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Abstract
Snake populations in the North American tallgrass prairie appear to be
declining, yet data unavailability impedes the development of enhanced ecological
understanding of snake species-habitat relationships and also hinders snake
conservation efforts. This study addresses both issues for the snakes of Illinois in two
steps.
In a two-year mark-recapture study at twenty-two sites within six northern
Illinois prairie preserves, I investigated snake species-habitat relationships using habitat
variables at three scales: microhabitat (< 100 m), landscape (1 – 10 km), and regional (>
10 km). A total of 120 snakes representing seven species was captured using drift fence
arrays associated with funnel traps and sheet metal cover. The low numbers and
diversity of snakes captured, when compared to historic evidence, indicate that Illinois
snake populations have declined.
At the microhabitat scale, non-metric multidimensional scaling and Mantel tests
revealed a relationship between snake species composition and elevation. At the
landscape-scale, snake species composition varied along an agricultural-urban cover
gradient. Classification and regression trees and maximum entropy models (Maxent)
were used to identify the scales at which snake species-habitat relationships were
strongest. Six of seven regression trees for individual snakes species contained habitat
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variables at the landscape scale. Important landscape characteristics included patch size,
isolation, and land cover, metrics that strongly covary with habitat loss. Microhabitat
features only appeared in the regression trees of two species and in three Maxent
models. This study indicates that habitat loss has shaped the current distribution of
snake species in Illinois’s remnant prairies and that snake conservation efforts should
emphasize the landscape-scale.
Finally, I developed a risk ranking system based on natural and life history
characteristics to assess the conservation status of Illinois’s 38 snake species. Cluster
analysis identified eight groups of snakes, similar in terms of risk factors, with high risk
species sharing characteristics such as large body size, long life span, limited habitat
breadth, and a high anthropogenic threat ranking. Here, I emphasize the need for basic
demographic studies on snakes and suggest that ranking systems be used with
population data (when available) and expert opinion to identify snake species of
conservation concern in other regions.
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1.

Introduction and Overview
This dissertation explores the multiscale habitat relationships of snake species in

the tallgrass prairie of Illinois and also quantifies the conservation status of Illinois
snakes by addressing two primary questions:
1. How are variations in snake composition and abundances related to habitat at
each of three scales (microhabitat, landscape, and regional)?
2. By what criteria can the conservation status of snake species be evaluated?
In this chapter, I present concepts and background information critical to
understanding the research presented in the following chapters. First, I examine the
theory underpinning our understanding of species-habitat relationships in highly
modified landscapes. Next, I explore the process of species loss in the context of
increasing habitat loss and fragmentation. This is followed by a discussion of the study
area, which emphasizes the ecological history of Illinois and its Grand Prairie natural
division. Then, I introduce the snakes of Illinois providing details on human-snake
interactions in the prairie and explore our general understanding of snake-habitat
relationships. This chapter concludes with expectations of snake species-habitat
relationships in Illinois’s prairie, a general delineation of the structure of the dissertation
and summaries of the data chapters that follow.
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1.1 The study of species-habitat relationships in highly modified
landscapes
Studies of species-habitat relationships have been a central theme in animal
population ecology (Morrison et al., 1992), and they have proven critical to effective
conservation planning (Rushton et al, 2004; Guisan and Thuiller, 2005). Habitat not only
influences the distribution of species, but also affects species’ survival and long-term
viability (Morrison et al., 1992; Block and Brennan, 1993, Lindenmayer and Fischer,
2006). As the natural habitat of many species continues to disappear, it is increasingly
necessary to identify important species-habitat relationships to inform conservation
efforts and ensure species persistence.
Three bodies of knowledge inform our understanding of the effects of habitat
loss on species distributions: the equilibrium theory of island biogeography,
metapopulation theory, and percolation theory. Considered together, these three
theories provide a comprehensive framework of the processes driving patterns of
species richness and abundance in human modified landscapes.
The Equilibrium Theory of Island Biogeography. – MacArthur and Wilson’s (1967)
original presentation of the theory of island biogeography, born from a desire to explain
disparate species-area curves, immediately equated island dynamics with fragmented
landscapes (e.g., Burgess and Sharpe, 1981). The theory offered a single mechanism to
explain patterns of diversity: the balance between colonization and extinction. In this,
colonization rates are modified by the distance of islands from the mainland and
2

extinction rates are controlled by the area of an island. While island biogeography can be
useful to the study of habitat fragmentation, some of its assumptions are not applicable
to fragmented landscapes. For example, the matrix of fragmented landscapes is not
always inhospitable like the ocean isolating island habitats. Also, fragmented landscapes
do not always have a clearly identifiable mainland or single source of colonizers. The
limited applicability of the theory of island biogeography is further supported by
empirical research. Opdam et al. (1985) showed that the island biogeography model only
explained the occurrence of a limited number of species in fragmented landscapes (e.g.,
mature forest birds) and failed to account for other patterns of richness.
Metapopulation Theory. – Metapopulation theory has also been used to explore the
relationship between species persistence and habitat fragmentation. The driving forces
of metapopulation theory, as in the theory of island biogeography, are extinction and
colonization. However, the original metapopulation framework explored the dynamics
controlling the occurrence of one focal species, rather than multiple species, within a
number of habitat patches (e.g., Levins, 1969). Over time, metapopulation theory
evolved to account for variations in habitat quality among patches, and thus, the
differential demography among populations. Pulliam’s (1988) classic paper defined
source and sink patches. Sources were characterized by higher birth rates than death
rates, and higher emigration than immigration, while sinks had higher mortality than
birth and greater immigration than emigration. Although island biogeogeography
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theory and particular cases of metapopulation theory (e.g., mainland-island; Harrison,
1991) are quite similar, metapopulation theory invokes species-specific traits to explain
patterns of occurrence and reflects a richer dynamic of extinction and recolonization
among populations.
Percolation Theory. – The third body of work informing this discussion is
percolation theory, which describes the physical template underpinning both island
biogeography and metapopulation theory. Percolation theory defines the relationships
among the proportion of habitat remaining (p) in a landscape and the size, isolation, and
number of habitat patches. A critical concept of percolation theory is the spanning
cluster, a patch that spans a defined study area. In randomly generated landscapes, the
spanning cluster disintegrates at a threshold of p = 0.59 (Gustafson and Parker, 1992).
Andrén (1994) also created maps with decreasing proportions of remaining habitat, and
found that after reaching a threshold of p = 0.60, both maximum patch size and mean
patch size decrease. Below p = 0.20, the distance between habitat patches increased
exponentially (Andrén, 1994). A primary conclusion drawn from the body of work in
percolation theory is that thresholds of habitat loss exist after which major changes in
the size and isolation of patches are expected (Gardner and Urban, 2007), with the
implication being that these changes in landscape configuration will correspond with
changes in species distributions.
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By overlaying the theories of island biogeography and metapopulations onto a
physical template defined by percolation theory, we can now explore the processes
governing species distributions and persistence, as well as identify how those processes
vary among landscapes with different degrees of habitat loss (Figure 1.1). In a landscape
devoid of anthropogenic modification, one would expect species to be distributed
unevenly across the landscape. This uneven distribution of species and individuals is
produced by environmental gradients (Austin and Smith, 1989), broad- and fine-scale
habitat heterogeneity (MacArthur and MacArthur, 1961; Tramer, 1969), stochastic
processes (e.g., disease, disturbance, localized drought) (May, 1973; Tilman and El
Haddi, 1992), and competition and predator-prey dynamics (Pearson, 1986). These
processes continue to operate as habitat loss progresses, with additional dynamics,
based on the configuration of the landscape, joining in to shape species distributions.
At the first stages of habitat loss (e.g., where 0.60 < p < 1.0), the most vulnerable
species disappear from the system. Species particularly vulnerable to extinction, in both
the fossil record and recent history, are naturally rare, have limited distributions, and
rely on limited resources (e.g., food or niche specialists) (McKinney, 1997). At this
moderate level of habitat loss, one very large habitat patch (mainland) and a network of
smaller patches (islands) may remain in the landscape (Franklin and Forman, 1987;
Gardner et al., 1987; Andrén, 1994) invoking the equilibrium theory of island
biogeography (for multiple species) and mainland-island metapopulation theory (for
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Figure 1.1: Depiction of the processes that govern species distributions in landscapes
with decreasing original habitat, where the gray hatching indicates that the process is
active and white indicates that the process is inactive. Arrows represent landcover
thresholds based on random landscapes from percolation theory: below 60% original
habitat remaining in the landscape, spanning patches deteriorate, and below 20%
original habitat remaining, patch isolation increases exponentially.
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single species). In the early stages of habitat loss, recolonization from the mainland
staves off permanent extinction from the smaller patches (Harrison, 1991; for the multispecies case see MacArthur and Wilson, 1967).
As habitat loss intensifies, and the “mainland” disappears (i.e., at some
threshold, p = 0.60 in random landscapes), island biogeography and the mainland-island
model no longer accurately describe the processes of colonization and extinction.
Instead, classical metapopulations provide a more complex model of local extinction
processes (Andrén, 1994). However, the outcome of metacommunity dynamics is still
influenced by microhabitat, disturbance, competition and predator-prey relationships
(Caswell and Cohen, 1991; Hanski, 1999).
At another threshold of habitat loss (e.g., p = 0.20; Andrén, 1994), habitat patches
are so isolated that colonization can no longer compensate for local extinctions (Hanski,
1999). Observed relict species, at any given time thereafter, are remnants of faunal
relaxation, as implied by MacArthur and Wilson’s (1967) island theory model when
colonization is removed, and generally follow a consistent pattern of species loss
(Brown, 1971; Terborgh and Winter, 1980; Cutler, 1991). For example, large predators
tend to disappear from small patches first (e.g., Terborgh et al., 2001), consistent with the
inverse relationship between extinction and population size (Diamond, 2001). Thus, as
habitat loss becomes severe, the presence of an individual species in a given isolated
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remnant patch is likely largely determined by the history of that patch, local habitat
quality, environmental and demographic stochasticity, competition, and predator-prey
dynamics.
The foundation of this discussion on species distributions is the physical
template or habitat – habitat heterogeneity, habitat quality, and habitat quantity. Without
habitat, i.e., without resources allowing for species persistence, the dynamics of
competition and predator-prey relationships cannot proceed. In order to ensure species
persistence, we must understand their relationships to habitat, first and foremost.
Initial studies of species-habitat relationships emphasized one scale, primarily
the microhabitat scale (e.g., MacArthur and MacArthur, 1961; Hebrard and Mushinsky,
1978) and later, the landscape scale (e.g., Bierregard and Lovejoy, 1989; Newmark, 1991;
Canaday, 1996; Luiselli and Capizzi, 1996). By the late 1980s, ecologists recognized
variations in species-habitat relationships at different scales and began to emphasize the
value of multiscale studies (Morris, 1987; Wiens et al., 1987; Wiens, 1989).
It is important to recognize that these different scales of species-habitat
relationships do not operate independently. Urban et al. (1987) proposed that smaller
scale units of ecological phenomena interact to generate patterns at larger scales and that
large scale patterns control those at smaller scales. Specifically considering specieshabitat relationships, Pearson et al. (2004) noted that different spatial patterns are
observed at different scales, often hierarchically. For example, Cushman and McGarigal
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(2002) used a multiscale approach to partition out the contribution of different scales,
and the relationships among those scales, to variations in forest bird communities in
Oregon. They found that plot, patch, and landscape-level variables all contributed to the
variance in bird communities, but that patch and landscape-level factors were heavily
influenced by plot-level variables. This example highlights the importance of
considering different scales of species-habitat relationships together, and is further
supported by additional literature (e.g., Heikkinen et al. 2004; Lawler and Edwards,
2006).
The potential impact that our understanding of multiscale species-habitat
relationships and the effects of habitat loss on species persistence could have on
conservation largely motivated the current study. Here, I primarily investigate
multiscale snake species-habitat relationships in remnants of Illinois’s tallgrass prairie to
inform and promote snake conservation in the region. A study of snakes in Illinois’s
tallgrass prairie is particularly compelling because snake populations in this region
appear to be declining (see section 1.3), but the cause of this decline has yet to be
determined. Moreover, the unique biology of snakes may make them particularly
sensitive to fragmentation, especially in one of the most altered landscapes in the United
States.
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1.2 Study Area
The prairie of North America once covered nearly 3.6 million km2 (890 million
acres) of the central United States (Robertson et al., 1997) (Figure 1.2). The eastern extent
of tallgrass prairie, known as the prairie peninsula, stretched across Iowa, Illinois, and
Indiana into the deciduous forest ecosystem (Transeau, 1935). The eastern tallgrass
prairie ecoregion is now considered critically endangered (Noss et al., 1995), with less
than 0.1% remaining (Samson and Knopf, 1994).

1.2.1 A brief history of Illinois prairie
“I returned to [Illinois] several summers during the [18]90’s, but the
prairie as such had disappeared, and of course, its characteristic life with
it. What a pity that some of it could not have been preserved, so that
those born later might enjoy its beauty also.” – Albert W. Herre, 1940

Illinois was once covered by nearly 9 million hectares (22 million acres) of
grasslands dubbed “prairie” by 17th century French explorers. Prior to European
settlement, the prairie of Illinois was occupied by the Illinois Indians, or Illini. The Illini
maintained prairie habitat with frequent fires used to herd game animals. After French
exploration and settlement, other tribes, including the Potowatomi, Kickapoo,
Mascouten, Sauk and Fox, continued to use fire rings to hunt game (McClain, 1997, but
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Figure 1.2: The original extent of the North American tallgrass prairie (modified from
Robertson et al., 1997).
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see Stannard, 1984). By the early 1800s, European-Americans began to settle Illinois
extensively.
In 1818, Illinois became the 21st U.S. state with a population of nearly 50,000. At
this time Illinois’s fertile prairie was largely untouched, since the plows of the settlers
could not cut through the thick prairie sod. However, John Deere’s 1837 invention of the
self-scouring, steel-blade plow rapidly changed the face of Illinois. By 1900, most of the
Illinois prairie had disappeared (McClain, 1997), and today less than 0.01% remains
(Anderson, 1991).
Although most of Illinois’s prairie had been converted to agriculture by the end
of the 19th century (O’Conner et al., 2001), prairie loss was mitigated to some extent by
the creation of secondary grasslands, including hayfields and pastures (Herkert, 1991).
After World War II, changing technologies and government incentives encouraged
intensive agriculture (Warner, 1994), including increases in mechanical and chemical
disturbances to agricultural lands, as well as the loss of secondary grasslands to row
crops (Warner, 1991). Between 1906 and 1987, pasture land in Illinois declined from 2.5
million to 607,000 ha (Herkert, 1991). From 1960 to 1989, hay lands declined from 850,000
to 400,000 ha (Herkert, 1991). In northern Illinois’s Grand Prairie counties (Figure 1.3),
acreage in hay declined from 51-100% between 1957 and 1987 (Warner, 1994). It is
impossible to assess how these changes affected most of Illinois’s grassland fauna, but
between 1967 and 1989 the United States Fish and Wildlife service in Illinois recorded
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Figure 1.3: The natural divisions of Illinois depicting the Grand Prairie. Map layers
courtesy of the Illinois Natural History Survey.
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an average population decline of 26.7% for Illinois’s prairie birds; this decline is thought
to be due to the continued loss of Illinois’s grassland habitats (Herkert, 1991).
O’Connor et al. (1991) reported increased population growth and urban
development concurrent with agricultural expansion in Illinois. Between 1960 and 1990,
the population in Illinois’s seven metropolitan areas increased from 7 to 48%. During the
same time period, urban expansion -- in terms of land area – ranged from 49 to 159%.
Population growth, increased road densities (Figure 1.4), and the expansion of the
Chicago metropolitan area have likely increased the functional isolation of remaining
grassland habitats in northern Illinois (Figures 1.5 -1.7); these effects have yet to be fully
documented.

1.3 Study Organisms
1.3.1 The Snakes of Illinois and Illinois’s Prairie
Illinois contains 38 snake species representing 23 different genera and five families.
These families include the so-called harmless egg-laying snakes (Colubridae, 13 species),
pitvipers (Crotalidae, 4 species), slender rear-fanged snakes (Dipsadidae, 2 species),
harmless live-bearing snakes (Natricidae, 16 species), and robust rear-fanged snakes
(Xenodontidae, 3 species). Of these 38 species, 21 historically occurred in the Grand
Prairie natural division. Prior to 1960, fifteen documented snake species occurred
specifically in the prairie and wet prairie habitats within the four counties (Grundy, Lee,

14

A)

b

b
d

d

a
c

a
c

B)

b

b
d

d

a
c

a
c

Figure 1.4: A) Housing density in number of unit per mile in 1980 (left) and 2000
(right) in northern Illinois counties; B) road density in number of miles per square
mile in 1980 and 2000, where a = Grundy County, b = Lee County, c = Livingston
County, and d = Will County (modified from NCRS, 2007).
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Figure 1.5: Land-use and cover map of northern Illinois (INHS, 2003) with select cities,
where dark red = urban cover, tan = agricultural cover, dark blue = water, dark green =
forest, and yellow-green = grasslands.
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Figure 1.6: Map depicting the connectivity of northern Illinois’s grasslands for snake
species based on a cost-surface where natural habitats (e.g., grasslands, forests,
wetlands) were easier to traverse than agricultural and urban areas. Patches of the
same color are connected.
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Figure 1.7: Map depicting the connectivity of northern Illinois’s grasslands (in green)
with grassland patches overlain in brown for snake species based on a cost-surface
where natural habitats (e.g., grasslands, forests, wetlands) were easier to traverse than
agricultural and urban areas.
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Livingston, and Will) containing study sites (Table 1.1; Smith, 1961; Field Museum, 2001;
INHS, 2003). Of these fifteen species, two are currently listed as threatened in Illinois
(Clonophis kirtlandii and Heterodon nasicus) and one is state threatened (Sistrurus catenatus
catenatus). The eastern massasauga (S. c. catenatus) is also listed as a candidate species
under the Federal Endangered Species Act. Detailed descriptions of the ophidians of
interest in this study, including the date and location of their original species or
subspecies descriptions, current range, and habitat description are located in Appendix
2. Data regarding the range overlap of snake species within the historical tallgrass
prairie were calculated, by the author, by digitizing range maps provided by the
publishers of the Conant and Collins (1991) field guide and overlaying Robertson et al.’s
(1997) figure of the tallgrass prairie using GIS. These range maps are found in the
Appendix 3.
Historic records of snake species populations in Illinois are scarce. Yet, anecdotal
evidence suggests that snakes were quite abundant in Illinois prior to European
settlement. This evidence also suggests that snake-human interactions may have
precipitated population declines:

“Eels are not known, but snakes are, to the extent to supply all
deficiencies. It is an excellent precaution, when going to bed in the dark,
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Snake
Species
Clonophis kirtlandii
Coluber constrictor
Elaphe vulpina
Heterodon nasicus
Heterodon platyrhinos
Liochlorophis vernalis
Pituophis catenifer
Regina grahamii
Regina septemvittata
Sistrurus catenatus
Storeria dekayi
Storeria occipitomaculata
Thamnophis proximus
Thamnophis radix
Thamnophis sirtalis
x
x

x
x
x
x
x
x
x

Pre-1960
x
x
x

x
x
x
x
x
x
x

x
x
x

x
x

x
x
x
x
x
x
x
x

Will County
Post-1960 Smith (1961)
x
x
x
x
x
x

x

x
x

Pre-1960

x

x
x

x
x

x
x
x
x
x

x
x

Grundy County
Post-1960 Smith (1961)

x

x

x

x

Pre-1960

x
x

x
x
x
x
x
x

Livingston County
Post-1960 Smith (1961)
x
x
x
x

x

x

x

Pre-1960

x

x

x

x
x
x

x
x
x
x
x
x
x
x
x

Lee County
Post-1960 Smith (1961)

Table 1.1: Snake species found in four Illinois counties prior to 1960 (from INHS and Field Museum records),
after 1960, and species documented in Smith (1961).

to take the bedclothes off and shake the snakes out of them before getting
in yourself” -- M. F. Lawson, 1841, Lake County, IL.

“The snakes are awfully thick. At first they annoyed me considerably, but
now I care little for them. A stroke with a switch or whip breaks their
joints and disables them and then it is the custom of the country to put
the foot on their heads, catch hold of their tails and pull their heads off.”
-- W. S. Pearse, 1847, DuPage County, IL.

“Wherever the hog comes, the rattlesnake disappears; the omnivorous
traveller, safe in its stupidity, willingly and easily makes a meal of the
most dangerous of reptiles, and one whom the Indian looks on with a
mystic awe.” -- S. M. Fuller, 1843, Kane Co., IL

“A few farm boys would get together and kill four or five hundred
snakes of all kinds in one drive, and they were big fat fellows too.”
-- H. Eenigenburg, 1860s, Cook Co., IL

In addition to being killed out of fear and sport by humans, or consumed by
domesticated animals, records indicate that Illinois’s snakes were also killed by
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equipment that plowed under most of Illinois’s prairie habitat and were collected by the
hundreds for zoos and reptile enthusiasts (Cagle, 1942; Greenberg, 2002). Cagle (1942)
further illustrates the point, referencing snake dens in Illinois found along the
Mississippi River:

“For several years these dens provided an abundant supply of snakes for
the St. Louis Zoological Gardens. [The former curator] states in
correspondence that during the years 1928-29-30 these dens were alive
with snakes and that the collectors took many hundreds. During the past
few years the activities of cattle and hogs and the regular shooting of
snakes by hunters has greatly depleted the population and a day’s
collection should be now considered successful if 15 to 20 snakes are
taken.”

The current status of Illinois’s snake populations is largely unknown. Moreover,
information on their basic habitat requirements is lacking (Dodd, 1993) thus hindering
conservation efforts and motivating this dissertation.

1.3.2 Snakes and Habitat
In what habitat conditions do snake populations thrive? Which combination of
habitat characteristics results in the greatest snake species diversity? Do most snakes in a
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particular ecosystem have the same habitat requirements? The answers to these basic
questions of snake ecology are not known. However, knowledge of snakes’ unique
biology can provide insight into which habitat characteristics may influence snakespecies distributions. Below, I describe what we do know about snakes and habitat at
multiple scales: microhabitat, landscape, and regional.
Snakes and Microhabitat.-The selection of microhabitat sites by snakes is
inextricably linked to their need to thermoregulate (Reinhert, 1993; Peterson et al., 1993).
Snakes are ectothermic, meaning their internal body temperature depends on ambient
temperature. Physiologically, the hypothalamic temperature of reptiles controls
behavioral regulation of temperature, for example if hypothalamic temperature decreases
below a certain set-point, reptiles will move to warmer locations (e.g., upon rocks),
darken their skin, or adapt in some other way (Pough et al., 1998).
Body temperature variation fundamentally influences ophidian development,
behavior, immediate survival, growth, reproduction, metabolism, digestion, immune
system, prey capture, and defensive behavior (Peterson et al., 1993). For example,
Stevenson et al. (1985) found that the crawling speed of Thamnophis elegans was
dependent on temperature, with individuals crawling most rapidly at 34.5°C. Habitat
features affect a snake’s ability to thermoregulate. Huey et al. (1989) provides a striking
example, finding that garter snakes in California needed appropriately sized debris (e.g.,
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logs and rocks) and burrows to maintain safe body temperatures, while the use of
shallow burrows and thin rocks resulted in death from overheating.
Microhabitat features such as rocks, logs, and burrows not only provide snakes
with thermoregulatory habitat, but also offer refugia from fire and predators. According
to Rodriguez-Robles (2003), gopher snakes (Pituophis catenifer) use holes as protection
while shedding (as snakes are particularly vulnerable to predation at that time).
Moreover, Smith et al. (2001) observed that increases in prescribed burning in northern
Mexico resulted in a change of behavior for montane rattlesnakes (Crotalus willardi
obscurus); using radio-telemetry it was found that these snakes spent more time in
burrows. Louisiana pine snakes (Pituophis melanoleucus ruthveni) have also been noted to
use burrows to avoid fire (Rudolph et al., 1998).
Microhabitat features also affect snake reproduction. For example, there is some
indication that gravid and non-gravid female snakes have different habitat
requirements. Charland and Gregory (1995) found that gravid females of Thamnophis
sirtalis and T. elegans remained in rare rocky areas, whereas non-gravid females used a
variety of habitats but preferred areas with high amounts of overhead cover. Charland
and Gregory (1995) also concluded that these habitat choices were influenced by
predator avoidance, but that gravid females likely had an additional thermoregulation
requirement, and selected sites to balance both needs. Oviparous snakes also use rocks,
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logs, and burrows to deposit eggs. For instance, Fitch (1975) found that ringneck snakes
(Diadophis punctatus) in Kansas used rocky limestone areas for nesting.
Most snake species in temperate regions hibernate over the winter, and
microhabitat features often define suitable hibernacula. In nothern Illinois, the eastern
massasauga rattlesnake (S. catenatus), Kirtland’s snake (Clonophis kirtlandii) and queen
snake (Regina semptemvittata) use crayfish and mammal burrows to over-winter (Roe et
al., 2003; Harding, 1997). The northern water snake (Nerodia sipedon) uses burrows, rock
crevices, and overbank root systems to hibernate (Harding, 1997). Many garter snakes
(Thamnophis spp.) use a wide variety of hibernacula sites, including burrows, rock
outcroppings, anthills, and a variety of anthropogenic sites (e.g., foundations, postholes,
wells, junk piles) (Harding, 1997).
Snakes and Landscape-Scale Habitat.- Very few studies evaluate landscape-scale
snake species-habitat relationships. Only three studies explicitly evaluate the area
sensitivity of snakes or the effects of habitat fragmentation on snake species richness.
Hager (1997) examined the disappearance of reptile and amphibian species from three
island archipelagos in the Great Lakes, finding the ringneck snake (Diadophis punctatus
edwarsii) to be particularly area-sensitive and the northern water snake (Nerodia sipedon
sipedon) to be particularly robust to area loss. MacNally and Brown (2001) also found a
degree of species nesting, where species present in smaller fragments were a subset of
those found in larger fragments, in the box-ironbark forest of Australia. Luiselli and
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Capizzi (1997) were the only authors to evaluate the association between commonly
used fragmentation metrics (e.g., distance to nearest patch) and the relative abundance
of snakes. They found that isolation factors, such as fence-rows and linear distance to the
closest forest fragment, most significantly affected the relative abundance of local snake
populations, whereas vegetation parameters had comparably less impact.
Additional components of human modification of the landscape may also affect
snake populations. Rosen and Lowe (1994) have documented road mortality as a severe
problem for snakes, estimating that “tens or hundreds of millions of snakes have been
killed by automobiles” in the United States alone. Other studies support their findings
(e.g., Bonnet et al., 1999; Andrews and Gibbons, 2005) and suggest that large bodied
snakes may be particularly vulnerable to road mortality (Rudolph et al., 1999; Enge and
Wood, 2002). An association also exists between snake mortality and agricultural
landscapes. Whitaker and Shine (2000) found that attacks by humans and feral cats in an
Australian agricultural landscape resulted in high snake mortality (14% of tracked
snakes were killed). Less well-documented are the effects that some invasive species
may have on snake survival. For example, Munger et al. (1999) found that dense
cheatgrass inhibited the movement of reptiles, which could make predator avoidance
and thermoregulation very difficult for snakes. Finally, two studies indicate that human
modification of the landscape may result in considerable losses in snake genetic
diversity (e.g., Ujvari et al., 2002; Prior et al., 1997).
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Snakes and Regional-Scale Habitat.- A glance at the biogeographic distributions of
snake species in the United States suggests that large scale features of habitat influence
patterns of snake richness and abundance. Particularly, the limited distribution of
snakes in cooler climates suggests that “low temperatures may exclude ectotherms from
high latitudes and altitudes” (Doughty, 1994). However, few studies have investigated
the effects of regional or mesoscale habitat features (e.g., precipitation, minimum and
maximum temperature) on the distributions of snake species.
Owen (1989) evaluated the relationships among snake species richness and
climate in Texas, finding that mean annual precipitation was positively associated with
snake species richness, while the deviation in mean January temperatures was
negatively associated with richness. Mean temperature maximums and minimums were
not included in this analysis. Guisan and Hofer (2003) modeled the distributions of nine
snake species in Switzerland using climate variables. Average July temperature and
annual precipitation accounted for 0 to 48.3% and 0 to 16.7% of the deviance in snake
distributions, respectively. Regional and climatic relationships with the distributions of
snakes in grassland habitats have not been investigated on any continent.

