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given the low diversity (2 species) and extreme geographical restriction of tuataras (Sphenodontia),
we do not separately review this group. Our specific objectives in this chapter are to

1) call attention to the lack of data on the status of reptile populations and describe strategies
for documenting range-wide and localized declines,

2) describe the major threats facing reptile populations globally, and

3) describe current patterns of imperilment in reptile populations.

Two major reviews have recently described the main threats to reptile populations, and we expand
on these using recent examples from an ever-growing body of literature (Gibbons et al. 2000; Irwin
and Irwin 2005),

3.1 DETERMINING THE STATUS OF REPTILE SPECIES AND POPULATIONS

As with many fauna in recent years, conservation biologists have raised concerns over reported
reptile declines, some of which have garnered widespread recognition (e.g., Asian turtle crisis;
Buhlmann et al. 2002). Nevertheless, the considerable and notable lack of information regarding
the status of reptiles in most regions has hampered full understanding and appreciation of their cur-
rent plight. Without question, some reptile populations have been extirpated and numbers of some
species have declined with little indication of the underlying cause. In some cases, concerns about
declines are based wholly on anecdotal observations or on a growing perception of a species’ rar-
ity without accompanying quantitative data. Clearly, a primary goal of herpetologists and wildlife
biologists should be to clarify the global status and distribution of reptile populations.

The World Conservation Union (IUCN) has been a global leader in assessing the status of many
floral and faunal species as part of its ongoing Red List program (Baillie et al. 2004). Although
the IUCN has comprehensively assessed birds, mammals, and amphibians to date, a global reptile
assessment. was only recently begun. Currently, reptiles remain one of the least known vertebrate
taxa, and the conservation status of only about 6% of species has been assessed (Baillie et al.
2004). Some impediments to determining the status of reptiles derive from difficulties in studying
or monitoring their populations. For example, many reptiles are characterized by cryptic coloration
or behavior, which can impede observation or capture (Zug et al. 2001; Dorcas and Willson 2009).
Detectability of reptiles also depends to some degree on the survey technique used, the seasonal
or daily timing of surveys, and the environmental conditions during which surveys are conducted
(Todd et al. 2007). Additionally, the status of reptiles can be assessed on at least 2 scales: local
populations and regional distributions. i

Concerns over declines of some reptiles arise from general impressions of ran ge-wide or regional
contractions in species’ distributions. Obviously, such declines are cause for alarm because they
may point to wide-ranging or systemic threats to species. However, adequate quantitative docu-
mentation of range-wide or regional declines in reptile species is infrequent, possibly due to the
time and collaboration required to collect sufficient data at such large spatial scales. Nevertheless,
successful models of range-wide investigations do exist and demonstrate the usefulness of con-
structing large-scale overviews of changes in species’ distributions. In 1 example, investigators
compiled distributional information from published scientific records, unpublished reptile surveys,
museum databases, state natural heritage programs, and contributions by individual researchers to
compare the historical vs. currently known distribution of the southern hognose snake, Heterodon
simus (Tuberville et al. 2000). This collaborative effort revealed substantial declines of the species
in portions of its range and provides a powerful example for other studies of distributional change
in reptiles. In some cases, resurveying habitats across a species’ range can also reveal that popula-
tions may be more widespread than previously suspected, as was the case for the sharp-tailed snake,
Contia tenuis, in Oregon (Hoyer et al. 2006).
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At a finer resolution, studies of individual reptile populations are also useful for revealing the
plight of species, albeit at a more limited scope. As pointed out by other authors, studies of individ-
ual populations should use standardized methods to monitor changes in abundance or density over
long periods of time (Gibbons et al. 2000). As an example, a long-term study of the abundance of
eastern kingsnakes, Lampropeltis getula, revealed an alarming disappearance of the species from
| site over 30 years (Winne et al. 2007). Although the decline could not be attributed to any single
cause in this case, the examination of local populations is often more likely to reveal specific causes
for a species’ decline than are range-wide studies. Ultimately, a combination of studies at multiple
scales will provide the most comprehensive assessment of the status and distribution of reptiles, as
has been the case with the Texas horned lizard, Phrynosoma cornutum (Donaldson et al. 1994).

