications. Journal of Parasitology 77:426–436.

Siddall ME, Desser SS. 1992a. Alternative leech vectors for frog and turtle trypanosomes. Journal of Parasitology 
78:562–563.

Siddall ME, Desser SS. 1992b. Prevalence and intensity of Haemogregarina balli (Apicomplexa: Adeleina: 
Haemogregarinidae) in three turtle species from Ontario, with observations on intraerythrocytic development. 
Canadian Journal of Zoology 70:123–128.

Siddall ME, Desser SS. 2001. Transmission of Haemogregarina balli from Painted Turtles to Snapping Turtles 
through the leech Placobdella ornata. Journal of Parasitology 87:1217–1218.

Siddall ME, Martin DS, Bridge D, Desser SS, Cone DK. 1995. The demise of a phylum of protists: phylogeny of 
Myxozoa and other parasitic Cnidaria. Journal of Parasitology 81:961–967.

Smith HM. 1947. Kyphosis and other variations in soft-shelled turtles. University of Kansas Museum of Natural 
History Publications 1:117–124.

Smith HM, Chiszar D. 1988. The earliest records of ophidian dicephaly in the western hemisphere. Bulletin of the 
Chicago Herpetological Society 23:121–123.

Smith HM, Fitzgerald KT. 1983. Trauma-induced developmental vertebral displacement (rhoecosis) in a garter 
snake. Herpetological Review 14:69–72.

Smith HM, Pérez-Higareda G. 1987. The literature on somatodichotomy in snakes. Bulletin of the Maryland 
Herpetological Society 23:139–153.

Smith JW. 1972. The blood flukes (Digenea: Sanguinicolidae and Spirorchidae) of cold-blooded vertebrates and 
comparison with the schistosomes. Helminthological Abstracts (Series A) 41:161–204.

Smith TG. 1996. The genus Hepatozoon (Apicomplexa: Adeleina). Journal of Parasitology 82:565–585.
Smith TG, Desser SS. 1997a. Phylogenetic analysis of the genus Hepatozoon Miller, 1908 (Apicomplexa: Adeleorina). 

Systematic Parasitology 36:213–221.
Smith TG, Desser SS. 1997b. Ultrastructural features of the gametogenic and sporogonic development of Hepatozoon 

sipedon (Apicomplexa: Adeleorina). The applicability of ultrastructural data in differentiating among Hepatozoon 
species. Parasite 4:141–151.

Smith TG, Desser SS. 1998. Ultrastructural features of cystic and merogonic stages of Hepatozoon sipedon 
(Apicomplexa: Adeleorina) in Northern Leopard Frogs (Rana pipiens) and Northern Water Snakes (Nerodia 
sipedon) from Ontario, Canada. Journal of Eukariotic Microbiology 45:419–425.

Smith TG, Desser SS, Hong H. 1994a. Morphology, ultrastructure and taxonomic status of Toddia sp. in Northern 
Water Snakes (Nerodia sipedon sipedon) from Ontario, Canada. Journal of Wildlife Diseases 30:169–175.

Smith TG, Desser SS, Martin DS. 1994b. The development of Hepatozoon sipedon sp. nov. (Apicomplexa: Adeleina: 
Hepatozoidae) in its natural host, the Northern Water Snake (Nerodia sipedon sipedon), in the culicine 
vectors Culex pipiens and C. territans, and in an intermediate host, the Northern Leopard Frog (Rana pipiens). 
Parasitology Research 80:559–568.



  Health and Disease in Canadian Reptiles 1�7

Smith TG, Kopko SH, Desser SS. 1996. Life cycles, morphological characteristics, and host specificity of Hepatozoon 
species infecting Eastern Garter Snakes from Ontario. Canadian Journal of Zoology 74:1850–1856.

Smith TG, Kim B, Desser SS. 1999. Phylogenetic relationships among Hepatozoon species from snakes, frogs and 
mosquitoes of Ontario, Canada, determined by ITS-1 nucleotide sequences and life-cycle, morphological and 
developmental characteristics. International Journal for Parasitology 29:293–304.

Spalatin J, Connell R, Burton AN, Gollop BJ. 1964. Western equine encephalitis in Saskatchewan reptiles and 
amphibians, 1961–1963. Canadian Journal of Comparative Medicine and Veterinary Science 28:131–142.

Spalding MG, Forrester DJ. 1993. Disease monitoring of free-ranging and released wildlife. Journal of Zoo and 
Wildlife Medicine 24:271–280.

Sparling DW, Linder G, Bishop CA, editors. 2000. Ecotoxicology of amphibians and reptiles. Pensacola, FL: Society 
of Environmental Toxicology and Chemistry.