1.4 Habitat and the Snakes of Illinois’s Prairies
Thus far, we have examined the theoretical relationship between species
distributions and habitat loss, the history of habitat loss and human modification of the
prairie in Illinois, the effects of human interactions on snakes in Illinois’s prairie, and the
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general known relationships among habitat (at multiple scales) and snake species
distributions. If we amalgamate these four distinct bodies of information, preliminary
hypotheses regarding snake species-habitat relationships in the prairies of Illinois
emerge.
First, our understanding of the relationship between habitat loss at the
landscape-scale and species distributions suggests that the extent of prairie loss in
Illinois is so severe that remnant prairies would likely function as isolated habitat
islands for many snake species. In initial investigations of snake fauna in Illinois
remnants we would expect that:
1. many snake species have gone extinct, as most prairie remnants have
been isolated from other prairie habitat for nearly 50 years;
2. some remaining snake species are isolated from other populations of their
conspecifics, and are at high risk of stochastic extinction, thus being
patchily distributed in habitat remnants;
3. some remaining snake species do not recognize prairie as the boundary of
their habitat (i.e., habitat generalists), and may not be isolated from other
populations of conspecifics because they are able to disperse through
matrix habitat that would be harmful to other species, thus being widely
distributed in habitat remnants.

28

Second, our knowledge of general snake-habitat relationships, at multiple scales,
suggests that landscape-scale habitat patterns should not be the only factors influencing
snake distributions in Illinois’s tallgrass prairie. We would also expect distributions to
be influenced by microhabitat. Important microhabitat features would include those
most closely related to snake thermoregulation (e.g., rock, log, and burrow density) and
predator avoidance (e.g., elevation and vegetation density may influence hawk
predation rates). At broader scales, the literature suggests that precipitation and
especially temperature should influence the distribution of snake species.
Overlaying this hypothetical framework of snake species distributions in
Illinois’s tallgrass prairie, we know a priori that snake populations are declining and that
their species-habitat relationships must be considered in the context of conservation.
Our knowledge of natural extinctions suggests that species-specific characteristics, such
as natural rarity and low fecundity, would confer higher extinction risk to snake species.
We also know that large-bodied snake species are at higher risk of road mortality and
that the eggs of oviparous snake species are at risk from agricultural equipment and
mesopredators. Therefore, we would expect that narrowly distributed, large-bodied,
oviparous snake species with low fecundity would be at the highest risk of extinction in
this system.
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1.5 Chapter summaries
In the following chapters I evaluate the hypotheses presented above by exploring
multiscale snake species-habitat relationships in the Grand Prairie of Illinois and
quantifying the conservation status of Illinois snakes. Three chapters attend to the
former (Figure 1.8), while the latter is addressed in chapter five.
Chapters two through four examine snake species-habitat relationships using
snake capture data collected from 22 sites in the Grand Prairie in conjunction with
environmental data at three scales, microhabitat (< 1 km), landscape (1 – 10 km) and
regional (> 10 km). Specifically, chapter two explores the relationship between habitat
features at the microhabitat scale and snake species distributions in the Grand Prairie.
Here, I identify compositional groups of snakes, and determine if these groups differ in
their associations with microhabitat features. I also investigate the relationships among
microhabitat and snake occurrence and abundance for individual snake species.
Chapter three investigates landscape-scale snake-habitat relationships in the
tallgrass prairie of Illinois and places it within the larger context of temperate
grasslands. I first demonstrate the decline of snake species in Illinois’s prairie habitats
using anecdotal evidence and Illinois natural history survey records. Then, I quantify
the relationship among different compositional groups of snakes and landscape-level
features. I also investigate the relationships among landscape-level habitat features and
snake occurrence and abundance for individual snake species. To conclude, I suggest
30

Figure 1.8: Depiction of the structure and relationship among chapters two to four.
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that similar patterns of habitat loss in temperate grasslands in the Great Plains of the
United States, the Eurasian steppes, and the South American pampas may threaten
grassland snakes species overall, and I emphasize the need for further research into the
landscape-level snake-habitat relationships in temperate grasslands worldwide.
Chapter four explicitly addresses the role of interactions among habitat variables
at three different scales (microhabitat, landscape, and regional) in modeling the species
distributions of seven Grand Prairie snakes. In this, I use modeling techniques, including
maximum entropy modeling and classification and regression trees, to discern the
underlying processes that manifest as spatial patterns in snake species distributions, as
well as non-linear snake-habitat relationships and interactions among variables at
different spatial scales.
Chapter five addresses the question of how conservation status can be quantified
for Illinois snakes with limited demographic data. Here I quantify the natural and life
history characteristics of Illinois’s 38 snake species to develop a rating of the risk of
population decline or extinction for each species. I also identify trends in risk factors and
suggest that the Illinois Endangered and Threatened Species Board use a similar rating
system when re-evaluating the conservation status of Illinois’s snakes in 2009.
To conclude the dissertation, I discuss dominant patterns in snake species-habitat
relationships in Illinois’s prairie, and suggest ways to improve the ecological value of
species-habitat models in general terms.
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2. Patterns of microhabitat occupancy among
selected snakes of the North American tallgrass prairie
2.1 Introduction
Evidence suggests that snake populations have declined during the last century
in the American Midwest (Busby and Parmelee, 1996; Brodman et al., 2002; Cagle, this
volume). Yet, basic information regarding snake-habitat relationships is lacking (Dodd,
1993; Reinhert, 1993). Understanding species-habitat relationships is fundamental to
effective conservation planning and management (Rushton et al., 2004; Guisan and
Thuiller, 2005) and current data unavailability hinders snake conservation (Dodd, 1993).
Additionally, the results of basic habitat studies provide a springboard for a
more sophisticated understanding of study organisms, the development of hypothesisdriven experiments and advances in ecological theory. For example, in the early 1960s
MacArthur and MacArthur (1961) began investigating habitat correlates with bird
species diversity. Their work was followed by investigations of guild structure and
habitat (Willson, 1974), as well as the effects of habitat fragmentation on avifaunal
communities (Bierregaard and Lovejoy, 1989; Newmark, 1991; Canaday, 1996).
Significantly, these studies also illuminated the importance of multiple scales of
observation in species-habitat investigations (see Wiens et al., 1987; Wiens, 1989).
In the midwestern United States, only a few studies have evaluated the
relationships between habitat and the occurrence of specific snake species (e.g., Sistrurus
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catenatus catenatus, Thamnophis spp.) at the microhabitat scale and none investigate snake
species composition in terms of microhabitat. In response to declining snake
populations in the Midwest, the importance of multiscale habitat studies and the dearth
of snake-microhabitat research, I completed a mark-recapture study of snakes in
northern Illinois using a multivariate approach that explicitly considers relationships
among habitat features at both landscape and regional scales. I asked the following
questions about snake species composition and snake-microhabitat relationships:
1. Are snake species distributed individualistically or as distinguishable assemblages
in relation to microhabitat features? Here, an assemblage is defined as groups of
species found in similar abundances at the study sites.
2. Which microhabitat variables are associated with differences in snake species
composition?
3. How do relationships among microhabitat and snake occurrence or abundance
differ among individual species?

2.2 Methods
2.2.1 Study Area
Prior to European settlement, the North American prairie covered almost 360
million hectares (Robertson et al., 1997). The prairie formed an irregular triangle across
the Midwest, the base, or western edge, of which stretched south from Saskatchewan to
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Texas (Robertson et al., 1997). The apex of the triangle, known as the “prairie peninsula”,
is an eastward projection of tallgrass prairie extending across Iowa, Illinois and Indiana
(Transeau, 1935).
This study was conducted within the Illinois portion of the tallgrass prairie
peninsula and was approximately contained within Illinois’s Grand Prairie natural
division – a geographic region with similar soil, topography and biota (Schwegman,
1973). Demarcated by the farthest advance of the last glacial ice sheet to enter the state
(McClain, 1997), this division was formerly dominated by black soil prairie. Historically,
these prairies depended on periodic fire and grazing (Robertson et al., 1997), with
disturbances, such as bison wallows and mammal burrows, increasing plant species
richness and heterogeneity (Matlack et al., 2001; Gibson, 1989).
Twenty-two study sites were located in six preserves (the number of sites in each
preserve is noted parenthetically): Midewin National Tallgrass Prairie (6), Grant Creek
Prairie Preserve (2), Goose Lake Prairie (4), Sunbury Railroad Prairie Nature Preserve
(1), Green River State Wildlife Area (5) and the Nature Conservancy’s Nachusa
Grasslands (4). Midewin National Tallgrass Prairie is the first national tallgrass prairie
in the United States, with 16,000 ha of diverse habitat including agriculture fields, rangeland, mesic to wet prairie and forest (Adelman and Schwartz, 2001) and nearly 200 ha of
disturbed high quality prairie (Greenberg, 2002). Grant Creek Prairie Nature Preserve is
a 31.5 ha mesic and wet prairie (Adelman and Schwartz, 2001) located along U.S.
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Highway 55, a major interstate. Both Midewin National Tallgrass Prairie and Grant
Creek Nature Preserve are located in Will County. Goose Lake Prairie, in nearby Grundy
County, is the largest remnant prairie east of the Mississippi River (Greenberg, 2002),
containing over 600 ha of dry-mesic, wet-mesic and wet prairie, as well as prairie
potholes (Adelman and Schwartz, 2001). Sunbury Railroad Prairie Nature Preserve is the
southern-most preserve in this study, located in Livingston County. It is 1.6 km in length
and not quite 100 m wide, with its 5 ha of diverse flora (including Sylphium spp.,
Gentiana and Liatris) nearly surrounded by agricultural lands (pers. obs). Both Green
River State Wildlife Area and Nachusa Grasslands are located in Lee County, the
westernmost county containing study sites. Green River State Wildlife Area is a 1038-ha
wildlife management area, with habitats including prairie restorations, open fields and
timberlands along with swampy sloughs and sand prairie (Adelman and Schwartz,
2001). Nachusa Grasslands is home to nearly 400 ha of tallgrass prairie (Adelman and
Schwartz, 2001) and is further characterized by rocky bluffs (pers. obs).

2.2.2 Snake Capture
At each site, snakes were captured using one drift fence array associated with doubleended funnel traps and tented sheet metal (Enge, 2001; Ryan et al., 2002). Drift fence
arrays, constructed from 1.2 m wide silt-fence material and wood stakes, were threepronged, with prongs measuring 5 m in length. Six funnel traps and three sheet-metal
cover objects were associated with each drift-fence (Figure 2.1). The funnel traps were
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constructed out of ¾ inch (1.9 cm) plywood and aluminum screen; the internal
dimensions of each trap were 60 x 20.5 x 17 cm and funnel openings were 5 cm in
diameter. These dimensions ensured that even the largest species previously found
within the study area, Pituophis catenifer sayi, could be captured. The sheet metal cover
objects measured 74 x 58 cm. Upon each site visit, I looked for snakes both within and
beneath the funnel traps and beneath the sheet-metal cover objects. Results of a pilot
study completed in 2004 suggested that road surveys and transects were inefficient
means of finding snakes in this study area.
Drift fence arrays and double-ended funnel traps allow for the most effective
snake capture as compared to pitfall traps and single-ended funnel traps (Enge 2001;
Ryan et al., 2002). Funnel traps can capture small- to large-bodied snakes (Greenberg et
al., 1994; Enge, 2001), and are most effective in capturing surface-active species, as
compared to arboreal species (Greenberg et al., 1994). Funnel traps appear to be less
effective in capturing fossorial species (see Enge, 2001). To compensate, Fitch (2001)
recommended also using artificial cover to capture snakes. Artificial cover, such as
tented sheetmetal (as used here) or wood boards (in this case, beneath the plywood
funnel traps) have been shown effective in capturing fossorial and semi-fossorial snakes,
such as Tantilla gracilis and Tropidoclonion lineatum (Fitch, 2001).
Between May and September – when the snakes of northern Illinois should
occupy their summer territories (Harding, 1997) -- I visited each drift fence array every
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5m

Figure 2.1: Diagram of three-pronged drift fence array with associated funnel traps
and tented sheet metal.
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third day for a total of 28 and 24 visits in 2005 and 2006, respectively. I recorded the
length, weight and sex of each snake found, and I photographed each individual. Snakes
were also marked using ventral scale clipping (Brown and Parker, 1976), to confirm that
the snake populations of each site were independent from one another. Snakes were
then immediately released 30 m from the drift fence array. Other taxa (e.g., hawks,
crayfish, rodents) observed at the sites were noted.

2.2.3 Microhabitat features
Microhabitat features, defined here as environmental factors that an individual snake
might encounter in the course of its daily activities within its summer activity range (see
Carpenter, 1952), were quantified using geographic information systems (ArcGIS v. 9.1,
ESRI Inc.) and field surveys (Table 2.1). Ten features were specifically chosen due to use
in previous herpetological studies and potential importance based on snake biology:
elevation (absolute and range within 1 km), slope, soil texture (percent clay and sand),
soil bulk density, transformed aspect (Tasp), thermoregulatory habitat factors (index),
bare ground cover, vegetation height diversity (after MacArthur and Macarthur, 1961),
and the distance to nearest water body.

2.2.4 Landscape-level and regional features
I used GIS to evaluate nine landscape-level features: proportion of urban and
agricultural land cover (within 1 and 10 km), distance to nearest anthropogenic edge
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Table 2.1: Descriptions of the environmental variables used to define patterns in
snake species composition and abundance in Illinois’s Grand Prairie. Summary
statistics are provided for the data.
Variable
Microhabitat
elev

a,b

a,b

elev-range
a

slope

c

soil-clay

c

soil-sand
c

Description
environmental variables within 100 m of drift fence center

Units

Mean

St.Dev.

Range

elevation at drift fence center

m

184.9

28.0

160.0 - 250.0

difference between average elevation and maximum
elevation

m

0.1

2.4

-2.0 - 5.0

slope at center of drift fence array

%

1.2

1.6

0.0 - 6.2

percent clay in soil from 15 soil cores

%

44.9

26.7

5.5 - 87.9

percent sand in soil from 15 soil cores

%

23.0

12.8

7.2 - 49.8

1.03

0.14

0.78 - 1.35

--

-0.2

0.6

-1.0 - 1.0

--

0.03

0.05

0.00 - 0.13

--

1.01

0.84

0.00 - 2.40

shannon index of vegetation heights within 15 1m quadrats

--

1.27

0.27

0.70 - 1.86

distance to the nearest water body

m

823.8

667.7

20.0 - 2700.0

--

0.225

0.250

0.000 - 0.909

--

0.054

0.227

0.255 - 0.909

m

197.6

132.3

30.0 - 451.0

--

0.053

0.023

0.094 - 0.111

m

92.9

78.6

30.0 - 283.1

--

1925.3

2041.4

3.0 - 4545.9

road density within 1 km of each drift fence

--

0.052

0.029

0.000 - 0.113

road density within 10 km of each drift fence

--

0.052

0.014

0.034 - 0.071

proportion of urban landcover within 1 km of each drift fence

--

0.035

0.047

0.000 - 0.171

proportion of urban landcover within 10 km of each drift fence

--

0.075

0.061

0.004 - 0.164

800 m average annual precipitation between 1971-2000

mm

938.0

13.0

910.1 - 951.8

800 m average annual max. temperature between 1971-2000

°C

15.5

0.2

15.0 - 16.0

800 m average annual min. temperature between 1971-2000

°C

4.0

0.3

3.3 - 4.5

soil bulk density from 15 soil cores

soil-bd
a

g/cm

Tasp = -1 * COS (45 - aspect) (Beers et al. , 1966)

Tasp

average of burrow density and Braun-Blanquet (1928) cover
2
estimates for rocks and logs within 15 1m quadrats
average Braun-Blanquet (1928) cover estimates of vegetation
2
within 15 1m quadrats

therm
veg-cover
veg-height
d

water

Landscape

2

3

environmental variables 1-10 km from drift fence center

e

proportion of agricultural cover within 1 km of each drift fence

ag1

proportion of agricultural landcover within 10 km of each drift
ag10
fence
distance of each drift fence center from the nearest none
anth-edge
natural cover
g proportion of grassland gained or lossed between 1999 and
grass-change 2003 within 10 km of each drift fence
distance of each drift fence center from the nearest grassland
e
grass-edge
edge
index including size of patch and distance from other
e,f
proximity
grassland patches
e

e

rd1

e

rd10

e

urb1

e

urb10

Regional

climate characteristics

h

precip

temp-max

h

h

temp-min
a

evaluted using GIS and the USGS National Elevation Dataset
elevations were verified in the field using a geographic positioning system and were accurate within approximately 1.33 m
c
soil analyses were conducted by Brookside Laboratories, Inc., New Knoxville, Ohio
d
data from USGS hydrologic polygons and field verification
e
data from Illinois Gap Analysis Land Cover Classification (Illinois Natural History Survey, 2003) generated from 1999-2000
Landsat Thematic Mapper satellite images
f
the proximity index (Gustafson and Parker, 1992) was generated in FragStats (McGarigal et al ., 2002)
g
data from 1999 and 2003 USDA – NASS Cropland Data layers produced from Thematic Mapper images
h
calculated from digital data set prepared by the PRISM Group (2006)
b
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(e.g., urban or agricultural boundary), distance to nearest grassland edge, the rate of
grassland change (loss or gain of habitat) between 1999 and 2003, the size of and
distance between habitat patches (proximity index), and road density (within 1 and 10
km) (Table 2.1). Metrics measured within a 1 km radius represented landscape-level
features within the activity range, i.e., active summer range, of a snake (see Carpenter,
1952). Metrics measured within a 10 km radius represented landscape-level features
within a snake’s approximate home range, including winter hibernacula and active
season grounds (Gregory, 1984; see also Macartney et al., 1988). I also evaluated three
regional variables: 800 m 30-year average annual precipitation, as well as, average
maximum and minimum annual temperatures (Table 2.1).

2.2.5 Data Screening
Prior to analyzing the data, I calculated simple Pearson product moment
correlations and plotted the pair-wise scatterplots for each combination of species,
environmental and geographic variables. I further screened the data using outlier
analysis in PC-ORD 5.0 (McCune and Mefford, 1999). No snakes were captured at three
of the twenty-two sites, thus, these sites were excluded from cluster analysis, ordinations
and indicator species analysis. I also measured the degree of variability in the number
of snakes captured per site and individual species totals. As the sample unit coefficient
of variance was less than 100, the data did not require relativization by sample unit
(McCune and Grace, 2002). However, to emphasize the relative weight of rare species in
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some analyses, without giving them equal weighting with common species, I relativized
the species composition matrix by species maxima (see McCune and Grace, 2002).

2.2.6 Analysis
Compositional Groups of Snakes.- To determine whether snakes species were distributed
individually or as distinguishable assemblages, I needed to confirm whether or not some
sites shared the same species in similar abundances. In order to find snake assemblages,
I used three multivariate techniques: non-metric multidimensional scaling (NMS),
cluster analysis and indicator species analysis (ISA). NMS allowed for a graphical
representation of differences in species composition among sites. Cluster analysis found
groups of sites based on similarities in species composition, while ISA provided a
description of the groups based on differential species.
First, I ordinated sites based on differences in relativized species composition
using NMS (Kruskal, 1964; Mather, 1976), a powerful ordination technique that reveals
the underlying structure of the data, with the added benefit of being highly visual
(McCune and Grace, 2002). NMS analyses were performed on Bray-Curtis distance
metrics of snake species composition dissimilarity in PC-ORD 5.0 (McCune and
Mefford, 1999) using 50 runs of real data and 250 randomized runs. A Monte Carlo
significance test was used to assess whether NMS was discerning stronger axes than
expected by chance (McCune and Grace, 2002). Standard stepdown procedures were
used to find the number of axes sufficient to reduce stress in the ordination.
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After ordinating the sites based on snake species composition, I used hierarchical
agglomerative cluster analysis to define groups of sites containing similar species and
abundances of those species. In this, I used group averaging, a linkage method
compatible with the use of Bray-Curtis distance matrices that preserves the properties of
species-space (McCune and Grace, 2002). Cluster analyses, using PC-ORD 5.0 (McCune
and Mefford, 1999), were performed on the relativized snake species composition
matrix.
Once these groups were defined, I used Mantel (1967) tests to determine an
appropriate clustering level, i.e. how many groups to use. Here, a group contrast design
matrix was coded so that two samples in the same group (cluster) have a dissimilarity of
0, while two samples in different groups have a dissimilarity of 1 (Legendre and
Legendre, 1998). A Mantel correlation between compositional dissimilarity and the
group contrast matrix indexed the extent to which dissimilarities among groups were
large relative to dissimilarities within groups. This test was repeated for the range of
clustering levels (1 to N-1) and the level at which the Mantel correlation was highest
suggested the appropriate clustering level.
I used ISA to provide a description of the groups based on differential snake
species. ISA, as conceived by Dufrene and Legendre (1997), evaluates a species in terms
of its faithfulness to or consistent presence in a particular group. ISA solutions were
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determined using PC-ORD 5.0 (McCune and Mefford, 1999) using 250 randomizations
to compute the statistical significance of the indicator values.
Snake Species Composition and Microhabitat.- NMS bi-plots and Mantel tests were used to
determine which microhabitat variables were associated with the snake species
composition of each site. The NMS bi-plots depicting correlations between microhabitat
features and NMS ordination axes (P ≤ 0.05) allowed me to see if the axes that separated
sites in species-space corresponded to any microhabitat features.
Mantel (1967) tests served to confirm whether or not snake species composition
varied with microhabitat features even after accounting for the covariance among
microhabitat variables and relationships with landscape, climate and distance metrics. I
used R statistical software (R Development Core Team, 2006), library “Ecodist” (Goslee
and Urban, 2006), to generate partial Mantel correlations and evaluate the statistical
significance of relationships. The snake species composition dissimilarity matrix was
created using Bray-Curtis distance coefficients. Here, as microhabitat is the scale of
interest, I unpacked the individual microhabitat features and investigated their
relationships with snake species composition. To do this, pair-wise distances among
values of individual microhabitat features (e.g., elevation, soil bulk density) at each site
were calculated via Euclidian distance. I also controlled for the effects of the
environmental features at other scales (landscape and regional) and the geographic
position of the study sites when looking at the snake-microhabitat relationships. I used
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Mahalanobis distance coefficients to create landscape-level and climate dissimilarity
matrices, as Mahalanobis dissimilarity accounts for the covariances of the data. The
geographic position matrix was created using Euclidian distance. Significance was tested
by permutation with 1,000,000 runs.
Individual Snake Species Associations with Microhabitat.- I used Mantel tests to determine if
relationships among microhabitat features and snake occurrence/abundance differ
among individual snake species after accounting for other environmental variables at all
scales and the geographic location of sites. Pair-wise distances among values of
individual snake species presence/absence, abundances and microhabitat features at
each site were calculated via Euclidian distance. The effects of microhabitat, climate and
geographic position were again removed. The statistical significance of partial
correlations was tested by permutation with 1,000,000 runs.

2.3 Results
2.3.1 Species Diversity
One hundred and twenty individual snakes were captured representing seven different
species: Coluber constrictor foxii, Elaphe vulpina vulpina, Heterodon nasicus nasicus,
Liochlorophis vernalis, Storeria dekayi, Thamnophis sirtalis sirtalis and T. radix radix.
Gartersnakes (Thamnophis spp.) accounted for 78% (93 of 120) of total snakes captured
(Table 2.2). The average species richness was 1.95 per site (S.D. = 1.33). Species richness
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Table 2.2: The snake species richness and total number of individuals captured at
drift fence arrays at 22 prairie sites in six preserves. SB = Sunbury Railroad Prairie
Nature Preserve; GL = Grant Lake Prairie Preserve; GC = Grant Creek Prairie Preserve;
MD = Midewin National Tallgrass Prairie; NA = Nachusa Grasslands; GR = Green
River State Wildlife Area.

Species Number of
Sites
Richness Individuals
Preserve
ID
SB
1
1
1
GL
2
1
1
GL
3
1
8
GL
4
2
3
GL
5
3
10
GC
6
1
7
GC
7
2
3
MD
8
2
3
MD
9
5
12
MD
10
4
10
MD
11
2
21
MD
12
4
14
MD
13
2
7
NA
14
2
2
NA
15
----NA
16
1
1
NA
17
2
4
GR
18
3
4
GR
19
----GR
20
2
3
GR
21
3
6
GR
22
----5
120
Max. Richness/Total:
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peaked at site 9, which had five snake species. At three sites no snakes were captured.
Less than 44% of the snake species that historically inhabited this region and habitat
were found during the course of this study, although the number of species captured is
consistent with other recent studies completed in this region (e.g., Mierzwa, 1994).

2.3.2 Microhabitat Features
A number of significant (P ≤ 0.05) simple Pearson product moment correlations were
found among the microhabitat variables and also among microhabitatvariables and
geographic location (i.e., northing or easting) (Table 2.3). Elevation was correlated with
the greatest number of other microhabitat variables. There was a positive correlation
between elevation and slope, differences in elevation within 1 km, distance to nearest
water body, cover and soil bulk density and a negative correlation between elevation
and percent sand in soil. Five variables were positively correlated with both northing
and easting: elevation, difference in elevation, cover, soil bulk density and percent clay
in soil. Only one variable was negatively correlated with northing and easting: percent
sand in soil. Summary statistics for all environmental features are provided (Table 2.1).

2.3.3 Compositional groups of snakes
Ordination of relativized species abundances resulted in a 2-axis solution with a final
minimum stress of 20.53 (Figure 2.2). Axes 1 and 2 represented 28.8% and 31.6% of the
total variance in original species space, respectively. The subsequent cluster analysis
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Table 2.3: Significant (P ≤ 0.05) simple Pearson product moment correlations, with pvalues in parentheses, among microhabitat features and geographic distance between
sites. See Table 1 for variable descriptions.

therm
slope
Tasp
water
elev-range
veg-cover
elev
soil-bd
soil-clay
soil-sand
veg-height

therm
slope
Tasp
water
elev-range
veg-cover
elev
soil-bd
soil-clay
soil-sand
veg-height

Microhabitat Feature
therm
slope
Tasp
water
elev-range
veg-cover
elev
------------------------------------------------------------------------------------------------------------------------------0.42 (0.049) 0.43 (0.046)
---------------------------------------------------------------------------------------------------------------------0.64 (0.001)
---------------------------------------------------------------------------------------------------------------------0.62 (0.002)
---------0.65 (0.001) 0.51 (0.016) 0.61 (0.003)
------------------------------------------------------0.63 (0.002) 0.43 (0.047)
------------------------------------0.44 (0.041) 0.57 (0.005)
----------------------------------------------0.44 (0.039) -0.54 (0.009) -0.45 (0.035)
----------------------------0.53 (0.012)
---------------------------Geographic Location
Microhabitat Feature
soil-bd
soil-clay
soil-sand veg-height
Northing
Easting
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------0.47 (0.027) 0.42 (0.051)
------------------------------------0.54 (0.010) 0.73 (0.001)
------------------------------------0.78 (0.001) 0.87 (0.001)
------------------------------------0.57 (0.005) 0.60 (0.003)
------------------------------------0.48 (0.023) 0.64 (0.001)
----------0.94 (0.001)
-------------------0.54 (0.009) -0.69 (0.001)
-------------------------------------------------------
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Figure 2.2: Ordination of relativized snake species composition data based on nonmetric multidimensional scaling, showing the microhabitat metric, elevation,
associated with ordination axis 1. Species centers are designated by “+”. COCO =
Coluber constrictor foxii; ELVU = Elaphe vulpina vulpina; HENA = Heterodon nasicus;
LIVE = Liochlorophis vernalis; STDE = Storeria dekayi; THRA = Thamnophis radix
radix; and THSI = Thamnophis sirtalis sirtalis.
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differentiated six compositional groups (assemblages) from the relativized snake
abundance data. Indicator species were found for half of these groups (at P ≤ 0.05) (Table
2.4). Elaphe vulpina vulpina, Coluber constrictor foxii and Liochlorophis vernalis indicated
group one, two and six, respectively.