Lastly, as reptile populations fall under increasing scrutiny by scientists and conservation man-
agers, it will be important to distinguish between natural declines and anthropogenic ones, and even
to determine whether fluctuations in distribution or abundance represent “declines” per se (Alford
and Richards 1999; Pechmann 2003). All animal populations presumably experience some level of
normal fluctuation in abundance that will vary depending on the species or population in question.
Thus, short-term monitoring that provides limited snapshots of population size may reveal current
status but will not expose longer-term population trends or their causes (Gibbons et al. 2000). For this
reason, the value of long-term studies and the data they generate cannot be overstated. Nevertheless,
accumulation of numerous accounts from short-term studies may reveal a declining trajectory that
can lend credence to conservation concerns for a given species or population (Gibbons et al. 2000).
The scientific community would do well to take notice of the incredible mobilization of inventory
and monitoring programs and other research activities that have followed recognition of the acute
imperilment of many amphibians. Proactive recognition of the need to closely monitor reptiles may
be instrumental in preventing or mediating their declines and minimizing the economic cost of
reactive, and sometimes belated, conservation efforts.

3.2 FACTORS CONTRIBUTING TO REPTILE DECLINES

Establishing a causal link between any specific factor and declines of reptile populations can be diffi-
cult but is of foremost concern for effective conservation. Although in some cases 1 factor may weigh
heavily on a population, multiple interacting factors nearly always affect a species’ abundance and
distribution. Several factors have been identified as threats to reptile populations and are implicated
in declines of at least some reptiles, including habitat loss and fragmentation, unsustainable removal,
anthropogenic environmental contamination, climate change, invasive species, disease and parasit-
ism, and trophic cascades, and we discuss these in detail in the following sections. Two other seldom
mentioned but nonetheless important factors bearing on the status of reptile populations are social
apathy and special or political interests. Indeed, social apathy can be a major obstacle to reptile con-
servation because many reptiles are subjects of personal derision, a problem that must be overcome
before appropriate motivation can spur conservation interest (Gibbons 1988). Similarly, the willing-
ness of nongovernmental organizations and state, provincial, or national governments to recognize
the plight of declining species and the need for conservation effort often depends on special or politi-
cal interests and will undeniably have considerable impact on the persistence of many reptiles.

3.2.1 Hasitat Loss

Habitat loss, including degradation, fragmentation, or conversion for other use, is typically regarded
as the single greatest cause of faunal declines globally (Wilcove et al. 1998; Sala et al. 2000). Thus,
the fact that habitat loss is considered to be the leading cause of reptile declines is not surprising
(Mittermeier et al. 1992; Gardner et al. 2007). Habitat loss due to conversion of land for human use
typically occurs for agriculture, housing or infrastructure development, commercial forestry, and to
support recreation, including constructing golf courses or dredging lakes and other aquat ic habitats.
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Habitat loss from conversion can result in direct animal mortality that is often difficult to quantify.
Nevertheless, mortality of turtles and aquatic snakes during lake dredging has been documented
(Aresco and Gunzburger 2004), and entombment of live gopher tortoises (Gopherus polyphemus) dur-
ing land development was widespread in Florida prior to a ban on the practice (Cox 2007). Ultimately,
however, immediate mortality from habitat alteration likely poses less threat than the subsequent long-
term, indirect effects of habitat loss and degradation on survival and reproduction.

Habitat loss can affect reptiles indirectly by limiting their ability to meet ecological needs for
survival and reproduction. For example, many reptiles decline in abundance over time follow-
ing the clearing of primary forest or conversion to plantation forest (Glor et al. 2001; Kanowski
et al. 2006). In fact, the decline of multiple reptile species in the southeastern United States has
followed widespread and nearly complete loss of native longleaf pine habitat (Ware et al. 1993;
Gibbons et al. 2000). At a finer scale, 1 study from the southeastern United States demonstrated
that planted pine forests and recent clear-cuts supported reduced abundances of small snakes
compared with open-canopied partially harvested forests (Todd and Andrews 2008). The precise
mechanisms of decline remain unknown but are presumably related to a general degradation of
habitat quality from anthropogenic land conversion. Additional examples of the effects of habitat
degradation include the loss of foraging and refuge due to bush-rock collection, which has con-
tributed to the decline of the Australian broad-headed snake (Hoplocephalus bungaroides; Shine
et al. 1998), and reductions in lizard abundance due to human-induced bush encroachment in
Africa (Meik et al. 2002).