Squires HJ. 1954. Records of marine turtles in the Newfoundland area. Copeia 1954:68.
Stafford J. 1900. Some undescribed trematodes. Zoologische Jahrbücher, Abtheilung für Systematik, Geographie 

und Biologie 13:399–414.
Stafford J. 1902. Notes on worms. Zoologischer Anzeiger 25:481–483.
Stafford J. 1905. Trematodes from Canadian vertebrates. Zoologischer Anzeiger 28:681–694.
Standing KL, Herman TB, Morrison IP. 1999. Nesting ecology of Blanding’s Turtle (Emydoidea blandingii) in Nova 

Scotia, the northeastern limit of the species’ range. Canadian Journal of Zoology 77:1609–1614.
Standing KL, Herman TB, Morrison IP. 2000a. Developmental abnormalities in a northeastern population of 

Blanding’s Turtle, Emydoidea blandingii. Chelonian Conservation and Biology 3:661–664.
Standing KL, Herman TB, Shallow M, Power T, Morrison IP. 2000b. Results of the nest protection program for 

Blanding’s Turtle in Kejimkujik National Park, Canada: 1987–1997. Chelonian Conservation and Biology 
3:637–642.

Starbird C, Audel H. 2000. Dermochelys coriacea (Leatherback Sea Turtle). Fishing net ingestion. Herpetological 
Review 31:43.

St. Clair RC, Gregory PT. 1990. Factors affecting the northern range limit of Painted Turtles (Chrysemys picta): 
winter acidosis or freezing? Copeia 1990:1083–1089.

Steele D. 1972. A Leatherback Turtle (Dermochelys coriacea) caught in Conception Bay. Osprey 3:44–46.
Stickel WH. 1942. A partially scaleless garter-snake. Copeia 1942:181.
Stuart JN, Watson ML, Brown TL, Eustice C. 2001. Plastic netting: an entanglement hazard to snakes and other 

wildlife. Herpetological Review 32:162–164.
Tangredi BP, Evans RH. 1997. Organochlorine pesticides associated with ocular, nasal, or otic infection in the Eastern 

Box Turtle (Terrapene carolina carolina). Journal of Zoo and Wildlife Medicine 28:97–100.
Telford SR Jr. 1970. A comparative study of endoparasitism among some southern California lizard populations. 

American Midland Naturalist 83:516–554.
Telford SR Jr. 1984. Haemoparasites of reptiles. In: Hoff GL, Frye FL, Jacobson ER, editors. Diseases of amphibians 

and reptiles. New York: Plenum Press. p 385–517.
Telford SR Jr, Wozniak EJ, Butler JF. 2001. Haemogregarine specificity in two communities of Florida snakes, 

with descriptions of six new species of Hepatozoon (Apicomplexa: Hepatozoidae) and a possible species of 
Haemogregarina (Apicomplexa: Haemogregarinidae). Journal of Parasitology 87:890–905.

Thacker TL. 1924. Notes on Bell’s Painted Turtles (Chrysemys marginata bellii) in British Columbia. Canadian 
Field-Naturalist 38:164–167.

Threlfall W. 1979. Three species of Digenea from the Atlantic Leatherback Turtle (Dermochelys coriacea). Canadian 
Journal of Zoology 57:1825–1829.

Timmers SF, Lewis PD Jr. 1979. Helminths of Chrysemys picta belli in Manitoba including Polystomoides pauli 
sp.n. (Monogenea: Polystomatidae). Canadian Journal of Zoology 57:1046–1051.

Toner GC, Edwards WE. 1938. Cold-blooded vertebrates of Grippen Lake, Leeds County, Ontario. Canadian Field-
Naturalist 52:40–43.

Trauth SE, Mullen GR. 1990. Additional observations on sarcophagid fly infestations of Sceloporus undulatus 
(Sauria: Iguanidae) egg clutches in Arkansas. Southwestern Naturalist 35:97–98.

Trombulak SC, Frissell CA. 2000. Review of ecological effects of roads on terrestrial and aquatic communities. 
Conservation Biology 14:18–30.

Turk F. 1945. Studies of acari. IV. A review of the lung mites of snakes. Parasitology 38:17–26.
Upton SJ, Current WL, Barnard SM. 1986. A review of the genus Caryospora Léger, 1904 (Apicomplexa: Eimeriidae). 

Systematic Parasitology 8:3–21. 
Upton SJ, McAllister CT, Freed PS, Barnard SM. 1989. Cryptosporidium spp. in wild and captive reptiles. Journal 

of Wildlife Diseases 25:20–30.



1�� Patrick Galois and Martin Ouellet

Vitt LJ, Cooper WE Jr. 1986. Tail loss, tail color, and predator escape in Eumeces (Lacertilia: Scincidae): age-specific 
differences in costs and benefits. Canadian Journal of Zoology 64:583–592.