2.3.4 Snake species composition and microhabitat
NMS bi-plots revealed one significant (at P ≤ 0.05) correlation between microhabitat
variables and the ordination axes: axis 1 was correlated with elevation (r = 0.65). This
result was corroborated by Mantel tests, which showed that differences in relativized
snake species composition were associated with differences in elevation (rM = 0.15) after
accounting for associations with all other environmental variables, climate and
geographic variables. Combining the NMS joint-plot and cluster analysis results, six
compositional groups of snakes associated with particular environmental characteristics
were identified:
1) Common species, including garter snakes (Thamnophis species), brown snakes
(Storeria dekayi dekayi) and fox snakes (Elaphe vulpina vulpina) associated with
mid- to high elevations.
2) Garter snakes and less common species such as fox snakes and blue racers
(Coluber constrictor foxii), associated with low elevation.
3) An assemblage of garter snakes with high overall abundances in areas of low
elevation.
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Table 2.4: Results of indicator species analysis showing snake species and their
indicator scores (max. value) for the group to which they were assigned, with
significance test.

Species

Group

Max. Value

p-value

Coluber constrictor foxii

2

100.0

< 0.01

Elaphe vulpina vulpina

1

62.5

0.02

Heterodon nasicus

6

50.0

0.32

Liochlorophis vernalis

6

100.0

0.02

Storeria dekayi

5

41.7

0.18

Thamnophis radix radix

3

26.6

0.67

Thamnophis sirtalis sirtalis

3

36.5

0.07
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4) An assemblage of garter snakes with very low overall abundances found in
areas of with a range of elevations.
5) An assemblage of only common species, in this case garter and brown snakes,
found in areas of moderate elevation.
6) Another assemblage, consisting of garter snakes with green snakes
(Liochlorophis vernalis) and western hognose snakes (Heterodon nasicus nasicus)
was found in areas of moderate elevation.

2.3.4 Individual snake species associations with microhabitat
After accounting for all other environmental variables, climate and geographic location,
differences in abundances of two of the seven snake species were significantly (P ≤ 0.05)
associated with one or more microhabitat metrics (Partial Mantel test, Table 2.5).
Differences in Thamnophis sirtalis sirtalis abundances among-sites had strong Mantel
correlations with elevation (rM = 0.28) and percent sand in soil (rM = 0.38). Differences in
Elaphe vulpina vulpina abundance were related to the amount of thermoregulatory
habitat (rM = 0.33). Differences in the abundance of three of the seven species were
correlated (P ≤ 0.05) with the east-west component of geographic distance after
accounting for environmental features: Liochlorophis vernalis (rM = 0.22), T. radix radix (rM
= 0.17) and T. sirtalis sirtalis (rM = 0.20).
Differences in snake species occurrence among-sites were associated (P ≤ 0.05)
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Table 2.5: The significant (P ≤ 0.05) Mantel correlations among the abundance or
occurrence of individual snake species and microhabitat variables, with confidence
intervals in parentheses, and associated p-values.
Species
Coluber constrictor foxii
Elaphe vulpina vulpina
Heterodon nasicus
Liochlorophis vernalis
Storeria dekayi
Thamnophis radix radix
Thamnophis sirtalis sirtalis

Microhabitat Feature

Abundance/
Occurrence

Mantel Correlation
(Confidence Interval)

P-Value

-------------slope
therm
---------------------------------------soil-clay
soil-sand
elev
soil-sand

-------------occurrence
abundance
---------------------------------------occurrence
abundance
abundance
abundance

-------------0.26 (0.16 - 0.41)
0.33 (0.07 - 0.50)
---------------------------------------0.20 (0.12 - 0.29)
0.44 (0.06 - 0.61)
0.28 (0.17 - 0.38)
0.38 (0.25 - 0.49)

-------------0.022
0.028
---------------------------------------0.010
0.056
0.004
0.003
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with differences in microhabitat features for three of the seven species (Table 2.5).
Differences in the presence of Thamnophis sirtalis sirtalis were related to elevation (rM =
0.28) and percent sand in soil (rM = 0.38) after accounting for other environmental
variables and space. Some of these relationships did not mirror those between
abundance and microhabitat features. For example, differences in Elaphe vulpina vulpina
occurrence were related to slope (r = 0.26), rather than thermoregulatory habitat.
Additionally, differences in the presence of T. radix radix were related to percent sand in
soil (rM = 0.43). Among-site dissimilarity in snake species occurrence was correlated with
differences in east-west location for three of the seven species (P ≤ 0.05): Liochlorophis
vernalis (rM = 0.22), T. radix radix (rM = 0.17) and T. sirtalis sirtalis (rM = 0.22).

2.4 Discussion
2.4.1 Compositional groups of snakes
The results of cluster and indicator species analysis indicate that groupings of
snakes in this system are largely characterized by snake abundances or rare species. At
least one of the two garter snake species is found in all groups and these groups are then
differentiated either by garter snakes being the only species observed (e.g., in groups 3
and 4) or by the mixture of less common species found with the garters (as in all the
other groups). Groups 1-5 are not consistently defined by the occurrence of specific
species (see Table 2.4). For example, by finding Elaphe vulpina vulpina, one would not be
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able to predict the co-occurrence of Coluber constrictor foxii (e.g., group 1 vs group 2).
Similarly, the discovery of Storeria dekayi does not necessarily indicate the presence of E.
v. vulpina. I contend that these groups represent nested subsets of species, with group 2
representing all the species that might commonly co-occur. Group 6, as indicated by
cluster analysis and indicator species analysis, is quite different from Groups 1-5: Group
6 is missing one of the garter snake species that all the other groups include and it has
two species that no other groups contain.
The large distance between Groups 1-5 and Group 6 in NMS space, as well as the
compositional exclusivity of Group 6, suggest that Groups 1-5 and Group 6 represent
two communities, or groups of commonly co-occurring species, currently found in
northern Illinois prairies. Only one species, the habitat generalist Thamnophis sirtalis
sirtalis (Reichert, 1999) spans both communities. The first proposed community (A)
includes T. sirtalis sirtalis, T. radix radix, Storeria dekayi, Elaphe vulpina vulpina and, Coluber
constrictor foxii. The second community (B) includes Heterodon nasicus, Liochlorophis
vernalis and T. sirtalis sirtalis. Some of these trends in species co-occurrence are
supported by other herpetological surveys in Illinois. For example, Keller and Heske
(2000) found that C. constrictor and Elaphe vulpina shared similar habitat, at least at the
landscape scale, in Middle Fork Fish and Wildlife Area. In a small study area in the
Calumet region, south of Chicago, Seibert and Hagen (1947) found only L. vernalis, T.
sirtalis and T. radix – and no other snake species. It is difficult to compare the results of
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the current study with others (e.g., the aforementioned and Mierzwa, 1994), as they
report snake occurrence data for specific habitat types (e.g., grassland, wet prairie), but
do not have site-specific microhabitat data. Also, it should be noted that these suggested
communities probably do not represent the full, historic assortment of species that
would commonly co-occur, since snake species have been disappearing from
Midwestern prairies over the past 50 years (Chapter 3).

2.4.2 Snake species composition and microhabitat
As revealed by both NMS and Mantel tests, snake species composition did not
vary with any microhabitat feature except elevation, a feature with a great deal of finescale (i.e., within 100 m) variability in this system. Garter snakes were found at all sites
where snakes were found. Yet, sites containing other species sorted predictably along a
gradient of elevation. Along the gradient of low to mid-elevations, snake species in
community A (see above) dropped out progressively as elevation increased. First,
Coluber constrictor foxii disappeared, then Elaphe vulpina vulpina and finally, Storeria
dekayi. At the other end of the elevation gradient, two species appeared that were not
noted at any sites of low or medium elevation: Heterodon nasicus nasicus and Liochlorophis
vernalis.
Although snake species composition and elevation co-vary, there is no reason,
biological or otherwise, to suggest a direct causal relationship between the two variables.
I postulate that elevation serves as a proxy for predator vulnerability. Specifically, I
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assert that elevation is associated with a change in species composition because it is also
associated with vulnerability to hawk predation. The range of elevations in the study
was about 160 to 250 m. Hoover and Morrison (2005) found that red-tailed hawks (Buteo
jamaicensis) were 5.5 times more likely to be seen flying on slopes with a peak elevation
of 226 –256 m than areas in other elevation classes. They proposed that higher elevation
and other topographic features help create up-drafts, allowing hawks to soar more
easily. I observed red-tailed hawks, the most common hawk in Illinois, soaring near
some of the highest elevation sites in this study, including site 16 (236 m) and site 22 (219
m). Moreover, Fitch (1949) identified red-tailed hawks as the primary predator of
rattlesnakes (Crotalus viridis) in California and important predators of gopher snakes
(Pituophis catenifer), kingsnakes (Lampropeltis getula), western gartersnakes (Thamnophis
elegans) and the California racer (Coluber lateralis). Other important snake predators
included owls, other hawk species and coyotes.

2.4.3 Individual snake species associations with microhabitat
Trends in overall species composition are not associated with most of the
microhabitat variables measured during this study; however, individual species’
abundances and occurrence appear to be closely related to a diversity of microhabitat
features (see Table 2.5). Many of the features associated with the individual abundance
or occurrence of a species potentially represent more direct causal relationships than,
say, elevation. For example, the abundance of Elaphe vulpina vulpina was significantly
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correlated with thermoregulatory habitat. It is well documented that thermoregulation
affects every aspect of snakes biology, from reproduction to predator avoidance
(Peterson et al. 1993). Moreover, these relationships are significant even after accounting
for other environmental variables and the geographic relationships among sites.
These trends also suggest that the different biological attributes of each species
correspond to species-specific relationships with microhabitat features. The occurrence
and abundance of the two most biologically similar species in this study (Thamnophis
sirtalis sirtalis and Thamnophis radix radix) both co-vary with the percent sand in soil. No
other species vary with this metric, nor do any other species significantly co-vary with
the same microhabitat feature as another. Furthermore, these species-specific
associations with microhabitat help explain why variables other than elevation were not
significantly related to overall species composition: it is not necessarily because other
microhabitat features are not important in determining species composition, it is just
that they are not of uniform importance to each species. The latter has important
conservation implications. Conservationists seeking to manage snake populations need
to create species-specific conservation plans. This is especially important when
prioritizing conservation areas with different microhabitat characteristics.
Finally, significant trends between microhabitat and snake species abundances/
occurrence are observed for abundant species, but not for rare species. In some cases,
this is observed because occurrences of certain species (e.g., Coluber constrictor foxii and
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Storeria dekayi) are more closely associated with landscape-level or biogeographically
scaled features (Chapter 3). This result could also indicate the relative importance of
competition or predator-prey dynamics or that, for some species (e.g., Liochlorophis
vernalis and Heterodon nasicus), data were insufficient to reveal statistically significant
relationships.

2.4.4 Future research
This paper represents a first step towards an in-depth understanding of snakehabitat relationships. Predictive modeling and validation of those models would
elucidate specific areas and scales at which our understanding of snake-habitat
relationships is limited. Moreover, further research should also attempt to decouple
predator/prey and habitat relationships to develop causal models of snake species
distributions.
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3. Snake species distributions and temperate
grasslands: a case study from the American tallgrass
prairie
3.1 Introduction
Snake species are declining around the world (Mount, 1975; Dodd, 1987; Gibbons
et al., 2000; but see also Filippi and Luiselli, 2006) and current data unavailability hinders
their conservation (Dodd, 1993). Landscape-scale processes have been shown to
especially impact the population success of other taxa, such as birds (Robinson et al.,
1995; Fahrig, 2003). However, with the exception of research on road effects (Rosen and
Lowe 1994; Bonnet et al. 1999; Andrews and Gibbons, 2005), landscape-scale snakehabitat investigations of any nature have been limited to western Europe, Australia, and
Canada (see Luiselli and Capizzi, 1997; MacNally and Brown, 2001; Driscoll, 2004) and
are largely absent from the Americas, Africa, and eastern Eurasia.
The North American plains, South American pampas, African veldts and
Eurasian steppe represent one of the world’s most fragmented and threatened biomes:
temperate grasslands (Hoekstra et al., 2005; see also Noss et al., 1995; White et al., 2000).
41.4% of the global extent of temperate grasslands has been converted to agriculture,
and much of the remainder exists as small fragments (White et al, 2000). In some regions,
agricultural conversion continues to intensify. For example, Argentinean grasslands are
increasingly threatened by boosted world-wide demand for agricultural products and
the availability of advanced equipment (Baldi et al., 2006). Still, grasslands are among the
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least studied systems in fragmentation literature (McGarigal and Cushman, 2002).
Moreover, in most of these regions, information on the abundance and conservation
status of snake populations is unavailable.
The North American tallgrass prairie is one of the few representatives of the
temperate grassland biome from which we can gain a historical perspective of snake
populations from anecdotal accounts and fine-scale studies. Moreover, understanding
landscape-scale snake-species habitat relationships in this system may allow us to
identify effective snake conservation measures in other temperate grasslands before they
experience the same degree of habitat loss seen in the American tallgrass prairie: today,
less than 1% of the eastern tallgrass prairie persists (Chapman et al., 1990; Samson and
Knopf, 1994).
Besides the scarcity of research on snakes in severely threatened temperate
grassland habitats, additional research gaps are evident in the field of snake
conservation. Dodd (1993) identified the lack of basic biological information – including
data on population size and habitat requirements – as the greatest constraint in
conservation planning for individual snake species and assemblages (see also Reinert,
1993). Moreover, Dodd stressed the need to identify priority snake species and habitats for
conservation. Since the mid 1990s a number of studies have met Dodd’s call for research
identifying priorities in snake conservation (Filippi and Luiselli, 2000; Seburn and
Seburn, 2000; Reed and Shine, 2002; Zhou and Xiang, 2005; Franca and Araujo, 2006;
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Tolson and Henderson, 2006), but few are based on long term monitoring (notable
exceptions include Filippi and Luiselli, 2006) or data on snake-species habitat
relationships (but see Luiselli and Capizzi, 1997; Webb and Shine, 1997).
Understanding species-habitat relationships is fundamental to effective
conservation planning and management (Rushton et al., 2004; Guisan and Thuiller,
2005). Since the late 1980s ecologists have emphasized the variation in species-habitat
relationships at different scales (Morris, 1987; Wiens et al., 1987; Wiens, 1989). Recent
advances in computation and methods now allow for improved multiscale analyses of
species-habitat relationships (Guisan and Zimmerman, 2000; Guisan and Thuiller, 2005).
Additionally, research suggests that environmental factors influencing the distribution
(or occurrence) of species may differ from factors influencing species abundances
(Nielsen et al., 2005). Often conservation biologists interested in snake conservation may
have data on snake occurrences (e.g., from museum records or road surveys) rather than
data on abundances. To develop adequate conservation guidelines, it is necessary to
know if the occurrence and abundances of snake species are related to similar
environmental factors. For these reasons, I seek to answer basic questions about snake
community composition in the context of landscape-scale habitat relationships while
accounting for intercorrelation with environmental variables both at finer (microhabitat)
and broader (regional) scales, as well as the geographic relationship of study sites.
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Here, I evaluate how landscape-scale characteristics of remnant tallgrass prairie
sites and the surrounding matrix are related to current snake species composition by
exploring the following questions:

1. Are snake populations declining in the American Midwestern prairie?
2. Are snake species distributed individualistically or as species
assemblages in relation to landscape factors? Here, an assemblage is
defined as sites similar in species composition and relative abundance.

3. Are the occurrences and abundances of different snake species associated
with the same landscape-scale factors?
Addressing these questions allows us to assess the degree of conservation
attention warranted by snakes in the American Midwestern prairie specifically, as well
as offer preliminary conservation guidelines for snakes of the tallgrass prairie by
examining the congruity of snake species-habitat relationships among species and the
agreement of occurrence and abundance data.

3.2 Materials and methods
3.2.1 Study area
Prior to European settlement, the North American prairie covered almost 890
million acres (Robertson et al., 1997). The prairie formed an irregular triangle across the
Midwest, the base of which stretched south from Saskatchewan to Texas (Robertson et
63

al., 1997). The apex of the triangle, known as the “prairie peninsula”, is an eastward
extension of tallgrass prairie predominantly located in Iowa, Illinois, and Indiana
(Transeau, 1935).
Twenty-two study sites were located in six preserves (Table 3.1) within the
Illinois portion of the tallgrass prairie peninsula, including the United States’ first
national tallgrass prairie (Midewin) and the largest remnant prairie east of the
Mississippi River (Goose Lake). These sites were located at a minimum of 1 km and a
maximum of 135 km apart. Sites were approximately contained within Illinois’s Grand
Prairie natural division – a geographic region with similar soil, topography, and biota
(Schwegman, 1973). Delineated by the farthest advance of the last glacial ice sheet to
affect the state (McClain, 1997), this division was previously dominated by black soil
prairie. Historically, these prairies were maintained by periodic fire and grazing
(Robertson et al., 1997), with disturbances, such as bison wallows and mammal burrows,
increasing plant species richness and heterogeneity (Matlack et al., 2001; Gibson, 1989).

3.2.2 Snake capture
At each of twenty-two sites, snakes were captured using a drift fence array associated
with funnel traps and tented sheet metal (Enge, 1997; Ryan et al., 2002). Results of a pilot
study completed in 2004 suggested that road surveys and transects were inefficient
means of finding snakes, i.e., only one snake was found over 14 days, possibly due to the
general paucity of snakes in the study area (see Results). Between May and September -64

Table 3.1: Descriptive features of preserves containing study sites, including preserve
size, land cover, number of study sites and the geographic coordinates of each site in
UTMs. Preserve size and cover from Adelman and Schwartz (2001).
Preserve
Sunbury Railroad Nature Preserve

Preserve
Preserve Description
Size (ha)
5
railroad prairie with diverse

Number
of Sites
1

Geographic Coordinates of Each Site
Northing
Easting
41.08490
88.60554

Goose Lake Prairie

600

prairie potholes and dry-mesic,
wet-mesic, and wet prairie

4

41.35734
41.34798
41.38271
41.38577

88.33722
88.34334
88.29752
88.28823

Grant Creek Prairie Nature Preserve

32

mesic and wet prairie; located
along a major interstate

2

41.36226
41.35491

88.19098
88.18992

16,000

diverse habitat including
agricultural fields, range-land,
mesic to wet prairie, and forest

6

41.37114
41.36628
41.36609
41.40381
41.40028
41.39504

88.14178
88.13895
88.13686
88.17415
88.17406
88.17389

tallgrass prairie, some
agriculture, characterized by
rock bluffs

4

41.87783
41.88555
41.89701
41.88953

89.35077
89.32373
89.35886
89.35460

prairie restorations, sand
prairie, swampy sloughs, open
fields, timberlands

5

41.63045
41.63266
41.64079
41.64898
41.64483

89.49966
89.49323
89.49238
89.50718
89.51519

Midewin National Tallgrass Prairie

Nachusa Grasslands

Green River State Wildlife Area

400

1,038
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when northern Illinois’s snakes should occupy their summer territories (see Harding,
1997) -- I visited each drift fence array every third day for a total of 28 and 24 visits in
2005 and 2006, respectively. Drift fence arrays, constructed from 1.2 m tall silt-fence
material and wood stakes, were three-pronged, with prongs measuring 5 m in length.
Six funnel traps and three sheet-metal cover objects were associated with each driftfence. The funnel traps were constructed out of 1.9 cm thick plywood and aluminum
screen; the internal dimensions of each trap were 60 x 20.5 x 17 cm and funnel openings
were 5 cm in diameter. These dimensions ensured that even the largest species
previously found within the study area, Pituophis catenifer sayi, could be captured. The
sheet metal cover objects measured 74 x 58 cm. Upon each site visit, I looked for snakes
both within and beneath the funnel traps and beneath the sheet-metal cover objects. I
recorded the snout-to-vent length, weight, and sex of each snake found and I
photographed each individual. Snakes were also marked using ventral scale clipping
(Brown and Parker, 1976), to confirm that the snake populations of each site were
independent from one another. Snakes were then immediately released 30 m from the
drift fence array. Other taxa (e.g., crayfish, rodents) found at the sites were noted.

3.2.3 Environmental data collection
I used geographic information systems (GIS; ArcGIS v. 9.1, ESRI Inc.) to evaluate
ten landscape-scale factors. In this study, metrics measured within a 1 km radius
represented landscape-scale factors within the activity range, i.e., active summer range,
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of a snake (see Carpenter, 1952 for discussion of activity ranges). Some metrics were also
measured within a 10 km radius, encompassing landscape-scale factors within the
approximate home range, including winter hibernacula and active season grounds, of
snakes in this study area (Gregory, 1984; see also Macartney et al., 1988).
Microhabitat factors, defined here as environmental features that an individual
snake might encounter in the course of its daily activities, were quantified using GIS
(ArcGIS v. 9.1, ESRI Inc.) and field surveys. Eleven features were specifically chosen due
to their use in previous herpetological studies and potential importance based on snake
biology. I also evaluated three regional factors: average annual precipitation, average
maximum temperature and average minimum temperature at 800 m resolution.
Geographic position (i.e., latitude and longitude) was determined with a GPS accurate to
within 3 m.

3.2.4 Data screening
Data were screened by outlier analysis in PC-ORD 5.0 (McCune and Mefford,
1999). I also measured the degree of variability in the number of snakes captured per site
and individual species totals. As the sample unit coefficient of variance was less than
100, the data matrix used for cluster analysis, non-metric multidimensional scaling
(NMS), and Mantel tests did not require relativization by sample unit (McCune and
Grace, 2002). However, to emphasize the relative weight of rare species, without giving
them equal weighting with common species, I relativized the species composition matrix
67

by species maxima (i.e., divide abundances by the maximum abundance for that species)
(McCune and Grace, 2002). No snakes were captured at three of the twenty-two sites,
thus, these sites were excluded from the cluster analysis, ordinations and indicator
species analysis.

3.2.5 Analysis – assemblage and individualistic responses
I used hierarchical agglomerative cluster analysis to identify groups of sites
similar in snake species and abundances of those species. From these groups, I then
identified assemblages of snakes in the study area. Cluster analyses, using PC-ORD 5.0
(McCune and Mefford, 1999), were performed on the relativized snake species
composition matrix. In this, I used group averaging, a linkage method compatible with
the use of Bray-Curtis distance matrices that preserves the properties of species-space
(McCune and Grace, 2002), to join similar sites into groups. The number of groups
ranged from one (a single group containing all 22 sites) to 21 (i.e., N-1).
Once these groups were defined, I used Mantel (1967) tests to determine the
appropriate number of groups to use (a.k.a., clustering level). Here, a group contrast
design matrix was coded so that two sites in the same group have a dissimilarity of 0,
while two sites in different groups have a dissimilarity of 1 (Legendre and Legendre,
1998). A Mantel correlation between compositional dissimilarity and the group contrast
matrix indexed the extent to which dissimilarities among groups were large relative to
dissimilarities within groups. This test was repeated for the range of clustering levels (1
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to N-1) and the level at which the Mantel correlation was highest suggested the
appropriate number of groups to use.
Next, I ordinated sites, based on dissimilarity of relativized species composition,
using NMS (Kruskal, 1964; Mather, 1976) to evaluate the relationship among groups of
sites, individual species, and landscape-scale factors. NMS analyses were performed on
a Bray-Curtis dissimilarity matrix of snake species composition in PC-ORD 5.0 (McCune
and Mefford, 1999) using 50 runs of real data and 250 randomized (by row) runs. A
Monte Carlo significance test was used to assess whether NMS was discerning stronger
axes than expected by chance (McCune and Grace, 2002). Standard stepdown
procedures were used to find the appropriate number of axes sufficient to reduce stress,
which measures how well the distance in ordination space corresponds to the
dissimilarity in species composition, in this case.
Mantel tests served to confirm whether or not snake species composition varied
with individual landscape-scale factors even after accounting for the covariance among
landscape factors and relationships with microhabitat, regional factors, and geographic
position. I used R statistical software (R Development Core Team, 2006), library
“Ecodist” (Goslee and Urban, 2006), to generate partial Mantel correlations and evaluate
the statistical significance of relationships. To do this, the snake species composition
dissimilarity matrix was created using Bray-Curtis distance coefficients. The pair-wise
distances among individual landscape factors at each site were calculated via Euclidian
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distance (e.g., if the proximity of site 1 = 100 and the proximity of site 2 = 500, then the
pair-wise distance = 400). Mahalanobis distance coefficients, which account for
covariance among the data, expressed microhabitat- and regional-scale dissimilarity,
and Euclidian distance metrics were used to create the geographic position matrix.
I also used Mantel tests to determine if relationships among landscape factors
and snake abundance differ among individual snake species after accounting for other
environmental factors at all scales and the geographic position of sites. Significance was
tested by permutation with 1,000,000 runs.

3.2.6 Analysis – occurrence responses
To evaluate the relationship between snake species occurrence and landscape
factors, I used NMS and Mantel tests. NMS ordinations were performed using the same
procedures described above, with Bray-Curtis distance expressing dissimilarity in snake
occurrence. I also generated additional partial Mantel correlations to evaluate the
statistical significance of relationships between individual and overall species
occurrence (expressed as a Bray-Curtis dissimilarity matrix) and each landscape-scale
factor individually, after accounting for all other environmental factors and geographic
position.
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3.3 Results
3.3.1 Species richness
One hundred and twenty individual snakes were captured representing seven
species: Coluber constrictor foxii, Elaphe vulpina vulpina, Heterodon nasicus nasicus,
Liochlorophis vernalis, Storeria dekayi, Thamnophis sirtalis sirtalis, and T. radix radix (Table
3.2). Gartersnakes (Thamnophis spp.) accounted for 78% of total snakes captured. Fewer
than 44% of snake species that historically inhabited this region and habitat were found
during the course of this study.