Loss and degradation of aquatic habitats also pose a serious threat to reptiles. Notable examples
include declines of the crocodilian fauna of the Ganges and Yangtze Rivers (IUCN 2009), which
have become increasingly imperiled following damming, flow modification, and general degrada-
tion of river habitat (Dudgeon et al. 2006). Similarly, channelization and dam building have been
implicated in declines of river-dwelling North American map turtles (Graptemys spp.; Kofron 1991).
The vulnerability of sea turtles to coastal development that degrades or eliminates nesting habitat
has been appreciated for decades (Lutcavage et al. 1997; Spotila 2004). Likewise, the effects of
terrestrial habitat alteration that disturbs or eliminates nesting and refuge sites of freshwater turtles
can also be severe (Buhlmann 1995; Burke and Gibbons 1995). Many semiaquatic snake species
that use wetland habitats share the plight of turtles if wetlands are lost or terrestrial habitat around
sensitive aquatic resources is altered (Roe et al. 2003, 2004; Willson et al. 2006).

Habitat fragmentation is the emergence of discontinuities in an organism’s preferred environ-
ment. Habitat fragmentation may occur due to natural processes but increasingly results from
anthropogenic habitat loss or land conversion that isolates remaining patches of suitable habitat,
The degree to which habitat fragmentation threatens a species depends on how greatly a species’
movements are affected by the interspersed barriers that separate remaining usable habitat. Some
lizard, snake, and turtle species are vulnerable to habitat fragmentation, with general declines in
abundance being reported (Dodd 1990; Kjoss and Litvaitis 2001; Driscoll 2004), whereas others
are not (Driscoll 2004). In other cases, habitat fragmentation affects the demography of remaining
reptile populations. For example, patch size was positively correlated with abundance, survivorship,
and recruitment of Florida scrub lizards, Sceloporus woodi (Hokit and Branch 2003). Of particular
concern is the possible role that roadways play in fragmenting habitat. Because road mortality of
turtles and snakes is often high (Aresco 2003; Gibbs and Steen 2005; Andrews and Gibbons 2008;
see the next section), roads effectively become barriers that separate and isolate habitat (Roe et al.
2006). Again, however, species will differ in the extent to which roads act as barriers to movement
(Andrews and Gibbons 2005), and therefore fragment populations.

3.2.2 UNSUSTAINABLE REMOVAL

Removal of reptiles from wild populations occurs both commercially and noncommercially for
food, “traditional” medicine, curios, and the pet trade, as well as unintentionally as by-catch in



The Global Status of Reptiles and Causes of Their Decline 51

other harvesting activities and, increasingly, as a result of road mortality. Although removal per se
is not necessarily harmful to population persistence — many reptile populations could presumably
sustain some low level of harvest — removal at unsustainable rates is a serious threat that places
many reptile populations and species in peril. To date, few studies have demonstrated sustainability
of removal activities on reptile populations. In contrast, studies documenting intense levels of reptile
harvesting and subsequent declines in wild populations are common.

Perhaps the mostly widely recognized removal-driven peril results from the ongoing use of rep-
tiles for food, skins, or “traditional” medicines. Imperilment of Asian turtles due to unsustainable
removal has reached crisis levels and has grim consequences for the persistence of many freshwater
and terrestrial turtles if not remedied (Buhlmann et al. 2002). The exploitation of turtles, however,
is not restricted to Asia; many Central and South American cultures relish turtles and their eggs,
resulting in continued threats to both freshwater and marine turtle populations (Lagueux 1991;
Thorbjarnarson et al. 1997). Moreover, the consumptive use of reptiles is not limited to turtles. In
Asia, snakes face rapidly growing pressure from exploitive use, with as many as 1 million snakes
being harvested in northeast China and nearly 8 million kg traded each year across the country
(Zhou and Jiang 2004, 2005). Likewise, in Cambodia, an estimated 6.9 million aquatic snakes are
removed annually from Tonle Sap Lake to feed the growing crocodile farms in that region (Brooks
et al. 2007). Subsequently, hunters have reported a 74% to 84% decline in snake catch from 2000
to 2005 (Brooks et al. 2007). Pythons (Python spp.), too, face significant harvest pressure in many
parts of Indonesia (Shine et al. 1999). Monitors (Varanus spp.) and tegus (Tupinambis spp.) are
heavily harvested for their skins at rates of as much as 1 million animals per year in the case of
South American tegus (Pianka and Vitt 2003; Mieres and Fitzgerald 2006). In Africa, bushmeat
consumption often extends to highly endangered species such as the dwarf crocodile, Osteolaemus
tetraspis (Willcox and Nambu 2007). The complete list of affected species is lengthy (see also
reviews in Gibbons et al. 2000; Irwin and Irwin 2005) and a precautionary policy of preventing
massive exploitation until sustainable removal limits are identified appears to be the best method of
ensuring the persistence of reptile populations.