Vogt RC. 1981. Turtle egg (Graptemys: Emydidae) infestation by fly larvae. Copeia 1981:457–459.
Wacha RS, Christiansen JL. 1974. Systematics of the Eimerian parasites from North American snakes of the family 

Colubridae, and their prevalence in the colubrids of Iowa. Journal of Protozoology 21:483–489.
Wacha RS, Christiansen JL. 1976. Coccidian parasites from Iowa turtles: systematics and prevalence. Journal of 

Protozoology 23:57–63.
Wacha RS, Christiansen JL. 1977. Additional notes on the coccidian parasites of the soft-shell turtle, Trionyx spiniferus 

Le Sueur, in Iowa, with a description of Eimeria vesicostieda sp. n. Journal of Protozoology 24:357–359.
Walde AD, Bider JR, Daigle C, Masse D, Bourgeois J-C, Jutras J, Titman RD. 2003. Ecological aspects of a Wood 

Turtle, Glyptemys insculpta, population at the northern limit of its range in Québec. Canadian Field-Naturalist 
117:377–388.

Wallach V. 1995. New records of dicephalic snakes in museum collections. Herpetological Review 26:127–129.
Wallach V. 1998. The lungs of snakes. In: Gans C, Gaunt AS, editors. Biology of the Reptilia, Vol 19, Visceral organs. 

Ithaca, NY: Society for the Study of Amphibians and Reptiles. p 93–295.
Wang CC, Hopkins SH. 1965. Haemogregarina and Haemoproteus (Protozoa, Sporozoa) in blood of Texas freshwater 

turtles. Journal of Parasitology 51:682–683.
Wang T, Smits AW, Burggren WW. 1998. Pulmonary function in reptiles. In: Gans C, Gaunt AS, editors. Biology of the 

Reptilia, Vol 19, Visceral organs. Ithaca, NY: Society for the Study of Amphibians and Reptiles. p 297–374.
Weller WF. 1983. Albino Eastern Garter Snakes, Thamnophis sirtalis sirtalis, from Ontario. Canadian Field-Naturalist 

97:456.
Westhouse RA, Jacobson ER, Harris RK, Winter KR, Homer BL. 1996. Respiratory and pharyngo-esophageal 

iridovirus infection in a Gopher Tortoise (Gopherus polyphemus). Journal of Wildlife Diseases 32:682–686.
Whillans TH, Crossman EJ. 1977. Morphological parameters and spring activities in a central Ontario population 

of Midland Painted Turtle, Chrysemys picta marginata (Agassiz). Canadian Field-Naturalist 91:47–57.
Whiteaves JF. 1902. A Canadian two-headed snake. Ottawa Naturalist 16:148.
Williams EH Jr, Bunkley-Williams L, Peters EC, Pinto-Rodríguez B, Matos-Morales R, Mignucci-Giannoni AA, 

Hall KV, Rueda-Almonacid JV, Sybesma J, Bonnelly de Calventi I, Boulon RH. 1994. An epizootic of cutaneous 
fibropapillomas in Green Turtles Chelonia mydas of the Caribbean: part of a panzootic? Journal of Aquatic 
Animal Health 6:70–78. 

Willis L, Threlkeld ST, Carpenter CC. 1982. Tail loss patterns in Thamnophis (Reptilia: Colubridae) and the probable 
fate of injured individuals. Copeia 1982:98–101.

Wilson BS. 1992. Tail injuries increase the risk of mortality in free-living lizards (Uta stansburiana). Oecologia 
92:145–152.

Wilson LD, Porras L. 1983. The ecological impact of man on south Florida herpetofauna. University of Kansas 
Museum of Natural History Special Publication 9.

Woo PTK. 1969a. The life cycle of Trypanosoma chrysemydis. Canadian Journal of Zoology 47:1139–1151.
Woo PTK. 1969b. Trypanosomes in amphibians and reptiles in southern Ontario. Canadian Journal of Zoology 

47:981–988.
Wozniak EJ, DeNardo DF. 2000. The biology, clinical significance and control of the common snake mite, 

Ophionyssus natricis, in captive reptiles. Journal of Herpetological Medicine and Surgery 10:4–10.
Wozniak EJ, Telford SR Jr, DeNardo DF, McLaughlin GL. 1996. The biology of reptilian Hepatozoon species and 

their potential influence on the health status of captive reptiles. Bulletin of the Association of Reptilian and 
Amphibian Veterinarians 6:8–12.

Wright RR. 1884. Contributions to American helminthology. Proceedings of the Canadian Institute 1:54–75.
Zangerl R, Johnson RG. 1957. The nature of shield abnormalities in the turtle shell. Fieldiana Geology 10:341–

362.
Zullo VA, Bleakney SJ. 1966. The cirriped Stomatolepas elegans (Costa) on Leatherback Turtles from Nova Scotian 

waters. Canadian Field-Naturalist 80:162–165.
Zweifel RG. 1998. Apparent non-Mendelian inheritance of melanism in the garter snake Thamnophis sirtalis. 

Herpetologica 54:83–87.