3.3.2 Assemblage and individualistic responses
Six species assemblages (defined by sites similar in both species composition and
abundance) were found in the snake abundance data, as determined by cluster analysis
(see groups in Figure 3.1). These assemblages were largely differentiated by rare species.
Ordination of snake species composition provided a 2-axis solution with a final
minimum stress of 20.527 after 250 iterations (Figure 3.1). Axes 1 and 2 represented
28.8% and 31.6% of the total variance in original species space, respectively. Axis 1 was
significantly (at P ≤ 0.05) correlated with three landscape-scale factors: the proportion of
urban land cover within 1 km (r = -0.59), as well as, the proportion of agricultural (r =
0.66) and urban land cover (r = -0.69) within 10 km. Axis 2 was significantly correlated
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Table 3.2: The snake species and abundances of species captured at drift fence arrays
at 22 prairie sites in six preserves. SB = Sunbury Railroad Prairie Nature Preserve; GC
= Grant Creek Prairie Preserve.
SB
1
Coluber constrictor foxii
Elaphe vulpina vulpina
1
Heterodon nasicus nasicus Liochlorophis vernalis
Storeria deyaki
Thamnophis radix radix
Thamnophis sirtalis sirtalis
Number of Species 1
Number of Individuals 1
Species

2
1
1
1

Gooselake
3 4 5
- 1 2
- - 1
- - - - - - - - 8 2 7
1 2 3
8 3 10

GC
6 7
- - - - - - 1
7 2
1 2
7 3

8 9
- 1
- 2
- - 1 1
2 3
- 5
2 5
3 12

Midewin
1- 11 12
- - 1
1 - - - - - 3 - 1
3 14 3
3 7 9
4 2 4
10 21 14
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13
4
3
2
7

Nachusa
14 15 16 17
- - - - - 1 - - - - - - - - - 1
1 - - 1 - - 3
2 - 1 2
2 - 1 4

Green River
18 19 2- 21 22
- - - 1 - - - - - 1 - - 2 2 1 - - - - - 2 - 1 3 3 - 2 3 4 - 3 6 -

Figure 3.1: Ordination of relativized snake species composition data based on nonmetric multidimensional scaling, showing landscape-level metrics associated with
each of the ordination axes. Cluster groups are represented by different symbols and
each plot is labeled numerically. Species centers are designated by “+”. COCO = C.
constrictor foxii; ELVU = E. vulpina vulpina; HENA = H. nasicus; OPVE = L. vernalis;
STDE = S. dekayi; THRA = T. radix radix; and THSI = T. sirtalis sirtalis.
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with the proportion of agricultural land cover within 1 km (r = -0.53). Six assemblages,
described by snake species and landscape features, are presented below (Figure 3.1):
1) Common species, including garter snakes (Thamnophis spp.), brown snakes (S.
dekayi), and fox snakes (E. vulpina vulpina), associated with high to mid-level
proportions of surrounding agricultural land cover and mid- to low level
proportions of urban land cover.
2) Garter snakes, and less common species such as fox snakes and blue racers (C.
constrictor foxii), associated with moderate levels of agricultural development and
high levels of urban development.
3) An assemblage of garter snakes with high overall abundances in areas of very
low agricultural cover and high urban cover.
4) An assemblage of garter snakes with very low overall abundances found in
areas of low to moderate agricultural land cover and moderate urban land cover.
5) An assemblage of only common species, in this case garter and brown snakes,
found in areas of moderate agricultural and urban development.
6) Another species assemblage, consisting of garter snakes with green snakes (L.
vernalis) and western hognose snakes (H. nasicus) was found in areas of high
surrounding agricultural development and low urban development.
Mantel tests revealed that overall dissimilarity in snake species composition among-sites
was not related to dissimilarity in the combined set of landscape-scale site factors (rM =
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0.01, P = 0.433) after accounting for microhabitat, regional-scale factors and geographic
position (Table 3.3). A significant relationship (P ≤ 0.05) between dissimilarity in snake
species composition and geographic position (rM = 0.20) was found after accounting for
environmental factors at all scales. Partial Mantel tests revealed a significant correlation
between dissimilarity in species composition and agricultural land cover within 1 km (rM
= 0.16) after accounting for all other landscape-, microhabitat-, and regional-scale factors,
as well as geographic position. It is important to note here that Mantel r statistics tend to
be much smaller than correlation coefficients, and are often significant at values < 0.10
(Dutilleul et al., 2000; Goslee, unpublished manuscript).
Differences in abundances of five of the seven snake species were significantly (P
≤ 0.05) associated with one or more landscape-scale factor (Partial Mantel test, Table 3.4),
after accounting for all other landscape-, microhabitat-, and regional-scale factors and
geographic position. Differences in the abundance of T. sirtalis sirtalis varied
significantly with both the combined sets of landscape-scale (rM = 0.23) and microhabitat
features (rM = 0.20) after accounting for the environmental factors at the other scales and
geographic position. Differences in the abundance of C. constrictor foxii also varied
significantly with differences in the combined set of landscape-scale factors (rM = 0.33).
Differences in the abundance of two of the seven species (C. constrictor foxii and L.
vernalis) were correlated (P ≤ 0.05) with geographic position after accounting for
environmental factors at all scales.
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Table 3.3: Simple (top) and partial (bottom) Mantel correlations, with p-values in
parentheses, of dissimilarity in relativized snake species composition and occurrence
with microhabitat, landscape-level factors, regional scale, and geographic distance.
Snake Species
Composition

Microhabitat
Variables

Landscape-Level
Variables

Regional
Variables

Geographic
Distance

NS

NS

0.20 (0.015)

0.27 (0.002)

NS

0.34 (0.001)

0.22 (< 0.001)

0.39 (0.005)

NS

Snake Species
Composition
Microhabitat
Features
Landscape-Level
Features

NS
NS

NS

Climate Variables

NS

0.29 (0.009)

0.38 (0.006)

Geographic
Distance

0.20 (0.007)

NS

NS

0.34 (< 0.001)

Snake Species
Occurrence

Microhabitat
Variables

Landscape-Level
Variables

Regional
Variables

Geographic
Distance

0.21 (0.028)

NS

0.31 (0.005)

0.22 (0.009)

NS

0.34 (0.001)

0.22 (< 0.001)

0.39 (0.005)

NS

Snake Species
Occurrence
Microhabitat
Features
Landscape-Level
Features

NS
NS

NS

Climate Variables

NS

0.26 (0.018)

0.36 (0.008)

Geographic
Distance

NS

NS

NS
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0.41 (< 0.001)

0.41 (< 0.001)
0.34 (< 0.001)

Table 3.4: Landscape-level metrics significantly (at P ≤ 0.05) related to the abundance
and occurrence of individual snake species as determined by partial Mantel tests;
partial Mantel correlations are seen in parentheses. NS = No significant correlation.
Species
Coluber constrictor foxii
Elaphe vulpina vulpina

Landscape-Level Metrics Related to
Abundance
Occurrence
Distance to Anthropogenic Edge (0.25) Distance to Anthropogenic Edge (0.29)
Urban Land Cover 10 km (0.24)
Grassland Change (0.18)
NS

Heterodon nasicus

NS

NS

Liochlorophis vernalis

NS

NS

Storeria dekayi

Distance to Grassland Edge (0.41)

Thamnophis radix radix

Proximity Index (0.18)

Distance to Grassland Edge (0.41)
Road Density within 1 km (0.27)
Proximity Index (0.23)

Thamnophis sirtalis sirtalis

Urban Land Cover 1km (0.27)
Urban Land Cover 10 km (0.18)

Agricultural Land Cover 1km (0.27)
Urban Land Cover 10 km (0.18)
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3.3.3 Occurrence responses
Ordination of snake occurrence provided a 2-axis solution with a final minimum
stress of 16.949 (Figure 3.2). Axes 1 and 2 represented 51.1% and 34.8% of the total
variance in original species space, respectively. Axis 1 was not significantly (P ≤ 0.05)
correlated with any landscape-scale factors. Axis 2 was correlated with two landscapescale factors: proximity to other grassland patches (r = -0.70) and road density within 1
km (r = -0.61).
Mantel tests revealed that overall dissimilarity in snake species occurrence
among-sites was not significantly (P ≤ 0.05) related to dissimilarity in the combined set
of landscape-scale factors after accounting for microhabitat, regional-scale factors, and
geographic position (Table 3.3). Additionally, Mantel tests did not reveal a significant (P
≤ 0.05) correlation between dissimilarity in species occurrence and the site proximity
index or road density within 1 km after accounting for the other environmental factors
and geographic position. However, a significant correlation was found between
dissimilarity in species occurrence and agricultural land cover within 1 km (rM = 0.19)
after accounting for the other environmental factors and geographic position.
Partial Mantel tests showed that differences in the occurrence of individual snake
species among-sites were significantly associated (P ≤ 0.05) with differences in specific
landscape-scale factors for four of the seven species (Table 3.4), after accounting for all
other landscape-, microhabitat-, and regional-scale factors and geographic position.
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Figure 3.2: Ordination of raw snake species occurrence data based on non-metric
multidimensional scaling, showing landscape-level metrics associated with each of
the ordination axes. Cluster groups are represented by different symbols and each
plot is labeled numerically. Species centers are designated by “+”. COCO = C.
constrictor foxii; ELVU = E. vulpina vulpina; HENA = H. nasicus; OPVE = L. vernalis;
STDE = S. dekayi; THRA = T. radix radix; and THSI = T. sirtalis sirtalis.
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Differences in the presence of the two Thamnophis species were related to different
landscape-scale factors. Differences in T. sirtalis sirtalis occurrence were related to
differences in degree of surrounding agricultural land development (rM = 0.27) and
proportion of urban land cover within 10 km (rM = 0.18), whereas differences in T. radix
radix occurrence were associated with the site proximity index (rM = 0.23). In addition to
these snake-habitat relationships with individual landscape factors, dissimilarity in the
occurrence of one species, C. constrictor foxii, was significantly related to overall
differences in landscape-scale factors. No significant relationships were found between
the occurrence of an individual species and overall differences in microhabitat or
regional-scale factors. Among-site dissimilarity in snake species occurrence was
correlated with differences in geographic position for three of the seven species (P ≤
0.05) after accounting for environmental variables at all scales: C. constrictor foxii, L.
vernalis, and T. radix radix.

3.4 Discussion and conclusions
3.4.1 Evidence of snake population declines in the American
Midwestern Prairie
Anecdotal evidence indicates that snakes were once very abundant in the
prairies of Illinois. In 1840, W. S. Pearse stated that “the snakes are awfully thick”
(Pearse, n.d. in Greenberg, 2002). Discussing this region in the 1860s, H. Eenigenberg
stated “a few farm boys would get together and kill four or five hundred snakes [emphasis
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added] of all kinds in one drive, and they were big fat fellows too” (Eenigenberg, 1935 in
Greenberg, 2002). By 1947, after five months of weekly collection along pre-planned
routes Seibert and Hagen were able to find 383 snakes in a 3.2 acre field south of
Chicago. With intensive collection over many months, and twice as many site visits as
Seibert and Hagen over a much larger area, using the most effective known capture
methods (Fitch, 1992; Enge, 2001; Ryan et al., 2002), I only captured 120 snakes.
Additionally, Illinois Natural History Survey (INHS) records show that between
1929 and 1990 eleven snake species, known to occupy prairie and wet prairie habitat,
were found in the counties in which the current study took place. In this study, only
seven species were found, which is consistent with other studies in the region, e.g.,
Mierzwa (1994) captured six species in Illinois savannas. The comparison of anecdotal
evidence, INHS survey records, and my research findings strongly suggests that species
have recently disappeared from preserves in the region and that snake populations are
declining in Illinois’s Grand Prairie. A conservative estimate -- made by comparing my
own capture of 120 snakes in two years to, say, 400 snakes in one drive or Seibert and
Hagen’s (1947) 383 snakes -- suggests a 70% decrease in snake abundances in this region
since the mid-1800s. Although we might wish for more complete data, if the
aforementioned evidence is examined in conjunction with studies from Kansas (Busby
and Parmelee, 1996) and Indiana (Brodman et al., 2002), we can only conclude that snake
abundance and richness are declining across the American Midwest.
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Like the prairie of the American Midwest, temperate grasslands around the
world are exhibiting similar trends in agricultural conversion. For example, 19.9% of the
Daurian steppe, a grassland ecoregion covering parts of Mongolia, Russia and China,
has been converted to cropland (White et al., 2000). Overall the temperate grasslands
biome has the highest converted to protected habitat ratio, and is among the least
protected biomes in the world (Hoekstra et al., 2005). Without intervention, the status of
populations of grassland snakes and other sensitive taxa in these regions is likely to
follow a trajectory comparable to that of the North American prairie. For this reason, I
suggest that scientists and conservationists begin long-term monitoring of snake
populations (sensu Filippi and Luiselli, 2006) in the large temperate grasslands of South
America and Eurasia specifically, and work to develop conservation plans appropriate
for local snake species.

3.4.2 Assemblage or individualistic responses
NMS ordination and the environmental overlay seem to suggest that snake
assemblages sort along a gradient of urban and agricultural land cover. Yet, careful
inspection of the assemblages reveals that groups do not contain a unique assortment of
species (Figure 3.1). Instead, these assemblages are defined either by the addition of
another species to a pool of garter snakes or solely by abundances of garter snakes. The
NMS ordination and cluster analysis do suggest that (1) Thamnophis species occurrence
is ubiquitous, but Thamnophis abundances are correlated with an urban to agriculture
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land cover gradient and (2) the other species sort along this same landscape gradient.
The significant partial Mantel test between species composition and agriculture within 1
km further supports the assertion that changes in species composition occur along an
urban-agricultural cover gradient (see Results).
The way that the snake species sort along this urban-agricultural cover gradient
also reflects their relative positions along a continuum from habitat generalists to
specialists. For example, T. sirtalis sirtalis is found in a wide variety of habitat types and
is considered to be a habitat generalist (Reichert, 1999) and both L. vernalis and H. nasicus
nasicus are found almost exclusively in grassland habitats (see Phillips et al., 1999); these
species are also located at the extremes of axis 1 (correlated with the urban-agricultural
cover gradient) in the NMS ordinations (Figures 3.1 and 3.2). Studies indicate that the
richness of generalist species increases with increasing landscape diversity (Jonsen and
Fahrig, 1999; Krauss et al., 2005). Moreover, agricultural intensification is associated with
a decrease in habitat diversity, which is then associated with a decline in biodiversity
(Benton et al., 2003). This evidence and the parallel trend in the habitat specificity of
snake species in this study suggest that the urban-agricultural cover gradient seen here
really represents a metric of landscape-scale habitat diversity. In this system specifically,
the areas with relatively more urban development (in contrast to agricultural
development) also include a greater variety of land cover types, such open-lands for
recreation, forest preserves, retention ponds, since urban cover never exceeds 17% of the
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surrounding landscape. By comparison, areas dominated by agricultural cover, which
can account for up to 90% of the surrounding landscape, are more uniformly
characterized by croplands dissected each mile by rural roads. It is also important to
note that a habitat diversity gradient alone would not explain the absence of specialist
species from grasslands surrounded by a diverse array of both natural and human
modified land cover. I suggest that specialists may disappear from these areas because
they are out-competed by the increased numbers and diversity of generalist snake
species.

3.4.3 Occurrence and abundance responses
The NMS ordinations of snake species occurrence initially seems to suggest that
snake occurrence and abundance are related to different landscape-scale factors. Partial
Mantel tests indicated that the differences seen are likely an artifact of multicollinearity
amongst environmental features, and that both snake species abundance and occurrence
are largely associated with the amount of agricultural cover within 1 km (see Results).
This result is consistent with the findings of Luiselli and Capizzi (1997) who, in their
study of a fragmented Mediterranean woodland, also noted that a single landscape-scale
variable (in this case fence rows) was related to both snake occurrence and abundance.
The relationships among landscape-scale factors and the abundance or
occurrence of individual snake species, as demonstrated by partial Mantel tests, are also
largely the same, with a few exceptions (Table 3.4). For example, the occurrence of two
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species, C. constrictor foxii and S. dekayi, was related to the same features as their
abundance, as well as to additional landscape factors. In addition to distance to
anthropogenic edge, C. constrictor foxii occurrence was associated with the amount of
urban land cover within 10 km. S. dekayi occurrence was related to both distance to
grassland edge (as was abundance) and also road density. It is difficult to explain why
some features (e.g., road density) would be positively related to the occurrence of an
individual species, but not its abundance. Further study is needed to both confirm and
explain these findings.
Additionally, it is important to note here that no species-specific landscape
correlations were found for either the abundance or presence of H. nasicus nasicus or L.
vernalis. This is likely due to a deficiency of data for these two species, as only five total
individuals represent these species in this study.

3.4.4 Preliminary conservation guidelines
The results of the current study suggest some preliminary conservation priorities
for the effective management of snake populations. First, the differences in snake
composition along the urban-agricultural gradient suggest different management
strategies based on surrounding land cover. For example, since specialist species are
rarer in urban areas, management efforts for specialist snakes should intensify in
preserves surrounded by urban and suburban land cover. Moreover, the overall decline
in abundance of snakes in agricultural regions suggests that the agricultural matrix may
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be limiting snake populations via mortality or decreased dispersal ability. Thus, the
expansion of current prairie preserves, and the assimilation of nearby patches, may be
important in facilitating dispersal between populations and increasing snake densities.
Also, since wildlife managers invested in snake conservation often work with
occurrence data gleaned from museum records, rather than abundance data, it was
necessary to determine whether simple occurrence data produces a similar picture of
snake species-habitat relationships. Although the species-habitat relationships revealed
by occurrence and abundance data in this study were largely congruent, the
inconsistencies revealed for two species suggest that management recommendations
should be based on abundance data (Table 3.4). Finally, the species-specific habitat
relationships demonstrated in this study (Table 3.4) further indicate the importance of
considering each species individually when developing management plans. Although
some generalizations can be made regarding the effects of grassland fragmentation on
snake communities and abundances, research on additional species-specific attributes –
such as demographic rates, dietary and habitat breadth, and attractiveness for illegal
trade – will better inform conservation plans (Dodd, 1993; Filippi and Luiselli, 2000).
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4. A multiscale analysis of snake species composition
and abundances from the Grand Prairie, Illinois, USA
4.1 Introduction
Snake species are declining around the world (Mount, 1975; Dodd, 1987; Gibbons
et al., 2000; but see also Filippi and Luiselli, 2006). Yet, snake conservation efforts are
impeded by a paucity of basic ecological data (Dodd, 1993). Specifically lacking are
studies of snake species-habitat relationships (Dodd, 1993; Reinhert, 1993), knowledge of
which is critical to reserve design and effectively managing animal habitats (Morrison et
al., 1992).
Initial investigations of snake-habitat relationships emerged in the mid-1900s
(e.g., Conant, 1934; Mosauer, 1935; Wright, 1941), focusing on gross habitat types (e.g.,
wetlands, sand dunes or vegetation associations). Later studies described snakemicrohabitat relationships (e.g., Hebrard and Mushinsky, 1978; Reinhert, 1984). By the
late 1980s ecologists recognized variations in species-habitat relationships at different
scales and began to emphasize the importance of multiscale studies (Morris, 1987; Wiens
et al., 1987; Wiens, 1989). Largely embraced by ecological investigations of bird and
mammal habitat (e.g., Herrando and Brotons, 2002; Grand and Cushman, 2003; Manning
and Edge, 2004; Michel et al., 2007), multiscale studies of snake populations are still
lacking (but see Moore and Gillingham, 2006).
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Although multiscale studies reflect species-habitat relationships more accurately
than single scale studies, they may provide an incomplete picture of these relationships
as investigators often do not explicitly consider the effects of interactions and
contingencies involving variables at different scales. Some analyses (e.g., classification
and regression trees, maximum entropy models) can uncover variations in species
responses resulting from complicated multiscale pathways, without these complications
being explicitly modeled a priori.
To illustrate, imagine a kingsnake species occurs in areas of dense vegetation
cover in unaltered landscapes, but is found in areas of low vegetation cover in
fragmented landscapes due to an absence of avian predators. A classification tree could
identify this interactive effect with no prior knowledge on the part of the investigator.
Identifying these complications might be particularly critical for understanding snake
species-habitat relationships, since relationships with environmental variables for small
reptile species tend to be more complex than for other taxa (Pearce and Ferrier, 2000).
Here, I use classification and regression trees (CARTs) and maximum entropy
(Maxent) models to investigate multiscale (microhabitat, landscape, and regional) snake
species-habitat relationships in the tallgrass prairie of Illinois by addressing three
questions:
1. Which habitat variables best predict snake species occurrence and
abundance?
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2. Which scales (microhabitat, landscape and/or regional) are most important in
predicting snake species occurrence/abundance?
3. Do interactions or contingencies among habitat variables across scales
explain variations in snake species composition and abundances?
By answering the questions above, I can more precisely develop causal
hypotheses and robust predictive models of snake distributions by incorporating
environmental variables at multiple scales, the revealed interactions, and other complex
habitat pathways.

4.2 Methods
4.2.1 Study area
Prior to European settlement, the North American prairie covered over 360
million hectares (Robertson et al., 1997). The prairie formed an irregular triangle across
the Midwest, the western base of which stretched south from Saskatchewan, Canada to
Texas (Robertson et al., 1997). The apex of the triangle, known as the “prairie peninsula”,
is an eastward extension of tallgrass prairie predominantly located in Iowa, Illinois, and
Indiana (Transeau, 1935). The eastern tallgrass prairie is a highly fragmented, critically
endangered ecoregion of which less than 0.1% remains (Madson, 1990; Samson and
Knopf, 1994; Noss et al., 1995).

89

This study was conducted within the Illinois portion of the tallgrass prairie
peninsula, and was approximately contained within Illinois’ Grand Prairie natural
division – a geographic region with similar soil, topography, and biota (Schwegman,
1973). Delineated by the farthest advance of the last glacial ice sheet to affect the state
(McClain, 1997), this division was previously dominated by black soil prairie. Twentytwo study sites were located in six preserves including the United States’ first national
tallgrass prairie, Midewin, and the largest remnant prairie east of the Mississippi River,
Goose Lake Prairie Preserve.
Specific information on the status of the snake fauna of the eastern tallgrass
prairie is lacking; however, in Illinois, prior to 1960 fifteen snake species occurring in
prairie and wet prairie habitats were documented within the four counties containing
study sites (Smith, 1961; Field Museum, 2001; INHS, 2003). Of these fifteen species, two
are currently listed as threatened in Illinois (Clonophis kirtlandii and Heterodon nasicus)
and one is state threatened (Sistrurus catenatus catenatus). The eastern massasauga (S. c.
catenatus) is also listed as a candidate species under the Federal Endangered Species Act.

4.2.2 Snake capture
At each of twenty-two sites, snakes were captured using a drift fence array
associated with funnel traps and tented sheet metal (Enge, 1997; Ryan et al., 2002).
Results of a pilot study in 2004 suggested that road surveys and transects were
inefficient means of finding snakes. Between May and September -- when northern
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Illinois’ snakes should occupy their summer territories (Harding, 1997) -- I visited each
drift fence array every third day for a total of 28 and 24 visits in 2005 and 2006,
respectively. Drift fence arrays, constructed from 1.2 m wide erosion-control fabric
(woven polypropylene) and wood stakes, were three-pronged, with prongs measuring 5
m in length. Six funnel traps and three sheet-metal cover objects were associated with
each drift-fence. The funnel traps were constructed out of 1.9 cm thick plywood and
aluminum screen; the internal dimensions of each trap were 60 x 20.5 x 17 cm and funnel
openings were 5 cm in diameter. These dimensions ensured that even the largest species
previously found within the study area, Pituophis melanoleucus, could be captured. The
sheet metal cover objects measured 74 x 58 cm. Upon each site visit, I looked for snakes
both within and beneath the funnel traps and beneath the sheet-metal cover objects. I
recorded the length, weight, and sex of each snake found and photographed each
individual. Snakes were also marked using ventral scale clipping (Brown and Parker
1976), to confirm that the snake populations of each site were independent from one
another. Snakes were then immediately released 30 m from the drift fence array.

4.2.3 Environmental and Spatial Data Collection
Microhabitat features, defined here as environmental factors that an individual
snake might encounter in the course of its daily activities within its summer activity
range (see Carpenter, 1982), were quantified using a geographic information system
(ArcGIS v. 9.1, ESRI Inc.) and field surveys. Ten features were specifically chosen either
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due to their use in previous studies and/or potential importance based on snake biology:
slope, transformed aspect, elevation (absolute and variation within 1 km), distance to
nearest water body, bare ground cover, an index of thermoregulatory habitat, vegetation
height diversity, soil texture (percent clay and sand), and soil bulk density (Table 4.1).
I also evaluated nine landscape-level features using GIS: distance to nearest
anthropogenic edge (e.g., urban or agricultural boundary), distance to nearest grassland
edge, proportion of urban and agricultural land cover (within 1 and 10 km), road
density (within 1 and 10 km), and the rate of grassland change (loss or gain of habitat)
between 1999 and 2003. In this study, metrics measured within a 1 km radius
represented landscape-level features within the activity range, i.e., active summer range,
of a snake. Some metrics were also measured within a 10 km radius, representing
landscape-level features within a snake’s approximate home range, including winter
hibernacula and active season grounds (Gregory, 1984).
Using digital precipitation and temperature data sets prepared by the PRISM
Group (2006) at a spatial resolution of 800 m, I calculated three climate metrics for each
study site: average annual precipitation, average maximum temperature, and average
minimum temperature. The averages of these variables incorporate data collected
between 1971 and 2000. Spatial data for this study included the geographic coordinates
of each site, determined using a GPS accurate within ± 10 m, and the preserve within
which each site was located.
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Table 4.1: Descriptions of the environmental variables used to define patterns in
snake species composition and abundance in Illinois’s Grand Prairie. Summary
statistics are provided for the data.
Variable
Microhabitat

Description
environmental variables within 100 m of drift fence center

Units

Mean

St.Dev.

Range

elev

elevation at drift fence center

m

184.9

28.0

160.0 - 250.0

elev-range

difference between average elevation and maximum
elevation

m

0.1

2.4

-2.0 - 5.0

slope

slope at center of drift fence array

%

1.2

1.6

0.0 - 6.2

soil-clay

a

a

soil-sand
a

percent clay in soil from 15 soil cores

%

44.9

26.7

5.5 - 87.9

percent sand in soil from 15 soil cores

%

23.0

12.8

7.2 - 49.8

1.03

0.14

0.78 - 1.35

--

-0.2

0.6

-1.0 - 1.0

--

0.03

0.05

0.00 - 0.13

--

1.01

0.84

0.00 - 2.40

soil bulk density from 15 soil cores

soil-bd
Tasp

g/cm

Tasp = -1 * COS (45 - aspect) (Beers et al. 1966)
average of burrow density and Braun-Blanquet (1928) cover
2
estimates for rocks and logs within 15 1m quadrats
average Braun-Blanquet (1928) cover estimates of vegetation
2
within 15 1m quadrats

therm
veg-cover
veg-height
b

water

Landscape

2

shannon index of vegetation heights within 15 1m quadrats

--

1.27

0.27

0.70 - 1.86

distance to the nearest water body

m

823.8

667.7

20.0 - 2700.0

--

0.225

0.250

0.000 - 0.909

--

0.054

0.227

0.255 - 0.909

m

197.6

132.3

30.0 - 451.0

--

0.053

0.023

0.094 - 0.111

environmental variables 1-10 km from drift fence center

c

proportion of agricultural cover within 1 km of each drift fence

ag1

proportion of agricultural landcover within 10 km of each drift
c
ag10
fence
distance of each drift fence center from the nearest nonc
anth-edge
natural cover
d proportion of grassland gained or lossed between 1999 and
grass-change
2003 within 10 km of each drift fence
distance of each drift fence center from the nearest grassland
c
grass-edge
edge
index including size of patch and distance from other
c,e
proximity
grassland patches
c

rd1

c

rd10

c

urb1

c

urb10

Regional
f

temp-max
f

temp-min

x

m

92.9

78.6

30.0 - 283.1

--

1925.3

2041.4

3.0 - 4545.9

road density within 1 km of each drift fence

--

0.052

0.029

0.000 - 0.113

road density within 10 km of each drift fence

--

0.052

0.014

0.034 - 0.071

proportion of urban landcover within 1 km of each drift fence

--

0.035

0.047

0.000 - 0.171

proportion of urban landcover within 10 km of each drift fence

--

0.075

0.061

0.004 - 0.164

800 m average annual precipitation between 1971-2000

mm

938.0

13.0

910.1 - 951.8

800 m average annual max. temperature between 1971-2000

°C

15.5

0.2

15.0 - 16.0

800 m average annual min. temperature between 1971-2000

°C

4.0

0.3

3.3 - 4.5

climate characteristics

precip

Spatial

3

f

variables representing space
northing

UTMs 41.51482

0.22454 41.08490 - 41.89701

y

easting

UTMs 88.73127

0.60782 88.13686 - 89.51519

preserve

a=sunbury, b=goose lake, c=grant creek, d=midewin,
e=nachusa, f=green river

--

a

--

--

--

soil analyses were conducted by Brookside Laboratories, Inc., New Knoxville, Ohio
data from USGS hydrologic polygons and field verification
data from Illinois Gap Analysis Land Cover Classification (Illinois Natural History Survey 2003) generated from 1999-2000
Landsat Thematic Mapper satellite images
d
data from 1999 and 2003 USDA – NASS Cropland Data layers produced from Thematic Mapper images
e
the proximity index (Gustafson and Parker 1992) was generated in FragStats (McGarigal et al. 2002)
b
c
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4.2.4 Data Analysis: Assemblage Composition
First, I classified sites based on their similarity in snake species composition (i.e.
assemblages) using cluster analysis. In this, I used group averaging, a linkage method
compatible with the use of Bray-Curtis distance matrices that preserves the properties of
species-space (McCune and Grace, 2002). This analysis, using PC-ORD 5.0 (McCune and
Mefford, 1999), was performed on a raw presence-absence matrix. I used Mantel tests to
determine the appropriate clustering level, i.e. how many groups to use. Here, a group
contrast design matrix was coded so that two samples in the same group (cluster) have a
dissimilarity of 0, while two samples in different groups have a dissimilarity of 1
(Legendre and Legendre, 1998). A Mantel correlation between compositional
dissimilarity and the group contrast matrix indexed the extent to which dissimilarities
among groups were large relative to dissimilarities within groups. This test was
repeated for the range of clustering levels, and the level at which the Mantel correlation
was highest suggested the appropriate clustering level.
With such low snake abundances observed overall (see Results), it is natural to
wonder whether the communities observed at the sites are different from what I might
expect by chance alone. Given the lack of historical distribution data, I cannot answer
this question definitively. I can, however, ask whether the communities are different
from what I might expect by chance, given the snakes that were actually observed over
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the entire study area. To do this, I randomly assigned individual snakes among sites,
while holding the number of snakes observed at each site constant. I generated 100,000
randomizations. To see how unusual the observed composition of each site was
compared to the random communities, I computed Bray-Curtis dissimilarities between
each observed community and the mean composition of the randomized communities
for that site. To develop an expected distribution of site dissimilarities from the average
community, I computed dissimilarities between each random community and the mean
composition for that site. From this distribution, I were able to tally the number of times
that a random community was more unusual (had a higher Bray-Curtis dissimilarity)
than the observed community, and hence calculate a P-value of the likelihood of getting
the observed distribution of species by chance alone at each site.