The commercial removal of reptiles from wild populations for use as pets is another consump-
tive use affecting reptiles globally. In many cases, evidence linking collection of animals for the
pet trade to declines of wild reptile populations is lacking because long-term studies of the status of
reptile populations following targeted collecting have not been conducted. Nevertheless, collection
of reptiles for the pet trade may endanger wild populations due to the large scale at which some
reptiles are collected. Many species of turtles, snakes, chameleons, and other lizards are under
increasing demand, and collection in wild populations continues at high levels (Reed and Gibbons
2003; Carpenter et al. 2004; Schlaepfer et al. 2005) that can threaten population persistence (Webb
et al. 2002).

Removal of individual reptiles also occurs as by-catch in fisheries and from intentional and
unintentional road mortality. Mortality of long-lived sea turtles in longline fisheries and shrimp
iiets is likely unsustainable and contributes to the rapid and ongoing declines of many sea turtle
species (Lewison et al. 2003, 2004). Similarly, both commercial and recreational crab trapping
have been implicated in declines of the North American diamondback terrapin, Malaclemys ter-
rapin (Bishop 1983; Dorcas et al. 2007), a species already heavily depleted from commercial
¢xploitation for food in the 1800s to early 1900s (Carr 1952). In developed countries, roads repre-
sent an additional, substantial, and often ignored source of mortality in many reptile populations.
Snikes and turtles are probably hardest hit by road mortality because they are large, often move
slowly, and are sometimes direct targets for persecution by motorists (Andrews and Gibbons
2005; Ashley et al. 2007). Increasingly male-biased sex ratios in turtle populations attest to the
potential long-term effects of road mortality on reptiles; female turtles are more likely to cross
roads during nesting forays and are enticed to oviposit on road shoulders due to the presence of
sunny nesting habitat, leading to disproportionately higher female mortality (Aresco 2005; Steen
et al. 2006).
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3.2.3 ENVIRONMENTAL CONTAMINATION

Release of contaminants — including pesticides, herbicides, heavy metals, and radioactive waste
into the environment has been listed as 1 of the 6 major contributors to the global decline of reptiles
(Gibbons et al. 2000). Reptiles exhibit a suite of ecological and life history characteristics that make
them particularly vulnerable to contaminants (Hopkins 2000). With the exception of a few lizard
and turtle species, reptiles are strictly carnivorous, and many occupy high trophic positions within
food webs. Thus, reptiles are at risk from biomagnification of contaminants. Additionally, many
reptiles are long-lived and have small home ranges compared to similar-sized endotherms, making
them susceptible to long-term contaminant exposure and subsequent bioaccumulation (Hopkins
2000; Shelby and Mendonca 2001; Bergeron et al. 2007). Although reptiles may be at particularly
high risk from contaminants, they are currently the least studied vertebrate group in ecotoxicology
(Hopkins 2000; Chapter 1, this volume). Within reptiles, ecotoxicological research has primarily
been restricted to turtles and crocodilians, and our knowledge of the effects of toxins on squamates
is still limited (Campbell and Campbell 2001).

The most overt measurable effect that contaminants can have on reptiles is direct mortality of
individuals resulting from exposure. Several studies have reported mortality of reptiles in associa-
tion with intentional (e.g., pesticide application) or accidental (e.g., spills or contaminant leakage)
introduction of toxins into the environment (reviewed in Campbell and Campbell 2000, 2001), but
few authors have related such acute mortality events to population declines. However, Romero and
Wilkelski (2002) noted population declines of Galapagos marine iguanas (Amblyrhynchus crista-
tus) following a low-level oil spill. Declines were not observed on islands that remained unaffected
by the spill. Romero and Wilkelski (2002) speculated that iguanas died of starvation after the diges-
tive bacteria in their guts were killed by oil residues found in their diet of marine algae. In a similar
example, Ernst et al. (1994) noted the disappearance of yellow-blotched map turtles (Graptemys
flavimaculaia) from sections of river immediately downstream from a paper mill. However, it is
unclear if changes in turtle abundance represented population declines or movement of turtles out
of contaminated areas due to lack of prey (aquatic invertebrates) or other factors. To date, reports
of population declines associated with environmental contamination are largely restricted to turtles
and large lizards. Cryptic behavior and/or low activity levels (which result in low capture rates
during surveys; Dorcas and Willson in press) of many snakes and smaller lizards would conceal
mortality events and hamper detection of population declines.