4.2.5 Data Analysis: Species-Habitat Relationships
I used one classification and seven regression trees to identify environmental
characteristics important in predicting the occurrence of snake assemblages and the
abundances of individual snake species, respectively. Classification and regression trees
(CARTs) analyze how effectively measured explanatory variables account for variability
in a chosen response variable (De’ath and Fabricius, 2000). CART models are often used
to analyze the effects of direct and indirect ecological characteristics on the distribution,
abundance, and diversity of species. Classification trees use explanatory variables to
predict a categorical response variable (species presence/absence), while regression trees
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predict a numeric response variable (abundance, diversity). Trees are created by
recursively partitioning the data based on the explanatory variables that best distinguish
among response variables; each split is performed to maximize within-group
homogeneity while maximizing between-group heterogeneity (De’ath and Fabricius,
2000). I used CARTs because they are one of the most intuitive means to exploring
multiscale relationships. The trees clearly show interactions and contingencies, and are
immune to major outliers (Friedman and Meulman, 2003).
CARTs were created using the R statistical software package (R Development
Core Team, 2006), library “rpart” (Therneau and Atkinson, 1997), which is programmed
according to the algorithm proposed by Breiman et al. (1984). Some CART programs,
including the “rpart” library, also identify competitor and surrogate splits. Competitor
variables compete with the chosen explanatory variable in terms of splitting the
responses accurately (i.e., with low misclassification rates) and surrogate variables are
those that closely mimic the response partitioning of the chosen explanatory variable.
Surrogates are often used as substitutes for missing values of the primary splitting
variable. Here, the trees were constrained to a minimum group size of two. I increased
the complexity parameter from .01 to .05. This results in smaller, less over-fit trees that
are easier to interpret. Trees were created using 10-fold cross-validation and the 1 SE
rule (Breiman et al. 1984); this rule prunes the tree so that the estimated mean error is
within one standard error of the estimated mean error rate of the full tree.
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In recent years, maximum entropy (Maxent) approaches, derived from machine
learning, have emerged as powerful techniques for modeling species distributions (Elith
et al. 2006). Maxent estimates species distributions by finding the distribution that is
closest to uniform, given the constraint that the expected value of each environmental
variable under the estimated distribution matches its empirical average (Phillips et al.,
2004; Phillips et al., 2006). Maxent allows for a variety of species responses to
environmental variables (e.g., thresholds, non-linear), interactions among environmental
variables, and a mixture of data types (i.e., categorical or continuous) (Phillips et al.,
2006; Elith et al., 2006). Moreover, Maxent models provide better predictions for small
data sets as compared to GLMs and GAMs (Phillips et al., 2006; Hernandez et al., 2006).
Although Maxent has many strengths, when compared to CARTs it is more
difficult to understand interactions and contingencies with this technique. Yet, Maxent
does capture variables that important at different scales and these results are easily
interpretable. Hence, I use it to confirm the variables and important scales identified by
the regression trees. I was especially interested in corroborating the results of the
regression trees with Maxent because I am working with small data sets, which Maxent
handles with particular facility.
Here, I used Maxent to identify variables and scales important in determining
the distributions for individual snake species in this study area. In this, I employed
Maxent v.3.0.4-beta of the software developed by Phillips et al. using the recommended
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default settings. I relied on the heuristic analysis of variable contributions and the
jackknife test, which excludes each variable in turn and creates a model with the
remaining variables, to identify critical environmental variables for each species.

4.3 Results
4.3.1 Snake Capture
One hundred and twenty individual snakes were captured representing seven
different species: Coluber constrictor foxii, Elaphe vulpina, Heterodon n. nasicus, Liochlorophis
vernalis, Storeria dekayi, Thamnophis s. sirtalis, and T. radix. Gartersnakes (Thamnophis spp.)
accounted for 78% of total snakes captured.

4.3.2 Environmental and Spatial Data
Significant (P ≤ 0.05) Pearson product moment correlations were found among
numerous environmental variables within the same and across scale designations (Table
4.2). Some environmental variables within each scale designation were also correlated
with geographic location (i.e., northing and easting).

4.3.3 Assemblage Composition
Cluster analysis revealed six assemblages of snakes, one containing no snakes
and five composed of unique species assortments (Table 4.3). The Bray-Curtis
randomization of snakes by site showed that the composition of most sites with few
98

99

elev
elev-range
slope
soil-clay
soil-sand
soil-bd
Tasp
therm
veg-cover
veg-height
water
ag1
ag10
anth-edge
grass-change
grass-edge
proximity
rd1
rd10
urb1
urb10
precip
temp-max
temp-min
x
y

Environmenta
l Variables

1.00
0.51
0.62
-----0.45
0.43
--------0.61
----0.65
0.72
0.78
-----0.52
-----0.56
-----0.75
-0.70
-0.90
-0.72
-0.55
-0.70
0.78
0.87

elev
0.51
1.00
0.64
0.44
-0.44
----0.37
----0.41
---------------------0.48
-----0.37
-------------0.40
-0.45
-0.43
-0.48
0.47
0.42

elevrange
0.62
0.64
1.00
------------0.43
------------0.37
-------------0.40
-----------------0.49
-0.40
-0.51
-0.55
-0.49
0.52
-----

slope
----0.44
----1.00
-0.94
0.70
--------0.57
------------0.50
-0.36
-0.55
-0.60
-0.73
-0.50
-0.69
-----0.53
-0.46
-----0.45
0.48
0.64

soilclay
-0.45
-0.44
-----0.94
1.00
-0.62
---------0.54
-------------0.55
0.36
0.57
0.55
0.74
0.48
0.71
0.41
0.63
0.49
----0.52
-0.54
-0.69

0.43
--------0.70
-0.62
1.00
--------0.63
------------0.37
-----0.52
-------------0.46
-0.45
-0.48
-0.37
-----0.49
0.57
0.60

----0.37
0.43
------------1.00
0.42
---------------------------------------------------------0.38
-------------

Microhabitat
soilsand soil-bd Tasp
------------------------0.42
1.00
-------------------------------------------------------------------------

therm
0.61
0.41
----0.57
-0.54
0.63
--------1.00
--------0.50
0.63
-----0.39
-----0.52
-----0.66
-----0.66
-0.37
-----0.43
0.54
0.73

vegcover
------------------------------------1.00
-0.53
-------------------------------------------------------------

vegheight
0.65
----0.37
-------------------------0.53
1.00
0.70
0.49
-------------------------0.41
-0.54
---------------------

water
0.72
----------------------------0.50
----0.70
1.00
0.84
-0.38
---------0.63
-----0.74
-0.42
-0.77
-0.36
------------0.64

ag1
0.78
--------0.50
-0.55
0.37
--------0.63
----0.49
0.84
1.00
-------------0.75
-----0.93
-0.58
-0.95
-0.38
--------0.43
0.86

ag10
-------------0.36
0.36
-------------------------0.38
----1.00
----0.53
-----------------------------------------

-0.52
-0.48
-0.40
-0.55
0.57
-0.52
---------0.39
--------------------1.00
0.42
0.38
0.66
0.41
----0.37
0.83
0.86
0.93
-0.89
-0.61

-------------0.60
0.55
--------------------------------0.53
0.42
1.00
0.58
0.57
0.43
--------0.44
-----------------

-0.56
-0.37
-----0.73
0.74
-------------0.52
---------0.63
-0.75
----0.38
0.58
1.00
0.49
0.89
----0.74
0.63
----0.40
-0.42
-0.70

Landscape
anth- grass- grass- proxedge change edge
imity
-------------0.50
0.48
------------------------------------0.66
0.57
0.49
1.00
0.38
--------0.70
0.53
0.63
-0.50
-----

rd1
-0.75
---------0.69
0.71
-0.46
---------0.66
---------0.74
-0.93
----0.41
0.43
0.89
0.38
1.00
0.47
0.91
0.59
----0.46
-0.59
-0.92

rd10

-0.70
-----0.49
----0.41
-0.45
-----------------0.41
-0.42
-0.58
--------------------0.47
1.00
0.70
-------------0.47
-0.59

urb1

-0.90
-0.40
-0.40
-0.53
0.63
-0.48
---------0.66
-----0.54
-0.77
-0.95
----0.37
----0.74
----0.91
0.70
1.00
0.57
----0.49
-0.63
-0.92

-0.72
-0.45
-0.51
-0.46
0.49
-0.37
---------0.37
---------0.36
-0.38
----0.83
0.44
0.63
0.70
0.59
----0.57
1.00
0.81
0.91
-0.84
-0.66

-0.55
-0.43
-0.55
-------------0.38
----------------------------0.86
--------0.53
------------0.81
1.00
0.94
-0.85
-0.41

Regional
tempurb10 precip max

Table 4.2 : Significant (P ≤ 0.05) simple Pearson product moment correlations, with p-values in parentheses, among
habitat features and geographic distance between sites. See Table 1 for variable descriptions.

Table 4.3: Species composition of the six assemblages identified by cluster analysis.
“X” indicates the species found within the assemblage.
a

Assemblage
0
1
2
3
4
5

Snake Species
COCO ELVU HENA LIVE STDE THRA THSI
--------------------------------X
--------------------X
X
----------------X
--------------------X
X
X
X
--------X
X
X
--------X
X
--------X

a

COCO = Coluber constrictor foxii ; ELVU = Elaphe vulpina ; HENA =
Heterodon nasicus ; LIVE = Liochlorophis vernali s; STDE = Storeria
dekayi ; THRA = Thamnophis radix ; and THIS = T. sirtalis sirtalis
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snakes was not significantly (P ≤ 0.05) different from random, whereas the composition
of many sites with higher captures was different than expected by chance alone (Table
4.4).

4.3.4 Classification and Regression Trees
The classification tree of the six snake assemblages explained 82% of the variance
in assemblage composition, with a misclassification rate of 13.6% (Table 4.5).
Assemblage 3, consisting of only Thamnophis sirtalis sirtalis and Thamnophis radix was
found at sites with greater than 7% urban cover within a 1 km radius. The other five
assemblages occurred in areas with less than 7% surrounding urban cover and were
distinguished by variables such as preserve, landscape isolation, elevation, and again,
urban cover within 1 km (Figure 4.1).
The regression tree of Thamnophis sirtalis sirtalis abundance has five nodes and
explains 72.0% of the variance in T. s. sirtalis abundances using three predictors, slope,
soil clay, and distance to anthropogenic edge (Table 4.6). The two highest values of T. s.
sirtalis abundance are found in plots with a slope of less than 0.41°. The lowest
abundance of T. s. sirtalis occurred on sites less than 275.2 m from an anthropogenic
edge with slopes greater than 0.70°.
The regression tree of Thamnophis radix abundance has three nodes and
explains 72.6% of the variance in T. radix abundances using two predictors, preserve
and urban cover within 1 km. The two highest values of T. radix abundance occurred in
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Table 4.4: The observed Bray-Curtis dissimilarity (obsBCD) of snakes captured at
each site from the average Bray-Curtis dissimilarity of 100,000 randomized runs
(ranBCD), with the number of observations that were greater than the observed BrayCurtis dissimilarity (N > Obs) and the associated P-values.
Site obsBCD ranBCD N > Obs
1
0.764
0.794
71971
2
0.716
0.794
99999
3
0.526
0.302
5884
4
0.794
0.546
6129
5
0.252
0.244
40093
6
0.592
0.338
1955
7
0.569
0.545
39190
8
0.431
0.545
87194
9
0.254
0.204
23175
10
0.339
0.244
15914
11
0.513
0.111
1
12
0.104
0.175
89151
13
0.483
0.337
15692
14
0.618
0.656
69636
15
N/A
N/A
N/A
16
0.763
0.794
72016
17
0.711
0.470
8165
18
0.611
0.469
12969
19
N/A
N/A
N/A
20
0.826
0.545
3507
21
0.618
0.375
2913
22
N/A
N/A
N/A
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P-value
0.71971
0.99999
0.05884
0.06129
0.40093
0.01955
0.3919
0.87194
0.23175
0.15914
0.00001
0.89151
0.15692
0.69636
N/A
0.72016
0.08165
0.12969
N/A
0.03507
0.02913
N/A

Actual Values

Table 4.5: The confusion matrix for the classification tree discerning snake
assemblages, which includes the actual assemblage classification of each site (i.e.,
groups), the predicted group membership for each site, and the number of sites
representing each case of actual and predicted groups.
Groups
0
1
2
3
4
5

0
3
----1
1
---

1
--2
---------

Predicted Values
2
3
4
5
----------------3
--------4
1
------5
--------2
Success rate: 86.4%
Misclass rate: 13.6%
Total: 100.0%
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3

2

4

5

1

0

Figure 4.1: The classification tree developed to predict six compositional groups of
snakes from the tallgrass prairie of northern Illinois. To read the tree, please follow
the branch to the left, if the condition (e.g., urb1 < 0.07) is true.
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Table 4.6: Variables chosen to predict the abundances of each snake species by the
regression tree analyses.
Speciesa
COCO
ELVU
HENA
LIVE
STDE
THRA
THSI

Microhabitat
water
------------------------------------------------------slope
soil-clay

Scale of Variables
Landscape
---------anth-edge
grass-edge
urb10
urb10
rd1
urb1
anth-edge
----------

Climate
---------precip
----------------------------------------------------------------

Multi-scale
Interactions
no
maybe
---------no
no
no
no
yes
----------

Space

Notes

preserve
preserve
---------------------------preserve
preserve
-------------------

grass-change identified as an exact surrogate for preserve
y identified as an exact surrogate for precip

a

aspect identified as close surrogate for preserve
y identified as an exact surrogate for preserve

COCO = Coluber constrictor foxii ; ELVU = Elaphe vulpina ; HENA = Heterodon nasicus ; LIVE = Liochlorophis vernalis ; STDE = Storeria dekayi ;
THRA = Thamnophis radix ; and THSI = T. s. sirtalis
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Midewin National Tallgrass Prairie, with the highest abundances found at Midewin sites
with greater than 7% surrounding urban cover within 1 km. The lowest abundance of T.
radix occurred at sites outside of Midewin.
The regression tree of Coluber constrictor foxii abundance has three nodes and
explains 68.5% of the variance in C. c. foxii abundances using two predictors, distance to
water and preserve. The two highest values of C. c. foxii abundance occurred in at sites
less than 902.2 m from water, with the highest abundances occurring in sites near water
in Goose Lake Prairie and Midewin National Tallgrass Prairie. The regression tree of
Elaphe vulpina abundance has five nodes and explains 82.1% of the variance in E. vulpina
abundances using four predictors, precipitation, preserve, distance to anthropogenic
edge, and distance to grassland edge. The highest value of E. vulpina abundance
occurred in at sites with greater than 950.8 mm of average annual rainfall. The two
lowest abundances of E. vulpina were found at sites with low rainfall located in Grant
Creek Nature Preserve, Midewin National Tallgrass Prairie or Green River State Wildlife
Area, or in sites greater than 255.5 m from an anthropogenic edge in other preserves.
The regression tree of Storeria dekayi abundance has three nodes and explains
67.0% of the variance in S. dekayi abundances using two predictors, preserve and road
density within 1 km. The highest value of S. dekayi abundance occurred at sites in
Midewin National Tallgrass Prairie and Nachusa Grasslands with greater than 6% road
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cover within 1 km. The lowest abundances of S. dekayi were found at sites other than
Midewin National Tallgrass Prairie and Nachusa Grasslands.
The regression tree of Liochlorophis vernalis abundance has two nodes and
explains 64.2% of the variance in L. vernalis abundances using one predictor, urban land
cover within 10 km. The highest value of L. vernalis abundance occurred in at sites with
less than 0.6% urban cover within the surrounding 10 km.
The regression tree for Heterodon nasicus nasicus, of which only one specimen was
captured, has two nodes and explains 32.2% of the variance in H. n. nasicus abundance
using one predictor, urban cover within 10 km. The highest value of H. n. nasicus
abundance occurred at sites with less than 0.5% urban cover within 10 km.

4.3.4 Maxent Models
Maxent models of species distributions for the seven snake species were
successfully built (see Table 4.7). Most models incorporated landscape and/or
microhabitat variables. Only one model included a regional variable i.e., maximum
temperature for Coluber constrictor foxii. Six of the seven models included either
geographic position or preserve.
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Table 4.7: Rankings for variables used in the Maxent models to predict the
occurrences of each snake species with area under the curve (AUC) value.

Environmental
Variables
Microhabitat
elev
elev-range
slope
soil-clay
soil-sand
soil-bd
Tasp
therm
veg-cover
veg-height
water
total microhabitat:
Landscape
ag1
ag10
anth-edge
grass-change
grass-edge
proximity
rd1
rd10
urb1
urb10
total landscape:
Regional
precip
temp-max
temp-min
total regional:
Spatial
x
y
preserve
total spatial:
Overall Total:
AUC:

a

Snake Species
COCO ELVU HENA
LIVE
STDE THRA
------------14.1%
----------------7.3%
1.1%
----------------------------------------------------------1.3%
----1.1%
--36.4%
--------------4.8%
------2.8%
3.4%
--21.7%
----------35.8%
1.1%
0.0% 46.5%
5.8%
4.8%
------------12.2%
--------13.8%
------------------------------------------------------0.2%
--18.4%
------------------------0.7%
91.1%
----19.0%
--------0.9%
----12.9% 91.1%
0.0%
1.1%
19.0% 32.2%
------------------------5.6%
----------------------5.6%
0.0%
0.0%
0.0%
0.0%
0.0%
------------0.9%
----------44.8%
----49.0%
------7.8% 100.0% 3.5%
75.2% 63.0%
45.7%
7.8% 100.0% 52.5% 75.2% 63.0%
100%
100%
100%
100%
100%
100%
0.976
0.802
0.929
1.000
0.979
0.964

a

COCO = Coluber constrictor foxii ; ELVU = Elaphe vulpina ; HENA =
Heterodon nasicus ; LIVE = Liochlorophis vernali s; STDE = Storeria
dekayi ; THRA = Thamnophis radix ; and THIS = T. sirtalis sirtalis
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THSI
----7.8%
14.6%
37.2%
------------39.0%
98.6%
--1.5%
------------------1.5%
--------0.0%
--------0.0%
100%
1.000

4.4 Discussion
4.4.1 Assemblage Composition
The six assemblages identified in this study do not suggest distinct communities
of species, with the possible of exception of group five, which may represent the eastern
limit of some western species. Rather, these assemblages are likely derived from
extinctions, as suggested by the capture of only seven of the historical fifteen species
found in the study area, as well as the nested nature of four of the assemblages, i.e.,
groups 1, 2, and 3 represent a subset of the species represented in group 4.
Additionally, it is difficult to assess the robustness of these assemblage
designations to sampling error. An obvious place for misclassification error is in cases
where assemblages are differentiated by only one species (Table 4.4). For example,
group 1 is represented by two sites with one individual Elaphe vulpina each, whereas
group 0 indicates sites where no snakes were captured at all. In this case, the difference
between group 1 and group 0 is only one snake, which is not a particularly robust
designation.

4.4.2 Multiscale Patterns in Assemblage Composition
The occurrence of the six compositional groups of snakes in this study was
chiefly explained by environmental characteristics at just one scale: the landscape scale.
The particular landscape characteristics dominating the prediction tree quantified patch
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size, landscape isolation, and land cover (i.e., proximity and urban cover), metrics that
strongly co-vary with the amount of habitat loss (Bender et al., 2003; Fahrig, 2003). This
suggests that grassland habitat loss has largely shaped the current composition of snake
communities in the remnant prairies of northern Illinois.
The limited relationship between snake species composition and other physical
determinants of species distributions, such as biogeographic barriers and climate (Brown
et al., 1996; Burbrink, 2002; Walther et al., 2002) support the relative importance of
landscape change in this system. In the current analysis, the patterns of spatial variation
(represented by geographic location and preserve) in snake species composition did not
correspond with the physical boundaries within the study area, such as major rivers (i.e.,
Illinois and Des Plaines rivers) and glacial moraines. In this system, even a characteristic
western species (i.e., Heterodon n. nasicus) has crossed the largest regional biogeographic
barrier, the Mississippi River, into Illinois. Moreover, none of the three climate variables
(precip, temp-min, temp-max) appeared in the prediction tree or as
competitor/surrogate variables, despite longitudinal differences in precipitation and
temperature, caused, in part, by the lessening effects of the Rocky Mountain rain
shadow and the proximity of Lake Michigan (Greenberg, 2002). The apparent
importance of landscape patterns in relation to assemblage structure might indicate a
potential threat to snake populations as the challenges that come with anthropogenic
land use change (e.g., roads, lack of habitat) create an additional hurdle for snakes to
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overcome as ranges shift due to climate change (see Walther et al., 2002; Opdam and
Wascher, 2004).
Also, a potentially important multiscale interaction between site isolation and
elevation or slope appears in the classification tree. Here, the assemblage with the
highest species richness (i.e., assemblage 4 with five species) occurred at the least
isolated sites. Within more isolated sites, an assemblage of moderate richness
(assemblage 5 with two species) was found at low elevation/slope, and assemblages of
the lowest richness (i.e., assemblages 0 and 1 with zero and one species, respectively)
were found in sites with high elevations. The correspondence among isolated, high
elevation sites and low richness assemblages deserves further study. Assuming that
isolated sites have less snake immigration (MacArthur and Wilson, 1967) and high
elevation sites presumably have more hawk predation, the duel effects of these two
processes could result in rapid species loss.
The prediction tree also indicated that some assemblages were found only in
particular preserves. The preserve effect probably does not represent dispersal limitation
for snakes, since some sites in different preserves in this study area are actually closer to
each other than sites within the same preserve. However, the preserve effect might
proxy variations in management regimes, as even adjacent preserves often have
different prairie restoration strategies (e.g., burn schedules, mowing, and herbicide use).
These different management regimes might affect the demographic behavior of
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individual snake species uniquely, thus altering assemblage composition at these
preserves. This is addressed further below.
The preserve effect could also represent land use history. For example, Sunbury
Railroad Prairie Preserve was formerly a railroad right-of-way that may have had
frequent fire ignitions. By contrast, Midewin National Tallgrass Prairie previously
supported an arsenal for the U.S. Army and has a long history of cattle grazing. These
variable former histories could have had differential effects on local snake extinctions
and colonizations, which also would be reflected in the current snake species
composition of sites in each preserve.
In our estimation, the data suggest that the present composition of these study
sites is largely determined by both landscape history and current processes. It is likely
that habitat loss resulted in the isolation of some sites, after which a number of snake
species disappeared. These processes might still be in progress, especially in the case of
snake species with lengthy migrations or dispersal events. Additionally, the preserve
effect suggests that prairie management might also influence current snake distributions
in this system.
Pearson (1986) recognized three factors that influence patterns of species cooccurrence: predator-prey relationships, competition, and physical features. Only
physical factors were considered here, and those environmental and spatial features
accounted for 82% of the variance in assemblage occurrence. However, predator-prey
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relationships, as well as inter- and intra-specific competition and unquantified
environmental variables likely account for the remaining variance. More specifically, the
effects of inter-annual and spatial stochasticity in weather on snake species composition
in this study area were unexplored. In 2005, parts of the Midwest experienced a severe,
localized drought (Lott and Ross, 2006), which did not affect all of northern Illinois
uniformly (PRISM data). The variations in precipitation could have resulted in unequal
effects on the amphibian prey populations or even in the direct mortality of snakes from
desiccation. Additionally, although predators of snakes, including opossums, raccoons,
foxes and coyotes, are found statewide, differences in local cultures (e.g., acceptability of
hunting) and traffic intensity might cause variation in mesopredator densities across
northern Illinois (see Adams and Geis, 1983). These possible variations have not been
addressed by the current study. Finally, it is difficult to assess the role of competition in
this system. Interspecific competition among some snake species (e.g., Nerodia sipedon
and Nerodia rhombifer) has been documented (Himes, 2003), but the particular
relationships among the snakes in this study are unknown.

4.4.3 Multiscale and Spatial Patterns in Individual Snake Species
Abundances
CART analysis can be used to assess the interactions among variables. In this
case, the analyses highlighted both the scales of importance in predicting individual
snake species abundances and interactions among these scales. The results of the Maxent
models are used here to confirm the general patterns of occurrence exhibited by each
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species. Six of the seven regression trees for individual snakes species (all except Coluber
constrictor foxii), and four of the Maxent models (see Table 4.7), contained landscapescale habitat variables. This result suggests that landscape-level features are of particular
importance in determining the abundance and/or occurrence of individual snake
species. Snakes interact with their landscape intimately, traversing hundreds of meters
in search of food and mates during their active season and sometime kilometers to find
appropriate hibernacula (Gregory, 1984). Interestingly, microhabitat features only
appeared in the regression trees of two species (C. constrictor foxii and Thamnophis sirtalis
sirtalis) (and were further supported by the Maxent models), and only the latter case
included interactions with landscape scale features. This further emphasizes the
importance of landscape in this system.
The abundances of four species (Coluber constrictor foxii, Elaphe vulpina, Storeria
dekayi, and Thamnophis radix) were predicted, in part, by preserve (also supported by the
Maxent models). In two of these cases, variables highlighted as surrogates or
competitors (Table 4.6) in the regression tree analyses served as more intuitive
predictors of individual snake abundances than the preserve effect. For example, C.
constrictor foxii abundances, in areas with water less than 902.2 meters away, were
predicted equally well by preserve and the percent of local grassland gain or loss
between 1998 and 2003 (i.e., grchg variable). Both metrics could be related to variations
in burn regimes and management at the sites, although the amount of grassland change
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could also represent local trends in land use change in recent years. In the case of S.
dekayi, aspect served as a surrogate variable for preserve. As aspect quantified both soil
moisture and thermoregulatory conditions, and is associated with snake habitat
selection in other studies (e.g., Pringle et al., 2003), it is probably more appropriate as a
predictor of Storeria dekayi abundance than preserve, in this model.
The preserve effect also emerged as the primary split in the tree of Thamnophis
radix abundances, with sites at Midewin National Tallgrass Prairie hosting high
numbers of this species (averages: 2.5, 7.0), and sites at other preserves containing much
lower abundances (average: 0.2). Here, the preserve variable also corresponded exactly
with easting (y). Neither climate nor biogeographic features can account for this
correspondence, since climate variables did not appear in the model and the
biogeographic distribution of T. radix extends significantly west of Illinois. In this case, it
is possible that preserve management accounts for the prevalence of T. radix at Midewin,
since this species was not found in abundances at sites within 1 km of Midewin located
in preserves with different management regimes.
Preserve also predicted variations in Elaphe vulpina abundances in areas with less
than 950.8 mm of average annual rainfall (precip). After precipitation isolated two sites
with the highest abundances of E. vulpina, high overall abundances of this species were
found at three preserves: Sunbury, Goose Lake, and Nachusa Grasslands. Here, no
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obvious variations in management practices differentiate these three preserves, although
variations in land use history could explain this pattern of E. vulpina abundance.