Although less obvious than direct mortality, sublethal effects of contaminants may be more detri-
mental to the long-term persistence of reptile populations. High tissue loads of various contaminants
have been documented from reptiles in the field (e.g., lizards and snakes; reviewed in Campbell and
Campbell 2000, 2001; Bergeron et al. 2007; this volume), and sublethal effects of contaminants on
reptile locomotor performance (e.g., Hopkins et al. 2005; Holem et al. 2006; Hopkins and Winne
2006; DuRant et al. 2007a) and metabolic energy consumption (e.g., Hopkins et al. 2005; DuRant
et al. 2007b) have been demonstrated in the laboratory. Although these studies provide insight on
the mechanisms linking sublethal contaminant exposure to population dynamics, few studies have
attributed declining reptile populations to sublethal contaminate exposure. A well-cited exception is
the decline of American alligators (Alligator mississippiensis) in a Florida lake contaminated with
estrogenic compounds (Guillette et al. 1994; Semenza et al. 1997). Alligator declines were attrib-
uted to reproductive failure resulting from reduced testosterone levels and gonadal malformations.
Likewise, Shelby and Mendonca (2001) found reduced testosterone levels in some male yellow-
blotched map turtles (Graptemys flavimaculata) from polluted habitats, suggesting that effects of
pollutants on reproduction may have been responsible for population declines previously observed
at that site. Although much of the investigation of indirect effects of contaminants on reptiles has
focused on the effects of endocrine disrupters on reproduction, exposure to contaminants may also
affect energy acquisition and expenditure. For example, Hopkins et al. (1999) found that banded
watersnakes (Nerodia fasciata) collected from a wetland polluted with coal combustion waste had




The Global Status of Reptiles and Causes of Their Decline 53

clevated tissue concentrations of trace metals and standard metabolic rates that were 32% higher
than those of snakes from an unpolluted site. Elevated metabolic rates presumably limit energy
availability for growth and reproduction in snakes {rom contaminated sites.

Finally, consider possible synergistic effects of contaminants with other threats facing reptiles. For
example, a plausible scenario is one in which sublethal exposure to contaminants compromises immu-
nocompetence, resulting in outbreaks of opportunistic pathogens that might otherwise be benign or
manageable under normal circumstances. Although these types of questions have not been addressed
in reptiles, consideration of the effects of multiple stressors on reptiles will undoubtedly become
increasingly important as human populations continue to grow and expand around the globe.

3.2.4 Cumate CHANGE

Global climate change has been an ongoing process throughout the evolutionary history of reptiles
and has been nearly continuous in the past 65 million years (Zachos et al. 2001). However, given
indications that recent global climate warming is occurring at a pace unprecedented in recent history
(IPCC 2007), rapid climate change is particularly relevant in our consideration of threats to reptile
populations. Possible effects from climate change fall broadly into categories of direct and indirect
effects, both of which have either caused or are expected to cause changes in reptile populations.

Because reptiles are ectothermic, they are highly dependent on suitable external temperatures
(o regulate their own body temperatures and support metabolic and other functions. Subsequently,
direct effects of climate change may manifest as changes in growth rates or the age at onset of
reproductive maturity, as shown in painted turtles, Chrysemys picta (Frazer et al. 1993). Theoretical
models further suggest that changes in global climate can have profound effects on reptile popula-
{ions. Dunham (1993) used individual-based models to estimate physiological responses ol Big
Bend Canyon Lizards (Sceloporus merriami) to climate change and predicted that increases in air
temperature of 2 °C to 5 °C could constrict activity sufficiently to drive populations to extinction.
Others have expressed concern that climate change may have a considerable impact on reptiles with
temperature-dependent sex determination, such as some turtles, lizards, and crocodilians, by alter-
ing sex ratios within populations (Janzen 1994).

Other obvious effects that global climate change may have on reptile populations include direct
and indirect influences on habitat suitability. For example, changes in temperature and precipitation
may directly affect the habitability of a reptile’s environment and could cause shifts in reptile distri-
butions at a large scale. Aratjo et al. (2006) explored possible scenarios of habitat change in Europe
and concluded that, although suitable habitat for European reptiles is likely to expand under most
circumstances, limited dispersal abilities of reptiles may increase their vulnerability to climate
change. Dispersal capability may be further constrained by the ever-increasing habitat fragmenta-
tion that accompanies human population growth. Furthermore, regional changes in precipitation
and temperature regimes are likely to broadly affect community composition, and some landscapes
may change dramatically (Guertin et al 1997; Still et al. 1999). Whitfield et al. (2007) suggested
| instance of indirect effects of climate change when they documented a steady decline in several
lizard species at La Selva, Costa Rica, over a 35-year period. They attributed declines to climate-
driven reductions in the quantity of leaf litter. Also, severe climatic events are expected to become
more frequent due to the destabilization of regional weather patterns under many global warming
seenarios (IPCC 2007). Subsequently, droughts or other meteorological events such as cyclones
may negatively affect reptile populations (Seigel et al. 1995; Willson et al. 2006).

§.2.5 INVASIVE SPECIES

Recent expansion of human populations and increases in global transportation and trade have
resulted in introduction and establishment of many species in areas outside of their native geographic
tange. Many introduced species have subsequently proliferated, resulting in severe ecological and
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economic damage (Pimentel et al. 2000). Consequently, invasive exotic species are currently recog-
nized as one of the foremost threats to global biodiversity (Park 2004), including reptiles (Gibbons
et al. 2000).

Invasive exotic species affect native species in a variety of ways. One of the most obvious ways
introduced animals can affect reptile populations is by directly preying upon them. Predator introduc-
tions that have resulted in the decline or extirpation of many species are especially obvious on island
ecosystems that were previously bereft of predators. For example, introduced predators (mongoose,
Herpestes javanicus, and rats, Rattus rattus) have been identified as the single greatest threat to snakes
on the Lesser Antilles and have been implicated in at least 6 historical snake extirpations and at least
1 historical extinction in that region (Henderson 2004). Similarly, introduction of brown treesnakes
(Boiga irregularis) to the island nation of Guam has devastated the vertebrate fauna of that island,
including populations of several native lizards (Fritz and Rodda 1998). A final example demonstrates
that introduced predators need not be large vertebrates. Since their accidental introduction to Mobile,
Alabama, in the 1930s, imported red fire ants (Solenopsis invicta) have spread throughout much of
the southeastern United States (Wojcik et al. 2001). Mount (1981) expressed concern about the poten-
tial impacts of predation by S. invicta on vertebrates in the Southeast, noting observations of fire ant
predation on eggs and hatchlings of several reptile species. He also made anecdotal observations
of declines of many litter-dwelling snakes and lizards, and large terrestrial oviparous snakes in the
Alabama coastal plain in conjunction with S. invicta invasion. Although quantitative evidence of the
effects of S. invicfa on native reptiles has been slow to emerge, fire ants are documented predators
of turtle nests (Buhlmann and Coffman 2001) and have been implicated in the decline of southern
hognose snakes (Heterodon simus; Tuberville et al. 2000), eastern kingsnakes (Lampropeltis getula,
Wojcik et al. 2001, Winne et al. 2007), and Texas horned lizards (Phrynosoma cornutum; Goin 1992).
Importantly, the effects of S. invicta on reptiles may be exacerbated by habitat disturbance, possibly
leading to synergistic effects of habitat alteration and predation (Todd et al. 2008).

Introduction of exotic prey can also have profound effects on reptile populations. In some cases,
exotic prey may possess defenses (e.g., poisons, morphological defenses) to which native predators are
unaccustomed, resulting in direct mortality of reptiles that attempt to consume the exotics. For example,
exotic cane toads (Bufo marinus) possess potent parotoid secretions and have become abundant in many
areas of tropical Australia since their introduction in 1929 (Lampo and de Leo 1998). Covacevich and
Archer (1975) noted several instances of direct mortality of snakes and monitor lizards (Varanus spp.)
that attempted to ingest the toads. Other authors have observed declines of several snake and lizard
species following arrival of B. marinus (Phillips et al. 2003), as well as mortality of Australian fresh-
water crocodiles. Moreover, laboratory studies have shown that many Australian snake species are
sufficiently vulnerable to toad toxins to die after ingesting a single toad, prompting Phillips et al. (2003)
to suggest that the toads threaten as much as 30% of Australia’s terrestrial snake species. In other cases,
exotic prey may be palatable, but of poorer nutritional quality than native prey taxa. For example, exotic
Argentine ants (Linepithema humile) have been introduced worldwide (Suarez et al. 2001) and elimi-
nate nearly all native ground-dwelling ants when they invade new habitats (Suarez et al. 1998). Suarez
and Case (2002) demonstrated that Argentine ants represent an inferior prey resource for coastal horned
lizards (Phrynosoma coronatum), a species that has declined dramatically in California. They found
that hatchling P. coronatum fed a diet of introduced L. humile exhibited zero or negative growth, but
resumed normal growth when switched back to a diet of native ants.