4.4.4 Future Research and Conservation Implications
The results of this study demonstrate that variables at some scales are of greater
importance in predicting snake composition and abundance than variables at other
scales. In this case, landscape level predictors dominated the CART models, suggesting
that snake conservation efforts should focus on the landscape scale; however, this
approach presents a number of fundamental difficulties.
First, the relationships between snake abundances, or species composition, and
these landscape level features are not fully understood. Landscape-level experiments –
requiring multiple, manipulatable landscapes and long term investigation – are needed
to confirm the relationship between landscape features, snake populations, and their
demographic rates. Second, if I assume that a relationship does exist between
abundances and demographic rates (sensu Holt et al., 1997), then the landscape level
predictors in this study indicate that more contiguous habitat is needed to protect snake
populations in the eastern tallgrass prairie. Yet, creating, connecting, and expanding
reserves in the tallgrass prairie is especially difficult, as so little native habitat remains.
Finally, effective protection of tallgrass prairie herpetofauna will require
attention at scales larger than isolated reserves or refugia. Consideration of landscape
and regional features is essential. To conserve snake species, possible questions that
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preserve managers might ask include: Where do snakes seen in our preserve during the
summer active season hibernate? Do they hibernate on private land? In other preserves?
Do safe corridors exist between hibernacula and summer territories? How much of the
preserve should I burn year to year? Do refugia exist within the preserve? From where
will new colonizers come? To adequately protect prairie ophidians, these landscape
level concerns should be addressed.
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5. Evaluating the Conservation Status of Illinois Snakes
5.1 Introduction
Recently, snakes have emerged as a taxon of high conservation concern (Mount,
1975; Dodd, 1987; Gibbons et al., 2000). Yet, identifying individual species at particular
risk for population declines or extinction proves problematic, as specific data on snake
population changes, demography, and dispersal are scarce (Dodd, 1993; Filippi and
Luiselli, 2000). Dodd (1993) proposed an alternative method of identifying vulnerable
snake species: using factors that impact population viability to rank each species.
In a recent paper, Filippi and Luiselli (2000) developed a ranking system to
identify species of conservation concern in Italy. This system used information on the
life history (e.g., longevity, reproductive potential), autecology (e.g., activity patterns
and adaptability of each species) and distributions (e.g., occurrence patterns and habitat
use) of individual species to determine their overall vulnerability to population declines
and extinction. Later, França and Araújo (2006) identified snake species of concern in the
cerrado of central Brazil using ranking criteria modified from Filippi and Luiselli (2000).
In both the Italian and Brazilian studies, >29% of species were considered to be highly
vulnerable. Moreover, both papers identified two categories of conservation risks for
snake species: distributional and natural history factors.

118

Here, using a slightly modified version of Filippi and Luiselli’s (2000) ranking
system, we address three questions regarding the conservation status of snake species in
Illinois, USA:
1. What is the risk of population decline for each snake species?
2. Which risk factors are most strongly associated with overall risk status?
3. Can snake species in Illinois be grouped in terms of their risk factors?
We also compare the risk designations quantified in this study to the current
NatureServe conservation rankings for Illinois snake species and suggest appropriate
conservation measures for high risk species.

5.2 Materials and Methods
5.2.1 Study Area
Illinois is situated at the edges of several ecological regions including the Eastern
Temperate Forest, Northern Forest, and the western Great Plains (CEC, 1997). Once
covered by nearly 9 million hectares of tallgrass prairie and 5.5 million hectares of
temperate deciduous forest, only 0.01% and 0.10% of these habitats remain today,
respectively (Page and Jeffords, 1991). The state has been largely modified by agriculture
and urbanization (White et al., 2005). Illinois is also home to 38 snake species, as many or
more than any other bordering state (Indiana - 33; Iowa – 27; Kentucky – 33; Missouri –
38, and Wisconsin – 21).
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5.2.2 Endangerment and Extinction Risk Factors
Ten risk factors were chosen based on their association with the survival of
snake populations (Table 5.1, see Dodd, 1993). These factors mirror those chosen by
Filippi and Luiselli (2000), with two exceptions: (1) an anthropogenic threat variable
replaced illegal trade to increase the applicability of the analysis to Illinois snakes and
(2) age at first reproduction replaced the frequency of reproduction variable because of a
lack of published data.
The data for these metrics were largely derived from available literature on each
snake species (Appendix 4). In a few cases, where data were unavailable, categories
were assigned based on the author’s experience or left without a value.

5.2.3 Statistical Analyses
To determine the risk of population decline for each of Illinois’s 38 snake species,
mean scores for the 10 metrics were calculated in accordance with the methods of Filippi
and Luiselli (2000) and França and Araújo (2006). A mean score ≤ 1 indicates species at
low risk of decline, scores > 1 and < 1.7 designate species moderately vulnerable to
decline, and a mean score ≥ 1.7 indicate high risk species. These mean scores were also
compared to Illinois NatureServe conservation rankings using a Spearman’s correlation
calculated by converting the NatureServe rankings to a numeric scale between 0 and 5.
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Table 5.1: Description of ten risk variables and ranking schemes used to evaluate the
threat status of Illinois snakes.
Risk Factors
1. Distribution Breadth (DB)

Description
species historical occurrence (from Phillips et al. ,
1998) in Illinois' counties

0
1
2
3
2. Habitat Breadth (HB)
0
species occurrence in four habitat types in Illinois:
1
forests, prairie, wetlands, and rivers/streams
2
3
3. Adaptability (AR)
0
adaptability to human-altered landscapes
1
2
3
4. Body Size (BS)
0
top to tail length
1
2
3
5. Litter Size (LS)
0
number of eggs or young
1
2
3
6. Dietary Breadth (FB)
0
percent of main prey in diet, based on taxonomic
1
orders
2
3
7. Activity Patterns/Habits (HR) categorizes the phenology and conspicuousness of each 0
1
species (species that did not fit into a particular
2
category were given the closest categorization)
3
8. Maximum Age (MA)
maximum age gleaned from records of either wild or 0
captive individuals (longevity data on wild individuals 1
2
are scarce)
3
9. Age of First Reproduction (FR) age at which females of each species produce first
0
1
offspring
2
3
10. Anthropogenic Threat (TR)
number of known anthopogenic threats to the species, 0
1
including habitat loss/degradation, prey loss (from
2
herbicides, pesticides, and other pollution, traffic
3
mortality, illegal pet trade, intentional killing by
people, and mortality from agricultural equipment

Rank
found in > 80% of counties
50-80% of counties
20-50% of counties
< 20% of counties
found in all 4 habitats
found in 3 habitats
found in 2 habitats
found in one habitat
found in urban centers
found in suburbia or farmlands
found in areas with some development or small/medium sized preserves
only found in large areas of natural habitat
> 50 cm
51-90 cm
91-130 cm
> 130 cm
> 15
10-15
5-10
<5
no specialization, no order > 30%
low specialization, main prey 30-50%
moderate specialization, main prey 50-70%
high specialization, main prey > 70%
fossorial, noctural
above-ground, nocturnal
secretive, diurnal
obvious, diurnal
> 15 years
10-15 years
5-10 years
< 5 years
one year old
two years old
three years old
³ four years old
no known threats
one threat
two threats
three threats
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State-level NatureServe rankings are based on both quantitative and qualitative
information on each species (NatureServe, 2007).
To distinguish the individual risk factors most closely associated with the overall
risk ranking, we used Mantel (1967) tests. Mantel tests use dissimilarity metrics to
determine the strength of a relationship among variables or groups of variables, i.e., a
Mantel correlation. In this case, we calculated partial Mantel correlations, which remove
the effects of other intercorrelated variables using R statistical software (R Development
Core Team, 2006), library “Ecodist” (Goslee and Urban, 2006).
Finally, we used non-metric multidimensional scaling (NMS) – a powerful
ordination technique – and cluster analysis to find discrete groups of snake species
defined in terms of their similarity in the ten risk metrics. Eight species were not
included in the NMS and cluster analysis because of missing data values: Cemophora
coccinea, Masticophis flagellum, Nerodia cyclopion, Nerodia fasciata, Regina grahamii, Tantilla
gracilis, Tropidoclonion lineatum, and Virginia valeriae. In using NMS, we departed from
the methods used by Filippi and Luiselli (2000) and França and Araújo (2006), both of
which used principal components analysis (PCA) for this purpose. Here, NMS was
chosen over PCA as our data violated both the linearity and normality assumptions
associated with PCA.
NMS analyses (Kruskal, 1964; Mather, 1976) were performed in PC-ORD 5.0
(McCune and Mefford, 1999) using 50 runs of real data and 250 randomized runs. A
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Monte Carlo significance test was used to assess whether NMS was discerning stronger
axes than expected by chance (McCune and Grace, 2002). Standard stepdown
procedures were used to find the number of axes sufficient to reduce stress in the
ordination.
Hierarchical agglomerative cluster analysis was used to identify the groups of
snake species similar in terms of the ten risk metrics. First, all possible levels (from 1
group to N-1 groups) of snake groups similar in threat factors were defined in PC-ORD
5.0 using the group-average linkage method. Once these groups were defined, we used
Mantel tests to determine how many groups to use. Here, a group contrast design matrix
was coded so that two samples in the same group (cluster) have a dissimilarity of 0,
while two samples in different groups have a dissimilarity of 1 (Legendre and Legendre,
1998). A Mantel correlation between dissimilarity in threat factors and the group
contrast matrix indexed the extent to which dissimilarities among groups were large
relative to dissimilarities within groups. The level at which the Mantel correlation
peaked suggested the appropriate clustering level.

5.3 Results
5.3.1 Analysis of Risk Factors
Mean risk scores for the 38 snake species in Illinois ranged from 0.8 for the
Common Garter Snake, Thamnophis sirtalis, to 2.4 for the Timber Rattlesnake, Crotalus
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horridus (Table 2). The average mean risk score was 1.7 (s.d. = 0.32). The highest average
score for an individual risk factor, 2.42, was calculated for habitat breadth (HB) (Table
5.2). The lowest average score for a natural history/threat factor, 1.06, was calculated for
maximum age (MA). The Spearman’s rank correlation between the mean risk scores
and the Illinois NatureServe rankings was - 0.38 (P = 0.03).

5.3.2 Mantel Tests
Partial Mantel tests, accounting for all other risk factors, revealed that differences
in six of the ten individual risk factors were significantly (P ≤ 0.05) related differences in
overall (i.e., average) risk: adaptability (rM = 0.33), habitat breadth (rM = 0.29), dietary
breadth (rM = 0.28), anthropogenic threats (rM = 0.27), distribution breadth ((rM = 0.22),
and age of first reproduction (rM = 0.17).

5.3.3 NMS and Cluster Analysis
Ordination of snake species provided a 2-axis solution with a final minimum
stress of 20.707 (Figure 5.1). Axes 1 and 2 represented 26.5% and 45.3% of the total
variance in species position in risk space, respectively. Axis 1 was highly correlated
with three variables related to species distributions: distribution breadth (DB) (r = -0.74),
adaptability (AR) (r = -0.67), and habitat breadth (HB). Axis 2 was largely correlated with
life history traits, such as body size (BS) (r = -0.76) and first reproduction (FR) (r = -0.63).
Anthropogenic threats (TR) were also correlated with axis 2 (r = -0.65).
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2
3
3
3
3
1
2
3
2
1
3
3
2
2
3
2
3
2
2.05

0
2
2
1
3
3
1
2
3
2
1
2
2
2
2
2
2
2

NESI
VIVA
CLKI
LATI
ELGU
FAAB
LACA
AGCO
TRLI
DIPU
HEPL
LAGE
NERH
OPAE
OPVE
STOC
THPR
THRA
REGR
HENA
CECO
MAFL
NEFA
COCO
ELVU
TAGR
CAAM
ELOB
RESE
AGPI
SICA
NEER
THSA
PICA
NECY
CRHO
Average:

0
1

DB

THSI
STDE

Abbreviation

2
3
3
2
3
2
3
3
3
3
2
3
2
3
2
3
3
3
2.42

2
3
3
1
2
3
3
2
3
2
3
3
2
2
2
2
2
2

1
1

HB

2
2
2
2
2
2
1
2
1
1
2
2
1
2
2
3
2
2
1.50

1
1
0
1
3
2
2
1
1
2
2
1
1
1
1
1
2
1

0
0

AR

1
0
0
3
2
2
2
0
0
3
1
3
1
2
1
3
2
3
1.29

2
0
0
1
2
2
2
1
0
0
1
2
2
1
1
0
1
1

1
0

BS

1
2
2
2
0
1
2
3
3
1
1
2
1
1
1
2
1
2
1.47

0
2
2
2
1
0
2
2
2
3
1
2
0
2
2
2
1
1

0
1

LS

3
2
3
0
2
0
1
3
3
1
3
0
3
1
2
2
3
3
1.55

0
2
1
1
1
2
1
1
3
1
2
1
2
0
1
2
1
1

0
1

FB

Risk Factorsa

1
3
1
3
2
3
3
1
1
3
3
2
3
2
3
2
2
3
2.13

2
1
1
2
1
1
2
2
1
1
3
3
2
3
2
2
3
3

3
2

HR

N/A
0
2
0
N/A
2
0
N/A
3
0
0
0
0
2
2
0
N/A
0
1.06

2
N/A
2
0
0
0
0
0
N/A
2
2
0
2
2
2
2
2
2

1
2

MA

3
1
N/A
N/A
2
2
3
2
2
3
2
2
3
2
2
2
2
3
1.86

2
N/A
1
3
1
2
2
2
1
2
1
2
2
1
1
2
1
1

1
1

FR

0
1
0
1
0
3
1
0
1
3
2
2
3
3
3
3
2
3
1.34

1
0
2
2
1
0
0
2
0
1
0
0
1
2
2
1
1
2

1
1

TR

1.7
1.7
1.8
1.8
1.8
1.8
1.8
1.9
1.9
1.9
1.9
1.9
1.9
2.0
2.1
2.2
2.2
2.4
1.68

1.2
1.4
1.4
1.4
1.5
1.5
1.5
1.5
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6

0.8
1.0

S5
S2
SNR
S1
SH
S5
S5
S2
S5
S4
S4
SNR
S2
S4/S2
S1
S4
S1
S3

SNR
S4
S2
SNR
S2
SNR
S5
S4
S1?
SNR/S4/S3
S5
SNR/S5/S4
S5
S5
S3S4
S4
S4
S5

S5
S5

S2/S3

S1
S2/S3

S1

S2/S3
S1

S2
S4

S4
S4
S1
S2/S3

S3
S4

S4

S5

S4
S5

Recalibrated ranks are based on a step wise multiple linear regression of the Wisconsin s-ranks using available data on life and natural history factors for each snake species, using the
following regression equation RANK = 7.77 - 0.9985(AR) + 0.79(BS) - 1.17(HR) - 0.81(TR).

*

SNR = unranked species, SH = believed extinct, S1? = likely imperiled (uncertain), S1 = critically imperiled, S2 = imperiled, S3 = vulnerable, S4 = apparently secure, S5 = secure (common)

b

5.4
1.5
4.6
3.8
5.0
1.4
4.0
4.6
4.8
3.2
1.4
4.2
1.6
2.6
0.6
2.4
3.4
2.2

5.2
5.6
5.0
3.6
4.4
6.2
5.0
3.6
5.6
3.8
3.1
3.6
5.2
2.4
3.6
3.6
2.2
2.4

4.2
4.6

Average Illinois S- Wisconsin Recalibrated
Ranks*
Score
Rankb
S-Rankb

DB = distribution breadth; HB = habitat breadth, AR = adaptability; BS = body size; LS = litter size; FB = dietary breadth; HR = habits; MA = maximum age; FR = first reproduction;
TR = anthropogenic threat rating.

a

LOW RISK
Thamnophis sirtalis
Storeria dekayi
MODERATE RISK
Nerodia sipedon
Virginia valeriae
Clonophis kirtlandii
Lampropeltis triangulum
Elaphe guttata
Farancia abacura
Lampropeltis calligaster
Agkistrodon contortrix
Tropidoclonion lineatum
Diadophis punctatus
Heterodon platirhinos
Lampropeltis getula
Nerodia rhombifer
Opheodrys aestivus
Opheodrys vernalis
Storeria occipitomaculata
Thamnophis proximus
Thamnophis radix
HIGH RISK
Regina grahamii
Heterodon nasicus
Cemophora coccinea
Masticophis flagellum
Nerodia fasciata
Coluber constrictor
Elaphe vulpina
Tantilla gracilis
Carphophis amoenus
Elaphe obsoleta spiloides
Regina septemvittata
Agkistrodon piscivorus
Sistrurus catenatus
Nerodia erythrogaster
Thamnophis sauritus
Pituophis catenifer
Nerodia cyclopion
Crotalus horridus

Scientific Name

Snake Species

Table 5.2 : Scores for ten variables affecting Illinois snake populations, including Illinois and Wisconsin NatureServe
s-ranks and recalibrated rankings based on Wisconsin s-ranks.

Figure 5.1: NMS ordination of the average threat ranking for each Illinois snake
species (see Table 2 for key to species abbreviations) with vectors of variables
correlated with each ordination axis, including 15 groups of snake species classified
by threat). Species acronyms are listed in Table 5.2.
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Cluster analysis distinguished 8 groups of species similar in terms of their risk metrics:
Group 1: Adaptable species with wide to moderate distributions and large litter
size (low/moderate risk) – Nerodia rhombifer, Nerodia sipedon, Storeria dekayi,
Thamnophis sirtalis;
Group 2: Conspicuous, medium-bodied species with limited adaptability and
habitat breadth (moderlate risk) -- Heterodon platirrhynos;
Group 3: Conspicuous, relatively short-lived species with limited distribution,
habitat breadth, and adaptability (moderate/high risk) -- Coluber constrictor,
Nerodia erythrogaster, Opheodrys aestivus, Opheodrys vernalis, Thamnophis proximus,
Thamnophis radix, Thamnophis sauritus;
Group 4: Small bodied species with limited fecundity, distribution and habitat
breadth (moderate/high risk) – Carphophis amoenus, Clonophis kirtlandii, Diadophis
punctatus, Storeria occipitomaculata;
Group 5: Long lived, diurnal species with low dietary specialization and
moderate adaptability (moderate/high risk) – Agkistrodon contortrix, Agkistrodon
piscivorus, Elaphe vulpina, Lampropeltis calligaster, Lampropeltis getula, Lampropeltis
triangulum;
Group 6: Long-lived, large bodied species with very limited habitat breadth and
numerous anthropogenic threats (high risk) – Crotalus horridus, Elaphe obsoleta,
Pituophis catenifer;
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Group 7: Small-medium bodied secretive, diurnal species with limited
distribution and habitat breadth (high risk) – Heterodon nasicus, Regina
septemvittata, Sistrurus catenatus;
Group 8: Long-lived, fecund, large bodies species with limited distribution and
habitat breadth (moderate risk) – Elaphe guttata, Farancia abacura.

5.4 Discussion
5.4.1 Need for Basic Biological Information
Nearly fifteen years ago Dodd (1993) stated that “the greatest constraint in
conservation planning for either individual species or entire snake assemblages in the
fundamental lack of basic biological information on most species.” Today, conservation
planning for snakes is still limited by the paucity of basic data. In this study, eight
species – six of which were categorized as at high risk in this study – could not be
included in the NMS analysis because data on either their age at first reproduction or
maximum age, or both, was unavailable. Moreover, most available maximum age data
was for captive individuals, as detailed demographic studies have not been completed
on most of Illinois’s snake species. Yet, certain life history characteristics may suggest
particular management requirements for effective conservation (Scott and Seigel, 1992;
Dodd, 1993). The need for species-specific data is especially important because
phylogenetic groups did not differ in their threat rankings in this study or in França and
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Araújo (2006), indicating that conservation requirements for snake can not be
generalized for families or genera. Demographic studies, and other research on the lifehistory of snakes, may not be particularly exciting, but they are essential to the
conservation of declining snake species.

5.4.2 The Success and Future Use of the Ranking System
One means by which to evaluate the ranking system presented in this study is to
confirm that it accurately ranks species that are accepted as either very common (e.g.,
Thamnophis sirtalis, Nerodia sipedon, Storeria dekayi) or very rare (e.g., Sistrurus catenatus,
Nerodia fasciata, Crotalus horridus) in Illinois. Then we can identify additional
incongruities between our expectation of a species conservation status, based on field
experience or published data, and the calculated rankings.
In fact, the current ranking system does give Illinois’s most common snake
species the lowest risk values (Table 5.2). When comparing species that are known to be
very rare in Illinois (or perhaps extinct, e.g., Nerodia fasciata) our ranking system
performs less well. It does capture the rarity of the Viperids (Sistrurus catenatus, Crotalus
horridus), and although Nerodia fasciata is ranked as at high risk, its rank score is less than
we might expect. Additionally, other snakes species considered endangered in Illinois
(e.g., Elaphe guttata emoryi – S2, Tropidoclonion lineatum – S1?) are only ranked as at
moderate risk in our system, indicating that the natural and life history parameters used
here are unable to capture all factors contributing to rarity.
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When identifying additional incongruities between our ranking system and
expectations, two categorizations might initially unsettle herpetologists, i.e., ranking
Diadophis punctatus and Elaphe obsoleta as at moderate and high risk of endangerment in
Illinois, rather than at low risk. Here, Diadophis punctatus was ranked as at moderate
conservation risk because it is a K-selected dietary specialist (Fitch, 1975) that is also area
sensitive (Hager, 1998). However, in Illinois D. punctatus is locally abundant (Phillips et
al., 1999). In this case, the ranking system appears to have failed to capture some aspects
of D. punctatus’s ecological history that may contribute to its unexpected success. For
example, although D. punctatus is a dietary specialist, which historically are at greater
risk of extinction (McKinney, 1997), it specializes on worms that have become
increasingly abundant in the Midwest due to the introduction of invasive European
species (Fitch, 1975). Another factor that may contribute to D. punctatus’s success is that
fire suppression has created more transitional prairie-forest habitat favored by D.
punctatus (Fitch, 1975). This being said, it is important to remember that D. punctatus’s
range is limited within Illinois and the species also tends to aggregate, leaving it
vulnerable to development pressures.
Elaphe obsoleta is another species ranked very highly in this ranking system that,
historically, is very abundant (Phillips et al., 1999). However, E. obsoleta is K-selected and
faces a number of anthropogenic threats. For example, Row et al. (2007) suggest that
current rates of road mortality in Ontario are enough to increase the extinction
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probability for this species from 7.3% to 99% over 500 years. Additionally, E. obsolete is a
long-lived species, and these are known to be particularly vulnerable to adult mortality
(Brooks et al., 1991; Congdon et al., 1994). We suggest that the reader evaluate the
individual rankings critically, while recognizing that each ranking is based on
characteristics that are understood to increase species’ vulnerability to extinction (see
McKinney, 1997).
Another way to evaluate the ranking system is to compare it to independent
conservation ratings. The ranking system presented in this study quantitatively
categorized snake species in terms of conservation risk based on ten criteria thought to
impact the population viability of snake species (Dodd, 1993; Filippi and Luiselli, 2000).
This ranking system differs significantly from Illinois NatureServe conservation ratings
(i.e., s-ranks), which emphasize expert opinion and population data, when available.
Despite these differences in approach, the two ranking systems were correlated (r = 0.38)
in regard to the ranking of Illinois snake species. However, in this case, the Illinois sranks are not necessarily reliable measures of the conservation status of Illinois’s snakes,
since these s-ranks are fairly old and need to be updated (R. Nyboer, IDNR, pers.
comm.). However, Wisconsin’s s-ranks were more recently updated (January 2004).
Here, we compared our ranking system to Wisconsin’s s-ranks for the 18 snakes species
held in common between the states (r = 0.67). To see if our ranking system could be
improved, we calibrated our ranks to the Wisconsin s-ranks using stepwise multiple
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linear regression (see Ter Braak, 1995 on calibration; Table 2). We then used the
calibration equation to re-score Illinois’s snakes (Table 2). Unlike our original ranking
system, this recalibration did not successfully rank Illinois snakes commonly accepted as
either very common or very rare. We suggest that this discrepancy is due state-level
differences in land use history, as well as the original distribution and abundances of
snake species.
Although imperfect, a quantitative ranking system based on natural and life
history characteristics believed to increase snake species vulnerability to extinction, like
that presented here, could be especially useful for evaluating the conservation status of
species for which no current population estimates exist. Moreover, it could also be used
to prioritize the study of individual species lacking state-level conservation ratings (e.g.,
Agkistrodon contortrix, Cemophora coccinea), whereby the monitoring and evaluation of
species with higher risk designations could be expedited. We suggest that conservation
boards and organizations world-wide create similar, region-specific ranking systems
that also include current population data, when available, and expert opinion to
evaluate the conservation status of snake populations in other areas.

5.4.3 Identifying Important Risk Factors
The results of the partial Mantel tests suggest that two components of risk,
distribution and natural history, largely determine overall risk of decline or extinction
for Illinois snakes species. These two categories of risk were also distinguished by
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studies of Italian and Brazilian snakes (Filippi and Luiselli, 2000; França and Araújo,
2006).
Distributional factors were most closely associated with overall risk, and
included a species’ adaptability to anthropogenic habitats, habitat breadth, and
distribution breadth. Snakes with limited distributions or narrow habitat requirements
may be particularly vulnerable to declines in Illinois, as so little natural habitat remains
in this state that ranks 49th among states in the proportion of extant natural areas (Page
and Jeffords, 1991).
In this study, two life history factors were related to the overall risk ranking of
individual snakes: dietary breath and age of first reproduction. Research suggests that
dietary specialization predispose species to extinction (Terborgh and Winters, 1980);
however, only limited evidence of this has been produced for snakes (e.g., Webb and
Shine, 1998). This gap in snake conservation research suggests a future avenue of study.
Age of first reproduction has been previously shown to influence the projected
population viability of snake species. For example, Seigel and Sheil (1999) found than
changing the age of sexual maturity in a population viability analysis for the
massasauga (Sistrurus catenatus), an endangered species in Illinois, lowered the
maximum mortality rate that would allow for population stability from 22% to 19%.
The anthropogenic threat ranking was also strongly correlated with average risk
of endangerment or extinction for snake species in this study. This metric was closely
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related to life history factors such as habits and body size (see Figure 5.1). Additionally,
Andrews and Gibbons (in press) found that body size was directly proportional to the
road mortality of snakes in the southeastern United States.

5.4.4 Characteristics and Conservation of High Risk Snakes
In grouping snake species in term of their risk factors (i.e., via NMS and cluster
analysis), a pure group of very vulnerable species emerged containing Crotalus horridus,
Elaphe obsoleta, and Pituophis catenifer. The distinguishing characteristics of these species
included their long life-span, large body size, limited habitat breadth, and numerous
anthropogenic threats. It is critically important to consider the conservation options for
species such as these. Some attributes inherent to these species (e.g., life span, body size)
can not be altered to increase the chance of their population success. However, the
effects of their limited habitat breadth and anthropogenic threats can be mitigated by
protecting and restoring the specific habitat associations of these species and increasing
public awareness of the potential threats of land use change on biodiversity.
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6. Conclusions
Here, I explore the importance of the landscape in describing snake specieshabitat relationships in the tallgrass prairie, and reconnect this result with the theoretical
framework introduced in the first chapter. I also describe my thoughts about specieshabitat modeling and offer suggestions for improving our ecological understanding of
species-habitat relationships. Finally, I share my personal motivation for the study of
snakes in Illinois’s nearly vanished prairie.