Introduced exotic prey taxa may sometimes be beneficial to native reptiles. For example, round
gobies (Neogobius melanostomus) introduced into the Great Lakes region of North America have
become favored prey of the federally listed Lake Erie watersnake (Nerodia sipedon insularum),
resulting in increased growth and body sizes of snakes (King et al. 2006a). Introduction of gobies
has been implicated as a partial cause for the recovery of this snake in recent years (King et al.
20064a) to levels that warrant delisting under the US Endangered Species Act (King et al. 2006b).

Introduced species may also exert substantial indirect effects on native reptile populations through
competition for resources. For example, introduced geckos (Hemidactylus frenatus) compete with and
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have displaced native geckos (Lepidodactylus lugubris) throughout the tropical Pacific (Case et al.
1994). Likewise, competition with H. frenatus has caused declines and extirpations of several species
of night geckos (Nactus spp.) on the Mascarene Islands. Introduced slider turtles (Trachemys scripta)
compete with native European pond turtles (Emys orbicularis) for basking sites (Cadi and Joly 2003),
resulting in weight loss and reduced survival of E. orbicularis in experimental mixed populations
compared with controls (Cadi and Joly 2004). Importantly, in some cases, introduced species may gain
a competitive advantage because of release from their native pathogens or parasites (Reed 2005).

Another indirect means by which invasive species can affect native reptiles is through habitat
modification. The most obvious examples of this phenomenon occur in cases where invasive plant
species displace native vegetation, rendering habitat unsuitable for native species. For example, lush
growth of invasive annual plants in the Mojave Desert of the American Southwest negatively affects
desert tortoises (Gopherus agassizii), primarily through increased fire frequency (Brooks and Pike
2001). Likewise, habitats dominated by exotic rubber vine (Cryptostegia grandiflora) are avoided
by native Australian lizards (Valentine 2006).

Finally, introduced species may be important vectors for disease and parasites (see Section 3.2.6).
Uinlike other ways in which exotic species may affect reptiles, exotic species do not need to become
established in the wild to serve as disease vectors. In fact, release of a single infected individual,
or human contact with a wild reptile after handling an infected captive reptile, may be sufficient
io introduce a pathogen to native reptile populations. Reed (2005) cautioned that release of captive
hoas and pythons could be an important source of disease to native snakes such as the federally
threatened eastern indigo snake (Drymarchon couperi) or boid species native to the United States
(rubber boa, Charina bottae, and rosy boa, Lichanura trivirgata).

3.2.6  DISEASE AND PARASITISM

I"athogens and parasites have long been recognized as potentially important factors regulating natu-
ral populations (Anderson and May 1978; Dobson and Hudson 1986). Virtually every species hosts
i multitude of parasites and pathogens, some of which can cause dramatic population fluctuations
(¢.g., Hudson et al. 1998). However, when human activities alter rates of disease transmission or
reduce resistance of animals to disease, the results can be catastrophic (Daszak et al. 2000). For
cxample, outbreaks of pathogenic chytrid fungus (Batrachochytrium dendrobatidis) have devastated
amphibian populations worldwide (Daszak et al. 2003). Moreover, the spread of chytrid appears to
have been facilitated by global climate change (Pounds et al. 2006), introduction of exotic species
(Mazzoni et al. 2003), and direct spread by humans (Weldon et al. 2004).

Disease outbreaks have been implicated in declines of several reptile taxa and are apparently of
particular concern for turtles. For example, incidence of upper respiratory tract disease (URTD)
infections of gopher tortoises (G. polyphemus) and desert tortoises (G. agassizii) has increased in
recent years, and URTD has been implicated in declines of some populations (Dodd and Scigel
[991: Seigel et al. 2003). Upper respiratory tract disease may have been introduced into natural
populations through release of infected captive individuals (Dodd and Seigel 1991), and authors
have expressed concern that spread of this disease could be exacerbated through translocation of
infected animals for conservation purposes (Dodd and Seigel 1991). Disease outbreaks have been
noted in other protected turtles, such as the flattened musk turtle (Sternotherus depressus; Dodd
[U¥8: Fonnesbeck and Dodd 2003) and green sea turtle (Chelonia mydas; Chaloupka and Balazs
'0005); however, factors underlying these outbreaks are poorly understood.

1.2.7 CascapING DEcLINES

An additional consideration seldom explicitly addressed is how reptiles respond to declines in other
taxa (but see Irwin and Irwin 2005). Although ecologists have yet to form a consensus about the
iule of biodiversity in maintaining ecosystem function (Thompson and Starzomski 2007), loss of
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important species could result in subsequent extinction of previously unaffected taxa. Living in a
time when species extinctions are increasing at an alarming rate, we are probably only beginning to
see the long-term effects of extinctions that have already occurred.

An obvious concern regarding cascading declines is the possible response of reptiles Lo the recent
catastrophic declines of many amphibian populations. Many snake species are specialists that feed
exclusively on amphibians (Toledo et al. 2007); we might therefore expect that these species would
experience declines concomitant with those of amphibians. Whiles et al. (2006) reported the disap-
pearance of several common frog-eating riparian snakes soon after amphibian declines related to
chytridiomycosis in Panama. Similarly, in the Sierra Nevada Mountains of the American West, the
presence of mountain garter snakes (Thamnophis elegans) is strongly associated with the presence
of anurans (Matthews et al. 2002). Matthews et al. (2002) suggest that amphibian declines associated
with stocking of predatory trout may have a strong adverse effect on populations of T elegans.

Cascading declines may be most frequently associated with the disappearance of keystone spe-
cies, those species that play a role disproportionate to their abundance in maintaining commu-
nity composition and ecosystem function (Power et al. 1996). For example, the gopher tortoise
(G. polyphemus) is considered a keystone species (Eisenberg 1983) because its burrows provide
critical refugia for a variety of upland species in the southeastern United States. Gopher tortoises
have declined across their range (McCoy et al. 2006), and loss of tortoise burrows is considered a
serious threat to persistence of the federally threatened eastern indigo snake (Drymarchon coupert;
Stevenson et al. 2003) and eastern diamondback rattlesnake (Crotalus adamanteus; Timmerman
and Martin 2003), among other species. Although such cascading declines affect all species, rep-
tiles, which often have highly specialized food and habitat requirements, may be less able than more
generalist taxa to withstand sequential removal of individual species from ecosystems.

3.3 GLOBAL STATUS OF REPTILE POPULATIONS

As discussed previously, the status of many reptiles remains unknown and is the subject of ongoing
global assessment by the IUCN (Figure 3.1). Here, we describe the current perceived status of reptile
populations and provide overviews of reptile declines among turtles, crocodilians, lizards, and snakes.
Our reports on the current status of reptile populations represent our best understanding of the avail-
able scientific literature and current information from the 2008 TUCN Red List (IUCN 2009).

3.3.1 TeSTUDINES

A greater proportion of turtles are recognized as imperiled and in categories of conservation concern
than any other group of reptiles excluding the 2 tuatara species, Sphenodontia (Figure 3.1). Overall,
429 of turtle species included in the IUCN 2004 global assessment were classified as threatened
(including all TUCN categories of imperilment; Baillie et al. 2004). However, at that time only a
portion of all described species were evaluated. Consequently, the actual rate of imperilment of
evaluated species is closer to 62% (Baillie et al. 2004). Perhaps most alarming is that the TUCN
currently lists a total of 8 turtle species that have gone extinct in the wild in modern times (IUCN
2009). The Turtle Conservation Fund even compiled a list of 25 additional turtle species on “death
row,” that is, the most endangered species of tortoises and freshwater turtles in the world (Buhlmann
et al. 2002). Although not included in the list, all 7 species of sea turtles (families Cheloniidae and
Dermochelyidae) are considered imperiled. The taxonomic distribution of endangered species (criti-
cally endangered [CE] and endangered [EN]) includes species from each of the 11 families of fresh-
water turtles, the single family of tortoises, and both families of sea turtles (Baillie et al. 2004).
Turtles are long-lived (Gibbons 1987), and commercial harvesting of wild populations of most
species is not sustainable (Reed and Gibbons 2003). Nonetheless, turtles differ from other rep-
tile groups in that human consumption is the documented cause for the majority of declines on a
global scale (Buhlmann et al. 2002). Commercial harvesting in Southeast Asia is a major cause





