6.1 The importance of landscape-level relationships
The data presented here confirm the overriding importance of landscape-level
attributes on snake species distributions in the Grand Prairie of Illinois. Results
presented in Chapter 3 demonstrated that landscape metrics, such as the amount of
agricultural and urban cover, were strongly associated with variations in snake species
composition across sites. In Chapter 4, landscape-level metrics dominated the
classification and regression trees of snake composition and abundances, even with the
inclusion of microhabitat, regional metrics, and geographic coordinates. Finally,
analyses in Chapter 5 revealed that distributional factors, such as habitat breadth and
former distributions, largely forecast the overall vulnerability of snake species to
population declines. Below I explore three factors that likely account for the close
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association between snake species and landscape attributes: the scale of snake activity,
their intimacy with the landscape, and the quality of the landscape matrix.
The scale of snake activity is often larger than a landscape patch in the Grand
Prairie. While most prairie remnants in Illinois are less than 20 hectares in area (Herkert,
1991) many snake species, like the common garter snake, will travel several kilometers
to reach hibernacula at the end of their active season (Gregory, 1984). Some species not
only travel between hibernacula and summer grounds, but also visit communal
oviposition sites (Gregory et al., 1987). Moreover, the young of many species disperse
long distances to establish independent activity ranges (see Bonnet et al., 1999).
Additionally, snakes are intimate with their landscape in a way that many other
animal taxa are not. Snakes cannot fly over the landscape matrix that often separates
seasonal habitats, nor can they run across it quickly. Not only must snakes slide through
this matrix, with their bellies on the ground, but their journey through it may be
extended by tempting thermoregulatory habitat, e.g., pavement.
Today, the landscape matrix is inherently dangerous for snakes. In urban and
suburban areas snakes are killed by cars, people who either fear or loathe them, and by
non-native predators (e.g., cats) and mesopredators that thrive in human-modified
environments (e.g., raccoons). The agricultural matrix is no safer. Farm equipment kills
snakes roaming the fields, and often exposes and destroys their eggs. Agricultural
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chemicals may also be responsible for the decline of some snake species (Harding, 1997;
Phillips et al., 1999).
Although there are compelling explanations for why landscape-level attributes
particularly influence snake distributions, it is less clear why regional and microhabitat
features were less important in this system. Regional variables (i.e., climate) were likely
unimportant because the variations in precipitation and temperature over the relatively
small study area were rather minor. Climate would affect the larger-scale biogeographic
distributions of these species, but not their distributions in a region with a 41.7 mm
spread in average precipitation and a ~1˚C range in mean low and high temperatures.
Microhabitat has been shown to influence snake reproduction, thermoregulation, and
predator avoidance. However, the relative impact of these microhabitat relationships on
demographic rates is probably small when compared to the high mortality and barriers
to recolonization that can result from different landscape configurations.

6.2 Snakes and habitat loss: the theoretical framework revisited
In my introductory chapter, I addressed the relationship among three bodies of
theory – island biogeography, metapopulation theory, and percolation theory – in
relation to the distribution of species in landscapes with varying degrees of habitat loss.
This analysis suggested that in highly modified landscapes like the tallgrass prairie of
Illinois with less than ~20% habitat remaining, we would expect to see very isolated
fragments of habitat. Since these fragments are so isolated, only very limited
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opportunities are available for species to recolonize or disperse among habitat
fragments, making species vulnerable to extinction (sensu Brown, 1971).
In applying this framework directly to snake species in the prairie of Illinois, I
predicted that individual species would not respond to habitat loss and variations in
habitat configuration uniformly. I suggested that for large-bodied, prairie specialists
(e.g., Viperids) the agricultural and urban matrix is indeed akin to an ocean surrounding
a habitat island, thus limiting dispersal and resulting in isolated populations vulnerable
to permanent local extinction. However, in the case of adaptable, generalist species (e.g.,
common garter snake) I suggested that the urban-agricultural matrix around prairie
remnants would be less hostile, with the expected result being that garter snakes would
be able to disperse across non-prairie habitat more easily, thus having wider
distributions and larger population sizes than more specialized snake species, and
remaining less vulnerable to extinction.
The results of this study support these initial hypotheses. In fact, over half of the
historic snake fauna of the prairies in northern Illinois was undetected in the course of
this study. This suggests that a number of snake species have been extirpated (or nearly
so) from the prairie remnants in the region and that for these species the patches
comprising the 0.01% of remaining Illinois prairie were too small to support viable
populations and too isolated for recolonization to follow local extinctions.
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Additionally, of the seven species still found in these prairie remnants, half appeared to
have very limited distributions and abundances, including species recently considered
common (e.g., blue racer, fox snake). For these species, the remaining prairie probably
represents isolated habitat islands, making their populations vulnerable to extinction.
Like their extirpated predecessors, the rates of exchange, within what may fairly recently
(even up into the 1960s) have been functional metapopulations for these species, have
decreased such that the remaining populations of blue racers, fox snakes, green snakes,
and western hognoses are probably now functionally isolated.
Only the generalist garter snakes and brown snake continue to prosper in the
remnants of Illinois’s prairies -- and “prosper” is a relative term, as even common garter
snake populations appeared to have declined since the early 20th century. The common
garter snake flourishes because it is a habitat and dietary generalist with a small active
range, meaning that it can thrive in non-prairie and once it finds suitable habitat, it does
not have to encounter roads and intensive agriculture frequently. Although the plains
garter snake relies more strictly on prairie habitat, it also has the advantage of a small
activity range relative to its size. For both these species, these attributes allow
populations to be closer together creating a viable metapopulation network. By contrast,
the brown snake may be hanging on for a slightly different reason. This species is also a
generalist, but it is also very small with such a small home range that population
exchange may actually occur at the within-patch scale at most sites, rather than among
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patches. Hence, remnant brown snake populations might avoid the harmful matrix
altogether.
The species-specific information on the relative distributions and adaptability of
the snake fauna of northern Illinois’s prairies, as presented above and in Chapter 5, may
actually suggest the pattern of species loss expected in these prairie remnants. Although
it is difficult to reconstruct the order of species loss for the eight snake species that were
not detected in this study, the relative abundances of the species that were detected, as
well as an understanding of their natural history, suggests the following order of
extinction for detected species: western hognose, smooth green snake, blue racer,
western fox snake, plains garter snake, Dekay’s brown snake and lastly, the common
garter snake. The blue racers and western fox snake are so similar in dietary
specialization and body size that it is difficult to suggest which species may go extinct
first; however, the distribution of the western fox snake is marginally larger than that of
the blue racer, suggesting that the loss of the blue racer from prairie remnants would
precede the loss of the fox snake. Similarly, it is also difficult to predict whether the
plain’s garter snake or Dekay’s brown snake would be lost first. Although the plains
garter snake was found in greater abundance in this study, it was detected at fewer sites
than the brown snake. Moreover, the plains garter snake has a more limited distribution
breadth in Illinois and is more of a prairie specialist than the brown snake, suggesting
that the plains garter snake will be more quickly extirpated than the brown snake.
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Finally, to avoid or stave off these extinctions, conservation action must be taken
immediately. Since distributional factors and habitat loss are so important to snake
species distributions in Northern Illinois’s prairie habitats, effective conservation of
snake species may be particularly challenging. Efforts should facilitate safe dispersal and
migration of snake species by connecting isolated habitats, minimizing road mortality,
and reducing the hostility of the matrix (e.g., via education). If conservation efforts can
neither expand protected areas, nor extend the jurisdiction of conservation regulations,
preserve managers should emphasize the management of small snake populations.

6.3 Species-habitat relationships and distribution modeling:
comments and cautions
In this dissertation, I used a number of different analytical methods, within a
multiscale framework, to understand the distribution of snake species in the Grand
Prairie. A key objective was to dissect the mechanisms driving these species-habitat
relationships, rather than to predict snake species distributions.
Recent literature has strongly emphasized the prediction of species distributions,
often from very limited data (e.g., presence only) (e.g., Elith et al., 2006, Pearson et al.,
2007). Much of this literature calls for more predictive accuracy, but does not necessarily
promote a more sophisticated ecological understanding of species-habitat relationships.
Austin (2002, 2007) has repeatedly petitioned researchers to consider ecological, data,
and statistical models when investigating species distributions. In my own struggle to
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follow Austin’s (2002) advice, I have uncovered several means to integrating ecological,
data, and statistical models when examining species-habitat relationships.
My experience suggests that investigators should choose environmental
variables according to their understanding of ecology rather than mappability or
convenience, if their final goal is to expose the underlying processes affecting species
distributions. Often, the desired product of species distribution modeling is a map of a
species probability of occurrence. Maps themselves are visual representations of model
results, which are often very useful in discriminating model errors (sensu Urban et al.,
2002). However, to generate these maps, ecologists often rely on readily available
geospatial data that do not necessarily represent the most ecologically relevant variables.
For example, in this dissertation, had I emphasized mapping I would not have been able
to incorporate microhabitat variables. Microhabitat data was rather tediously collected
at each study site, and data on these attributes outside of the 22 study sites were
unavailable and would have taken years to collect. Yet, microhabitat characteristics were
notable in characterizing pattern of snake occurrence and abundances, especially for
smaller-bodied species. Predictions can always be mapped after an ecologically relevant
model is built, using appropriate geospatial proxies, thus yielding the best of both
worlds – deeper ecological understanding (via ecology-based models) and a useful
conservation tool (maps).
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Additionally, if the goal is to better understand the ecological processes affecting
species distributions, then correlations among variables should be identified early on.
Some investigators forego data screening prior to building models, in the hopes of
getting the greatest predictive power possible from the model. However, this procedure
can obscure the relative strength of ecological relationships. For example, in this
dissertation several environmental variables were correlated with Thamnophis sirtalis
occurrence. Mantel tests – which have been used by others to develop models of causal
hypotheses, i.e., path diagrams – revealed that after accounting for the correlation
among variables, only a few environmental variables were strongly related to T. sirtalis
occurrence. Again, I caution that accurate prediction does not necessarily correspond
with increased ecological knowledge, and investigators must clearly define the
objectives and rationale behind the analyses they choose.
In Chapter 4, I emphasized the importance of multiscale studies and the
investigation of interactions and contingencies. Examining these two aspects of species
distributions enhances both the accuracy of predictions and our understanding of
ecological relationships. Features at different scales are likely related to different
components of an animal’s biology (e.g., landscape features are related to
migration/dispersal and microhabitat features are related to thermoregulation and
predator avoidance). To understand ecologically relevant relationships more completely,
investigators must first understand single-scale relationships. After this, the scales can
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be brought together to understand the relationship between scales and uncover
dominant scales of species-habitat relationships. Exploratory techniques (e.g., CART) are
useful to investigate interactions prior to developing regression models, to ensure that
important interactions are included in the final model.
To conclude, this dissertation sought to reveal basic snake species-habitat
relationship at multiple scales and contribute to our understanding of snake ecology.
This required less of an emphasis on predictive modeling and mapping, and a greater
emphasis on exploratory techniques. Predictive modeling is an important tool in
ecological investigation and conservation, but too great an emphasis on prediction may
detract from advances in ecological understanding of species habitat relationships.

6.4 Epilogue
“For if one link in nature’s chain might be lost, another and another might
be lost ‘til the whole system of things should evanish by piecemeal.” –
Thomas Jefferson, 1799

The snakes of Illinois provide prey for majestic hawks and chatty birds, they
reduce rodent populations thus providing untold benefits to country homeowners and
prairie grasses vulnerable to the sharp teeth of meadow voles, and they have given my
family -- my mother, father, husband, and myself – a fascinating creature over which to
bond for many years. Chills run down my spine when I read of old accounts of the
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prairie, some only as old as my father, describing the countless numbers of snakes found
in rocky, riparian dens or the soft, humming rattle of the nearly extirpated massasaugas.
Chills also run down my spine when I consider that my children may not have the
chance to roam old Illinois fields and preserves searching for these elusive creatures.
What sort of people will my children become, if they can’t experience the thrill of
finding such misunderstood, evolutionarily compelling creatures in the wild? Which
rarities in nature will my children and I contemplate together, if so many of nature’s
wonders are eradicated by human endeavors? This is not something I wish to find out,
and perhaps this dissertation is my means of staving off the possibility that I ever will.
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Appendices
Appendix 1: Plant species identified by author at 22 study sites in Grand Prairie of
Illinois from between May 2004 and September 2006. SB = Sunbury Railroad Prairie
Preserve, GC = Grant Creek Preserve, and GR = Green River Wildlife Refuge.
SB Gooselake
Plant Species
Scientific Name
Common Name
1 2 3 4 5
Achillea millefolium
yarrow
X
Agrostis alba
redtop
Amorpha canescens
lead plant
Andropogon gerardii
big bluestem
X
Anemone spp.
anemone
Antennaria plantaginifolia
pussytoes
Apocinum cannabium
indian hemp
X
Asclepias incarnata
swamp milkweed
Asclepias sullivantii
prairie milkweed
X
Asclepias syriaca
common milkweed
X
Asclepias variegata
white milkweed
Asclepias verticillata
horsetail milkweed
Baptisia alba var. macrophylla
white wild indigo
X
Baptisia bracteata bracteata
cream indigo
Bromus inermis
Hungarian brome
Bromus japonicus
Japanese brome
X
Calystegia sepium
hedge bindweed
X
Carex buxbaumii
Buxbaum's sedge
X
Carex pennsylvanica
Penn sedge
Carex scoparia
broom sedge
X
X
Chamaecrista fasciculata
partridge pea
X
X
Cichorium intybus
chicory
Cirsium vulgare
bull thistle
Cisium hillii
Hill's thistle
Coreopsis lanceolata
lance leaved coreopsis
Cuscuta spp.
dodder
X
Dactylis glomerata
orchard grass
Daucus carota
Queen Anne's lace
Dianthus armeria
deptford pink
Dipsacus fullonum
teasel
Echinacea pallida
pale purple coneflower
Elaeagnus angustifolia
Russian olive
Erigeron annuus
daisy fleabane
Erygium yuccifolium
rattlesnake master
X
X
Eupatorium perfoliatum
common boneset
Euphorbia corollata
flowering spurge
Euthamia graminifolia
grass leaved goldenrod
X
Festuca ovina
fescue
maybe
Helianthus annuus
western sunflower
Juncus effusus
soft rush
X
Lespedeza capitata
round headed bush clover
Liatris aspera
rough blazing star
Liatris pycnostachia
prairie blazing star
X
Lithospermum canescens
hoary puccoon
X
Lotus corniculatus
butter and eggs or bird's foot trefoil
Lupinus perennis
wild lupine
Monarda fistulosa
wild bergamot
Oxalis violacea
violet wood sorrel
X
Panicum virgatum
switch grass
X
Parthenium integrifolium
wild quinine
Pastinaca sativa
wild parsnip
Penstemon digitalis
foxglove beardstongue
Phleum pratense
Timothy
Phlox spp
phlox
X
Physostegia virginiana
obedient plant
Potentilla simplex
cinquefoil
Prunus spp.
American plum
Pycnanthemum virginianum
common mountain mint
Ranunculus spp.
rununculus
Ratibida pinnata
grey headed coneflower
X
Rosa carolina
pasture rose
X
Rosa multiflora
multiflora rose
Rubus spp.
blackberry
Saponaria officinalis
bouncing bet
Schizacharium scoparium
little bluestem
Secuigera varia
crown vetch
Senecio pauperculus
balsam ragwort
Silphium laciniatum
compass plant
X
Silphium terebinthinaceum
prairie dock
X
Sisyrinchium campestre
blue eyed grass
Solidago speciosa
showy goldenrod
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Appendix 2: Descriptions of the snakes of the Grand Prairie

A description of the ophidians of interest in this study, including the date and
location of their original species or subspecies descriptions, current range, and habitat
description, follows. Data regarding the range overlap of snake species within the
historical tallgrass prairie were calculated, by the author, by digitizing range maps
provided by the publishers of the Conant and Collins (1991) field guide and overlaying
Robertson et al.’s (1997) figure of the tallgrass prairie using GIS. These range maps are
found in the Appendix 3.

Family Colubridae
Coluber constrictor foxii (Baird and Girard, 1853). The blue racer was first described by
Spencer F. Baird, the former secretary and assistance secretary of the Smithsonian
Museum, and Charles F. Girard, the Smithsonian Museum’s first herpetologist and
icthyologist, in 1853 from the type specimen collected by Reverend Charles Fox in
Grosse Isle, Michigan (Baird and Girard, 1853). C. constrictor foxii is a slender snake with
an elongate head (Tennant, 2003) and a rounded body in cross section, which along with
its smooth scales, helps distinguish it from the similar looking black rat snakes (Elaphe
obsoleta) and fox snakes (Elaphe vulpina) that have squarish cross sections and weakly
keeled scales (Harding, 1997). Baird and Girard (1853) explained that the thicker head
and body and broader scales of the blue racer differentiated it from the black racer (now
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Coluber constrictor constrictor). Conant and Collins (1991) describe the ground color of C.
constrictor foxii as a shade of greenish or grayish blue. The head is darker than the body
and is marked with a white chin and throat (Conant and Collins, 1991). The belly can be
a light blue, cream, or white (Harding, 1997). The total length of this species is 90 – 152
cm (Conant and Collins, 1991).
Coluber constrictor foxii is a diurnal snake (Harding, 1997; Willson and Rouse,
2002: Tennant, 2003) that is active from early April into October and mates from late
April to early June (Harding, 1997). In June and early July, C. constrictor foxii lays 3 -32
eggs in a concealed site, such as an animal burrow or rotted stump, which hatch in
August and September (Harding, 1997). The diet of C. constrictor foxii consists of a
diverse array of arthropods, amphibians, small mammals, birds and bird eggs (Harding,
1997; Phillips et al., 1999; Tennant, 2003). C. constrictor foxii’s predators primarily include
snake and raptors (Phillips et al., 1999).
Wisconsin, Michigan, Illinois, Indiana, and Ohio contain most populations of
Coluber constrictor foxii (Connant and Collins, 1991); the subspecies has disappeared from
Minnesota (Willson and Rouse, 2002). The pre-European extent of the tallgrass prairie
coincides with 41% of C. constrictor foxii’s current range. According to Conant and
Collins (1991) this subspecies prefers open habitats including prairies, open woodlands,
and the areas around lakes and bogs. Mammal burrows, rocks, and logs provide shelter
during periods of inactivity; while possible hibernacula consist of crayfish burrows and
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rock crevices (Harding, 1997). The home range of C. constrictor foxii ranges from 1 – 10 ha
(2.5 -25 acres) (Harding, 1997); Willson and Rouse (2002) noted even higher activity
ranges in a highly fragmented landscape.
According to Harding (1997), populations of Coluber constrictor foxii decline
rapidly in areas of intensive agricultural development, and this subspecies was also
observed to be one of the first to disappear from suburban landscapes (Minton, 1968).
Furthermore, Willson and Rouse (2002) contend that C. constrictor foxii is “relatively
intolerant of high levels of human activity”.

Elaphe obsoleta obsoleta (Say, 1823). Thomas Say, a charter member of the Philadelphia
Academy of Natural Sciences, was chief zoologist on Major S. H. Long’s 1819 – 1820
expedition along the Missouri River to the Rocky Mountains. On this expedition Say
found, and later described, the type specimen for the black rat snake (Elaphe obsoleta
obsoleta) near Fort Belle Fontaine, at the confluence of the Mississippi and Missouri
Rivers, outside of modern day St. Louis, Missouri (Say, 1823). Say (1823) described a
black ground color, with some reddish blotches, a white belly with “subquadrate black
spots”, and a white neck and throat. This large ophidian is found to be between 106.7
and 183 cm with weakly keeled scales and a divided anal plate (Conant and Collins,
1991).
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The black rat snake is diurnal in the northern part of its range (Tennant, 2003),
and active from late April through October (Harding, 1997). It mates in May or early
June, laying approximately 12 eggs in loose soil or leaf debris burrows, logs, or beneath
rock cavities; the eggs hatch in late August or September (Harding, 1997). This largely
arboreal species feeds on birds and bird eggs (Phillips et al., 1999), although small
mammals make up the largest part of the black rat snake’s diet (Harding, 1997). Its main
predators include large hawks and owls (Harding, 1997).
Elaphe obsoleta obsoleta “has the broadest range of any North American snake”
(Tennant, 2003), which extends from southwest New England to Georgia, stretching
westward to Wisconsin and then south again in a wide swathe toward Oklahoma
(Connant and Collins, 1991). In the Illinois’s Grand Prairie region, E. o. obsoleta is
predominantly found in the southern-most counties, with a few exceptions. This species
is declining over much of its range (Tennant, 2003) and is uncommon to rare in a large
area of the Great Lakes region (Harding, 1997). According to Harding (1997) populations
of black rat snakes may be seriously threatened by the combined effects of habitat
degradation and human persecution (both inadvertent and purposeful). Part of this
species’ conflict with humans may be due to it preference for living near human
dwellings (Tennant, 2003). E. o. obsoleta is also found near deciduous and mixed
woodlands (Tennant, 2003), and often utilizes bordering marshes, fields, and pastures
(Harding, 1997). Although black rats snakes often find shelter near old foundations and
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barns (Harding, 1997), this species hibernates communally in underground hibernacula
(e.g., large mammal burrows and deep rock crevices; see Harding, 1997) (Blouin-Demers
and Weatherhead, 2002). Weatherhead and Hoysak (1989) found the activity range of
male and female black rat snakes to be, respectively, 7.57 and 1.41 ha. The divergence
between male and female range sizes was also supported by a 1963 study by Fitch that
found black rat snake homeranges to be 11.7 and 9.3 ha for males and females
respectively (Macartney et al., 1988).
Additional Note: Blouin-Demers and Weatherhead (2002) used Elaphe obsoleta obsoleta as
model species in the first study to assess the spatial patterns of a complete network of
hibernacula. They found that the average distance between hibernacula was less than
the average distances that reproductive individuals were found from the hibernacula
during mating season. Their study indicated that the movement patterns of black rat
snakes indicate out-breeding among hibernaculum populations, as is consistent with
genetic analyses (Blouin-Demers and Weatherhead, 2002).

Elaphe vulpina (Baird and Girard, 1853). Baird and Girard1 first described the western fox
snake (Elaphe vulpina) in 1853, based on a type specimen collected by Dr. P. R. Hoy in
Racine, Wisconsin (Baird and Girard, 1853).

See brief description of Spencer F. Baird and Charles F. Girard found within the description of the blue
racer (Coluber constrictor foxii).

1

177

The fox snake is a large ophidian, usually found to be with 91 – 137 cm long with
a yellowish to dark brown ground color and dark dorsal blotches (Conant and Collins,
1991); its belly color is cream to yellow, marked with “squarish dark spots” (Harding,
1997). E. vulpina can be separated from the eastern fox snake (E. gloydii) by the number of
dorsal spots, 41 and 34 respectively (Conant and Collins, 1991). Additionally, E. gloydii
often has a reddish head (Conant and Collins, 1991). The western fox snake has weakly
keeled scales and a divided anal plate. It should be noted that Gardner (2003) suggested
that all fox snakes east of the Mississippi River should be considered E. gloydi, rather
than only the disjunct populations surrounding Lake Erie, based on cytochrome b and
ITS-1 analysis.
Elaphe vulpina is a diurnal snake, active from mid-April through October
(Harding, 1997). Like the black rat snake (E. obsoleta obsoleta), male western fox snakes
engage in ritualized combat, vying for mating success (Harding, 1997). According to
Harding (1997), mating occurs in April or May with females depositing 7 -27 eggs in
loose soil or decaying logs in late June or early July, which hatch around mid-August
and early September. Adult western fox snake generally consume small mammals,
including rodents and lagomorphs (Harding, 1997; Tennant, 2003), while juveniles
consume young rodents and birds, insects, and small herpetofauna (Tennant, 2003).
Predators of the western fox snake include birds of prey and predatory mammals
(Harding, 1997).
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Most of the range of Elaphe vulpina is contained within Wisconsin, northern
Illinois, and Iowa (as seen in Conant and Collins, 1991). In Illinois, E. vulpina is most
common in the Grand Prairie region (Phillips et al., 1999); and the historical tallgrass
prairie coincides with 66% of this species current range. According to Harding (1997),
the western fox snake’s southern and western habitat associations include prairie,
pasture, and farmland, while it occupies open woodlands and forest edge in the
northern portion of its range. This serpent tends to be secretive, and is most often found
in areas with plentiful ground cover (Tennant, 2003). E. vulpina in Missouri were
calculated to have a mean homerange of 37.55 ha (Shew, 2004). This species is beneficial
to farmers and gardeners, as it eats rodents (Harding, 1997), but it is frequently the
victim of road mortality and confused for other species, including the copperhead
(Harding, 1997). Harding (1997) also believed that intensive agriculture could lead to
declines and local extirpation of the western fox snake.

Lampropeltis calligaster calligaster (Harlan, 1827). Credit for the original description of the
prairie kingsnake (Lampropeltis calligaster calligaster) is given to Richard Harlan, an early
19th century American naturalist, whose is most famous for his work as a paleontologist
and comparative anatomist. Harlan (1827) and Kennicott (1859); however, both
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acknowledge Say2 when describing this species. Additionally, Harlan’s (1827) species
description only mentions L. calligaster calligaster inhabiting Missouri, making it likely
that this is where the type specimen was collected.
All members of the genus Lampropeltis have shiny, smooth scales, an undivided
anal plate, are ophiophagous and resistant to a number of pitviper venoms (Tennant,
2003). Lampropeltis calligaster calligaster has a brownish gray to tan ground color
(Connant and Collins, 1991) overlain by “50 – 55 irregular brown vertebral saddles” and
smaller lateral blotches (Tennant, 2003). Occasionally, the dorsal markings split into two
longitudinal rows (Conant and Collins, 1991). Additionally, this species darkens with
age and appears to develop four longitudinal stripes (Conant and Collins, 1991). The
prairie kingsnake has a yellowish belly marked with squarish dark spots and can reach a
total adult length between 76 and 106.7 cm (Conant and Collins, 1991). The ground
coloring of the similar mole kingsnake (Lampropeltis calligaster rhombomaculata) is lighter
and it has more dorsal markings than the prairie kingsnake (Tennant, 2003).
Lampropeltis calligaster calligaster is diurnal, nocturnal, or crepuscular depending
on the weather and season (Tennant, 2003). This species mates in April or May, shortly
after rousing from hibernation (Phillips et al.., 1999), and lays 6 – 17 eggs in late June or
July (Tennant, 2003). Fitch (1978) found the average clutch size to be 8.7 eggs. The
fossorial hatchlings (Tennant, 2003) emerge from their eggs in August and September

2

This is likely Thomas Say, briefly described previously along with the description of Elaphe obsoleta obsoleta.
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(Phillips et al., 1999). Although the prairie kingsnake infrequently consumes amphibians
and reptiles, this ophidian prefers to eat small mammals (Tennant, 2003). It is preyed
upon by mammals and other snakes (Phillips et al., 1999), rather than birds of prey due
to its secretive and fossorial nature. As noted by Tennant (2003), this species often uses
rocks, grass tussocks, and mammal burrows for cover.
The range of Lampropeltis calligaster calligaster covers a swathe starting in western
Indiana, stretching west toward extreme southeastern Nebraska and south towards
eastern Texas and Louisiana (see rangemaps by Conant and Collins, 1991; Tenant, 2003).
The prairie kingsnake, as its name suggests, occupies prairies ranging from high quality
remnants to old fields (Phillips et al., 1999); it also can be found in open woodlands and
savannah patches (Conant and Collins, 1991). The ranges for males and females are 22
and 9 ha, respectively (Fitch, 1978). 29% of the prairie kingsnake’s range overlaps with
pre-European extent of the tallgrass prairie. This species was once found in most of the
southern counties of Illinois’s Grand Prairie region, but it now found in only a few (see
Phillips et al., 1999).

Lampropeltis triangulum syspila (Cope, 1889). The red milk snake, also known as the red
snake and the candy-cane snake (Conant and Collins, 1991), was first described by
Edward Drinker Cope, an aggressive and ambitious 19th century paleontologist and
naturalist in 1889 (see Case 1940 for a description of Cope’s character and temperament).
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According to Fitch and Fleet (1970), the milk snakes have “more recognized subspecies
(15) than any other American snake.”
The red milk snake is a Batesian mimic of the coral snake, as are a number of
other kingsnakes and milk snakes (all within the genus Lampropeltis): black-edged red
saddles overlay its off-white to light gray ground color (Tennant, 2003). This ophidian
reaches a mature length between 53 and 71 cm (Conant and Collins, 1991) and, like other
members of the Lampropeltis, has smooth scales and an undivided anal plate. While the
red milk snake is mostly diurnal, it will become crepuscular or nocturnal during warm
weather (Tennant 2003). Lampropeltis triangulum syspila mates in spring and lays 4 – 8
eggs in under debris, in stumps, or in small mammal burrows in June, which incubate
for 8 to 9 weeks, hatching in August and September (see Phillips et al., 1999, Tennant,
2003). This species consumes mice and smaller snakes (Fitch and Fleet, 1970), as well as
reptile eggs and amphibians (Tennant, 2003).
Lampropeltis triangulum syspila can be found from southern Indiana, south to
northwestern Mississippi, and westward from southeastern South Dakota to eastern
Oklahoma (Conant and Collins, 1991). This species is considered scarce in peripheral
habitats and abundant in areas of good cover with soil appropriate for burrowing
(Tennant, 2003); habitats include woodlands, hillsides, and open country (Conant and
Collin, 1991). 48% of this species’ current range overlaps with the pre-European
settlement extent of the tallgrass prairie. The red milk snake was formerly distributed
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through Illinois, but now can be found in the extreme northeastern counties of the state
and in a number of counties along the Mississippi and Illinois rivers (see Phillips et al.,
1999). Fitch and Fleet (1970) calculated the average home range of a red milk snake to be
about 20.24 ha (50 acres).

Lampropeltis triangulum triangulum (Lacépède, 1789). The eastern milk snake (Lampropeltis
triangulum triangulum) was first described in 1789 by Bernard Germain Étienne de la
Ville-Sur-Illon, comte de Lacépède, a multi-talented late 18th century and early 19th
century French naturalist who worked at the Jardin du Roi until his exile during Jacobin
uprising (aka: the Reign of Terror) of the French Revolution3.
Lampropeltis triangulum triangulum is a relatively slender species that reaches a
mature length between 61 and 90 cm (Conant and Collins, 1991) and has smooth scales
and an undivided anal plate. Eastern milk snakes are further characterized by a grayish
tan ground color, with brown to burnt sienna colored dorsal blotches outlined in black,
and a checkerboard belly. L. t. triangulum intergrades with L. t. elapsoides along the
Atlantic seaboard, but the two species also exist sympatrically without interbreeding in
eastern Tennessee, the Cumberland Plateau of Kentucky, and the Appalachian
Mountains of eastern North Carolina (Palmer and Braswell, 1995). Williams (1978)

After the Reign of Terror, Lacépède became more heavily involved in politics and wrote a history of
Europe: Histoire générale, physique et civile de l’Europe, depuis les dernieéres années du 5e siécle juseque vers le
milieu du 18e. Additionally, Lacépède also described Agkistrodon piscivorus.

3
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postulated that L. t. syspila actual arose as a result of integradation between L. t.
triangulum and L. t. elapsoides. The eastern milk snake is differentiated from the red in
that its brown or gray blotches terminate on the third or fourth scale row, whereas in the
red milk snake, red blotches terminate on the first scale row (Williams, 1978).
Additionally, the head pattern connects to the first body blotch in L. t. triangulum, but
does not in L. t. syspila (Williams, 1978).
The eastern milk snake is largely nocturnal, active from late April to October
(Harding, 1997). This species breeds near its hibernacula in early spring and also away
from the dens in May and June (Harding, 1997). Six to 24 eggs are laid in decomposing
logs, burrows, thick vegetation, or beneath vegetative debris (Tennant, 2003), in late June
or July (Harding, 1997). The eggs hatch after an incubation period of 58 – 68 days
(Tennant, 2003), usually in late August or September (Harding, 1997). In the wild,
individuals live 7 to 10 years (Harding, 1997).
Lampropeltis triangulum triangulum can be found from Maine to Minnesota, and
south to northern Alabama (Conant and Collins, 1991); it is predominantly found in
northern Illinois (see range map in Conant and Collins, 1991). This secretive species can
be found from the mountains to the coastal plain under logs and stones in a variety of
habitats, including fields, woodlands, hillsides, bottomlands, and barns (Conant and
Collins, 1991; also see Harding, 1997; Tennant, 2003). The eastern milk snake is often
killed because it bears some resemblance to the copperhead (Conant and Collins, 1991),
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and may rear back in an s-shape when threatened, although the temperament of this
species is highly variable (Tennant, 2003).

Liochlorophis vernalis (Harlan, 1827). Richard Harlan first described Liochlorophis vernalis,
the smooth green snake, in 18274, calling the back ground “a universal deep green
colour” and the belly “greenish-white” (Harlan, 1927). This “gentle little reptile” reaches
30.3 – 51 cm (Conant and Collins, 1991), is occasionally light brown or bronze (Harding,
1997), and has a divided anal plate and smooth scales.
Liochlorophis vernalis is a diurnal ophidian, becoming crepuscular in hot weather
(Harding, 1997), active from April to October (Harding, 1997; Phillips et al., 1999). The
green snake mates in May (Phillips et al., 1999) and deposits eggs under boards, between
railroad ties (Stille, 1954), beneath rocks and logs, or in shallow burrows (Harding, 1997)
between June 24 and July 31, depending on average temperatures in May (Stille, 1954).
Blanchard (1933) found the mean clutch size to be 6.7 ± 0.24 in northern Michigan, while
Stille (1954) calculated a mean clutch size of 5.8 ± 0.39 in northern Illinois. Eggs typically
hatch in August or September (Harding, 1997). Small arthropods and mollusks compose
the majority of the smooth green snake’s diet (see Phillips et al., 1999), while its
predators include birds, mammals, and other snakes (Harding, 1997; Phillips et al., 1999).

Harlan (1827) noted the Liochlorophis vernalis inhabited Pennsylvania and New Jersey, indicating that the
type specimen originated in one of those two states. Additionally, Harlan (1827) lists Dekay (likely James
Ellsworth DeKay) and “manuscript notes” after the scientific name of the green snake, indicating that
DeKay either captured the specimen, wrote some notes about it, or both.
4
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The smooth green snake can be found in the northeastern states and southern
Canada, west through Michigan, northern Illinois, Wisconsin, and Minnesota, with
disjunct populations found in the Great Plains states (description based on Conant and
Collins, 1991 range map). In Illinois, this snake inhabits the Grand Prairie and
northeastern morainal divisions of the state. Liochlorophis vernalis can be found in wet,
grassy habitats including wet prairies, bogs, marshes and old fields, as well as open
woodlands (Harding, 1997; Phillips et al., 1999). The smooth green snake often basks on
rocks, logs, and other debris, or hides beneath them (Harding, 1997). This species is also
known to hibernate in ant hills and rodent burrows with other small snakes (Harding,
1997; Phillips et al., 1999). Conant and Collins (1991) described this species as terrestrial
with “little inclination to climb”.
The smooth green snake is threatened by habitat destruction and insecticide use
that reduces its prey (Harding, 1997; Phillips et al., 1999), which has resulted in drastic
population declines and fragmentation of its range (Harding, 1997; Tennant, 2003).

Pituophis catenifer sayi (Schlegel, 1837). Hermann Schlegel, a 19th century ornithologist
and natural historian, first described the bullsnake (Pituophis catenifer sayi) in 1837, based
on a specimen collected by Thomas Say in Missouri (Schlegel, 1837) on Major Long’s
expedition to the Rocky Mountain in the 1820’s (Tennant, 2003). The bullsnake is a large
tawny colored snake, with black to reddish-brown dorsal blotches, reaching between
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94.8 and 183 cm (Conant and Collins, 1991). Bullsnakes have keeled scales and an
undivided anal plate. They are also known to integrade with the Sonoran gopher snake
(Pituophis catenifer affinis) in the southwestern portion of Texas (Tennant, 2003), although
their morphological characteristics are “intermediate between catenifer and melanoleucus”
(Kissner and Nicholson, 2003).
Bullsnakes are largely diurnal ophidians, active from late April or May, when
males locate females by scent to mate (Kissner and Nicholson, 2003). Bullsnakes will
excavate their own burrows or that of small mammals using sinusoidal movements of
their head and neck (Carpenter, 1982), and will lay approximately 10 eggs in June or July
(Phillips et al., 1999; Tennant, 2003), which hatch in August and September (Phillips et
al., 1999; Kissner and Nicholson, 2003). A single nesting site may contain eggs from
many different females (i.e., communal nesting) (Kissner and Nicholson, 2003). Pituophis
caternifer sayi consume rodents, young lagomorphs, birds, bird eggs, and sometimes
large snakes (Conant and Collins, 1991; Tennant, 2003); and will go into burrows to
capture their prey (Kissner and Nicholson, 2003). Birds of prey and people are among
the bullsnakes’ major predators (Phillips et al., 1999), as well as badgers, foxes, skunks,
and coyotes (Kissner and Nicholson, 2003).
The range of Pituophis catenifer sayi stretches through the North American Great
Plains and prairie states, with western Indiana representing the far eastern extent of that
range (description based on Conant and Collins, 1991 range map). In Illinois, P. c. sayi
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exist along the Illinois River and in the northwestern corner of the state (see range map
in Phillips et al., 1999) and can also be found in remnant prairies of northeastern Illinois
(Harding, 1997). The pre-European extent of the tallgrass prairie coincides with 25% of
P. c. sayi’s current range. Bullsnakes inhabit sand prairies, short and mixed grass prairie,
grasslands, pastures, old fields in former prairie, and savannas (Harding, 1997; Phillips
et al., 1999; Kissner and Nicholson, 2003). These serpents are often located within
vegetation clumps, mammal burrows, and rarely in trees (Conant and Collins, 1991;
Kissner and Nicholson, 2003). Their hibernacula include undercut riverbanks, rocky
outcrops and mammal burrows (Kissner and Nicholson, 2003).
According to Tennant (2003), Pituophis catenifer sayi is among the most abundant
large snakes of the southwest, along with the western diamond-backed rattlesnakes and
gopher snakes. However, anecdotal evidence suggests that bullsnake populations have
recently declined in the northern part of their range (Kissner and Nicholson, 2003).
Additionally, Kissner and Nicholson (2003) cite prairie habitat alteration as a probable
major threat to bullsnake populations.

Family Crotalidae
Sistrurus catenatus catenatus (Rafinesque, 1818). Constantine Samuel Rafinesque, an early
19th century naturalist and philologist, led a remarkable life occupying himself with
international trade, scientific writing, politics, teaching, and scholarship (Boewe, 1992).
Born in Turkey, Rafinesque lived in France and Sicily, and spent the last 25 years of his
188

life in the United States (Boewe, 1992). In 1818, Rafinesque described the eastern
massasauga rattlesnake (Sistrurus catenatus catenatus) (see Rafinesque, 1818), whose
name means “great river mouth” in Chippewa (Harding, 1997).
Also known as the “swamp rattler” or “black snapper” (Conant and Collins,
1991), Sistrurus catenatus catenatus is a medium-sized, thick-bodied (Harding, 1997) pitviper characterized by a large pit between its eyes and nostril, a segmented rattle,
elliptical pupils (Harding, 1997), nine large cephalic scale plates, keeled scales, and an
undivided anal plate (Tennant, 2003). Reaching an adult length between 42.7 and 76 cm
(Conant and Collins, 1991), the gray to brown background color of the eastern
massasauga is imprinted with large dark dorsal blotches, with a few rows of smaller
spots running laterally; the belly is black with grayish mottling (see descriptions in
Conant and Collins, 1991; Harding, 1997).
The eastern massasauga generally emerges from its hibernacula, crayfish and
mammal burrows, in April (Harding, 1997; Tennant, 2003), remaining diurnal until
midsummer when it becomes more crepuscular (see Wright, 1941; Harding, 1997).
Copulation occurs in spring between April and June (Wright, 1941), as well as fall
(Harding, 1997). Five to twenty young (Harding, 1997) are then born in August or
September (see Wright, 1941 and references therein; Harding, 1997). Eastern
massasaugas largely consume small mammals, although they will also east frogs, birds,
and insects (Wright, 1941 and references therein; Harding, 1997; Tennant, 2003).
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According to Harding (1997), large snakes,
some birds, and mammals are the eastern massasaugas primary non-human predators.
According to older authorities (e.g., Guthrie, 1926; Wright, 1938), the eastern
massasauga used to be a prairie species, but has become less abundant there “since the
intervention of man” and is now found in swampy areas. More recent observers (e.g.,
Reinert and Kodrich, 1982; Harding, 1997) have noted that Sistrurus catenatus catenatus
occupies lowlands from September to June, and then moves upland to well-drained
fields, grasslands, and pastures. The pre-European extent of the tallgrass prairie
coincides with 32% of S. c. catenatus’s current range. However, the eastern massasauga is
most often associated with ecotones between forest and prairie (Wright, 1941; see also
Harding, 1997), marsh, swamps, sedge meadows, and wet prairies (Wright, 1941;
Harding, 1997; Tennant, 2003). The activity range for this serpent is approximately 26 ha
(Johnson, 2000).
The historic range of the eastern massasauga includes Illinois (in which only 6-8
relict populations now exist [Phillips et al., 1999]), Indiana, Iowa, Michigan, New York,
Ohio, Pennsylvania, Wisconsin, Ontario and maybe Minnesota (USFWS, 1999).
Unfortunately, populations of the eastern massasauga have been subject to extirpations
throughout this ophidian’s range (Szymanski, 1998; Prior and Weatherhead, 1994; see
also Harding, 1997) and diminished in each state within which it is found (Tennant,
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2003). The decline of the eastern massasauga noted in recent literature (see Szymanski,
1998; Prior and Weatherhead, 1994; Harding 1997; Seigel and Sheil, 1999; Casper et al.,
2001; Tennant, 2003) has been documented for over eighty years by scientists (e.g.,
Guthrie, 1926; Wright, 1938; 1941), yet this species is still only classified as a candidate
species for listing under the United States Endangered Species Act (Federal Register,
2005).
Historically, killing by humans and hogs have contributed to the decline of
Sistrurus catenatus catenatus (see Harding, 1997; USFWS, 1999). Additional historic and
current threats include road building (Wright, 1941); habitat loss (USFWS, 1999); and
mechanized agriculture (e.g., hay balers, see Tennant, 2003).

“Were it not for foolish prejudices, we might see much to admire in the
rattlesnake...The rattlesnake was for a time our national emblem, and it is
to be regretted that it was so soon thrown aside for the bald eagle. For
despite the horror in which he is held, the reptile is by far the nobler
animal of the two. He is no impotent and cowardly robber, like our
emblematic bird – makes no unprovoked attack, -- and always sounds his
warning rattle, a sure precursor of the deadly blow that follows.”
– Robert Kennicott (1855), Illinois naturalist, explorer, and fond observer
of the eastern massasauga.
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Family Dipsadidae
Diadophis punctatus arnyi (Kennicott, 1859). Robert Kennicott, a founder of the Chicago
Academy of Sciences (Vasile, 1994), first described the prairie ringneck snake (Diadophis
punctatus arnyi) based on a type specimen collected from Samuel Arny (Tennant, 2003)
in Hyatt, Anderson County, Kansas (see Kennicott, 1859). This small, colorful serpent
reaches an average adult tip-to-tail length from 25.4 – 36 cm (Conant and Collins, 1991).
With a black head, golden neck ring, and dark gray ground color (Tennant, 2003), this
snake is distinguished from other Diadophis punctatus subspecies by irregular black spots
adorning its bright yellow-orange venter (Collins and Connant, 1991). This species is
also characterized by a vivid red under-tail, which is displays when startled (Collins and
Connant, 1991). Additionally, Pinou et al. (1995) proposed that D. punctatus arnyi and D.
punctatus edwardsii (northern ringneck snake, see below) should not be classified as
merely a different subspecies, but would more appropriately classified as different
species based on variations in serum albumin suggesting major genetic separation.
Diadophis punctatus arnyi is crepuscular, active from April through October.
Mating occurs in spring or fall, with eggs being laid in June that hatch in August or
September (Phillips et al., 1999). Fitch (1975) found that the mean number of eggs laid
increased with age class. For example, in Fitch’s (1975) Kansas study, third year females
laid an average of 2.70 (± 0.160) and tenth year females laid an average of 5.06 (± 0.225)
eggs per clutch. D. punctatus arnyi consumes small snakes, amphibians, earthworms,
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slugs, and insect larvae (Tennant, 2003) and is preyed upon by other snakes and birds
(Phillips et al., 1999).
The range of Diadophis punctatus arnyi extends from southwestern Wisconsin,
west to southern South Dakota, then south through central Texas and west to New
Mexico (Conant and Collins, 1991; Tennant 2003). 31% of this species’ range overlaps
with the pre-European settlement extent of the tallgrass prairie. In Illinois, the prairie
ringneck snake can be found in the Mississippi River Valley (Conant and Collin, 1991).
According to Fitch (1975), D. punctatus arnyi’s favored habitat at the Fitch Natural
History Reserve in Kansas, in preferential order, included: 1) old hilltop pastures, 2)
south facing limestone outcrops and loose rock on hilltops, 3) well-drained woodlands
with an open canopy, 4) prairie with gullies, rock outcrops, or shrubs, 5) riparian zones
(especially if dry), and 6) old fields with dense vegetation. D. punctutus arnyi is known to
use communal shelters, which the prairie ringsnake locates by following the dermal
pheromone trail left by other individuals (Tennant, 2003). Tennant (2003) states the
activity range of this species to be no more than approximately 120 m (~ 400 ft) in
diameter.

Diadophis punctatus edwardsii (Merrem, 1820). Blasius Merrem, a German naturalist,
described a northern ringneck (Diadophis punctatus edwardsii) snake from Pennsylvania
in 1820 (Merrem, 1820), and named it in honor of George Edwards (Tennant, 2003), an
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English naturalist considered to be the father of British ornithology, who may have
collected the type specimen5. This subspecies (see section on Diadophis punctatus arnyi for
a fuller understanding of taxonomic status) is slender with smooth scales and a divided
anal plate (Conant and Collins, 1991). D. p. edwardsii’s ground color is variable, ranging
from bluish black to brownish, and is accented by a golden collar (Conant and Collins,
1991). The northern ringneck snake is differentiated from other subspecies by a fully
yellow belly sometimes marked with a single, partial row of black dots down the center
(Conant and Collins, 1991) and a lack of the aposematic display that characterizes other
ringnecks (i.e., corkscrewing of red tail when threatened) (Tennant, 2003). This
subspecies is very long-lived, with some individuals reaching >20 years of age (Harding,
1997). Moreover, it has slightly enlarged rear, upper teeth that might be toxic to small
prey (Harding, 1997).
The northern ringneck snake is largely nocturnal and is active from late April to
late September in the northern part of its range (Harding, 1997). Mating occurs in spring,
late summer or fall, as females can store sperm overwinter (Harding, 1997). One to
twelve eggs (Tennant, 2003) are deposited in burrows or rotten logs in late June or early
July (Harding, 1997) hatching in seven to nine weeks (Tennant, 2003). Diadophis
punctatus edwardsii preys upon earthworms and small reptiles and amphibians (Conant

It was stated that George Edwards collected the type specimen on a website that I have thus far found
reliable, which I accessed on 5 December 2005: http://ebeltz.net/herps/biogappx.html

5
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and Collins, 1991), although local populations may be more specialized (Harding, 1997).
Harding (1997) described a population in the northern Great Lakes region whose diet
consists mostly of eastern red-backed salamanders (Plethodon cinereus).
The range of Diadophis punctatus edwardsii forms a wide swathe stretching
southwest from Novia Scotia to northern Alabama (Connant and Collins, 1991). The
subspecies is also found in Michigan, but is conspicuously absent from the prairie
peninsula (Harding, 1997). D. p. edwardsii is considered to be a woodland species
(Conant and Collins, 1991) and spends most of its life beneath leaf litter and cover
(Harding, 1997). In Illinois, this subspecies is mostly seen along the Ohio River Valley
(Conant and Collins, 1991). D. p. edwardsii is a colonial species, and thus is vulnerable to
local extirpation due to habitat loss or disturbance (Harding, 1997).

Family Natricidae
Clonophis kirtlandii (Kennicott, 1856). Clonophis kirtlandii, also known as the Kirtland’s
snake, was first described from a northern Illinois specimen by Robert Kennicott
(Kennicott, 1856), an Illinois naturalist.6 Adult total body length (TL; snout vent length
plus tail) is 36 – 45.7 cm (Conant and Collins, 1991), with the largest known length being
62.2 cm (Connant and Collins, 1991; Tennant, 2003). Kennicott (1856) described C.
kirtlandii as “trigonal in cross section” with a gently tapering body and strongly

There is some speculation that Stephen Baird, of the Smithsonian Museum, described the species on
Kennicott’s behalf (Bavetz, 1993).
6
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carinated scales. The ground color description ranges from “light purplish brown”
(Kennicott, 1856) to “olive tan to dark brown” (Tennant, 2003). Dark blotches cover this
snake’s back and sides and it has a brick-red hued belly, with a line of black spots
toward the outside of the ventral scales (Kennicott, 1856; Connant and Collins, 1991),
although one population near Villa Grove, IL was noted to have white bellies (Bavetz,
1993).
Physical and bio-physical characteristics separate Clonophis kirtlandii from other
similar species. Even in 1856, Kennicott noted that this species had morphological
characteristics, namely distance between abdominal spot rows, that separated it from the
genus Regina, despite naming it as such. A number of studies, based on immunological
distance data, allozyme electrophoresis, and myological characteristics, indicate that
Clonophis is most closely related to the Storeria, Regina, and Nerodia (Bavetz, 1993).
Clonophis kirtlandii is a largely nocturnal snake (Harding, 1997; Phillips et al.,
1999) that is usually active from late March through early November (Harding, 1997).
Mating has been observed in May (Bavetz, 1993; Harding, 1997; Phillips et al., 1999). This
species is live-bearing, with 4 to 15 offspring being born in August and September
(Harding, 1997, Phillips et al., 1999). It generally consumes earthworms and slugs
(Conant and Collins, 1991; Harding, 1997; Phillips et al., 1999), although Bavetz (1993)
found leeches and crayfish in stomach contents as well. Predators have not been
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reported for the Great Lakes region, but likely include other snakes, shrews, weasels,
hawks, owls and other mesopredators (Harding, 1997).
Clonophis kirtlandii is endemic to the midwestern United States (Bavetz, 1993) and
is found mostly in Illinois, Indiana, and Ohio (Tennant, 2003). Approximately 30% of its
range overlaps with the pre-European settlement extent of the tallgrass prairie. A few
isolated populations of C. kirtlandii are found in Illinois’s Grand Prairie (see Bavetz,
1993; Phillips et al., 1999). The habitat associations of this species have been described as
prairie wetlands, wet meadows, and prairie fens, believed to be its original habitat
(Bavetz, 1993), as well as grassy creek and pond margins, open swamp-forest, woods,
and vacant lots (see Kennicott, 1856; Minton, 1972; Ernst and Barbour, 1989; Bavetz,
1993; Conant and Collins, 1991; Harding, 1997; Phillips et al., 1999). Within these habitat
associations, the snake is often found in crayfish burrows (Harding, 1997; Tennant, 2003)
and also under logs, flat stones, and within other animal burrows (Kennicott, 1956;
Harding, 1997; and Tennant, 2003) in silty loam and silty clay loam soils (Bavetz, 1993).
A number of authors have issued a call for conservation of C. kirtlandii as it is the
only member of its genus (Tennant, 2003) and its numbers are declining (Bavetz, 1993;
Harding, 1997). Garman (1892) first noted the decline of Illinois C. kirtlandii (Bavetz,
1993), stating that “tilling, ditching, and cultivation of the soil have destroyed [C.
kirtlandii’s] haunts and nearly exterminated it”.
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Nerodia sipedon sipedon (Linneus, 1758). Carl von Linne, the father of modern taxonomy,
first described the northern water snake (Nerodia sipedon sipedon) in his Systema Naturae,
crediting Pehr Kalm with capture the specimen in America (Linne, 1758). Kalm, a
Finnish 19th century naturalist and explorer of North America, was one of von Linne’s
first students.
Nerodia sipedon sipedon has a tan, brown or gray ground color and is marked with
black, brown, or reddish brown crossbands which degenerate into blotches toward the
tail (see Conant and Collins, 1991; Harding, 1997). Some specimens have a copper
ground color, with reddish brown dorsal markings (pers. obs). The belly can be white to
orangish, with half moon spots and speckles (Harding, 1997). The northern water snake
obtains adult total lengths usually between 60 and 106.7 cm (Conant and Collins, 1991),
and has keeled scales and a divided anal plate like other Nerodia. Nerodia sipedon sipedon
can be differentiated from other Nerodia by counting dorsal markings (> 30) and notices
the light space between markings (< 2.5 scale rows wide) (Conant and Collins, 1991).
According to Prosser et al. (1999), microgeographic genetic structure was detected in
populations of the northern water snake located less than 2 km apart, indicating that
limited dispersal occurs in this species; this might also explain the extreme color and
pattern variability noticed among populations.
Nerodia sipedon sipedon is diurnal in spring and nocturnal in fall (Harding, 1997),
and is generally active from April to October (see Harding, 1997). Mating occurs from
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mid April to mid June, with the birth of 4 to 99 live young occurring in August and
September (Harding, 1997). Harding (1997) also noted a positive correlation between
female body size and fecundity, which is supported by Brown and Weatherhead’s (1997)
observation of higher mortality rates in reproductive female northern water snakes with
lower body masses. Additionally, thermoregulation appears to be of particular
importance to Nerodia sipedon sipedon (Greshock, 1998) (and likely Nerodia in general),
with individuals noted for their basking behavior (Greshock, 1998) and the selection of
particular thermoregulatory conditions after feeding and during ecdysis, warmer and
cooler than normal, respectively (Kitchell, 1969).
The northern water snake is found from Maine to northeastern North Carolina,
and west to Colorado (Conant and Collins, 1991). This ophidian is generally abundant in
Illinois (Phillips et al., 1999). Nerodia sipedon sipedon prefers quite water with sufficient
cover and available basking sites, although it is often found in fast moving streams as
well (see Conant and Collins, 1991; Harding, 1997). According to Tiebout and Cary
(1987) the mean home range of N. sipedon sipedon was 5.4 hectares and consisted of small
shifting core areas; however, Greshock (1998) found the northern water snakes mean
home range to be much smaller at 1.65 ha.
Northern water snakes feed mostly on small fish, followed by amphibians,
crayfish, some insects, and earthworms (Harding, 1997; also Tennant, 2003). Although
their feeding habits have no measurable impact on sport fishing, northern water snakes
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can affect fish hatcheries (Harding, 1997). The removal of northern water snakes from
fish hatcheries, human persecution due to their resemblance to venomous species, and
pollution have reduced or eliminated many local populations (Harding, 1997). Besides
human predators, Nerodia sipedon sipedon is also preyed upon by fish, bullfrogs, other
snakes, predatory birds, and small mammals (Harding, 1997; Greshock, 1998). N. sipedon
sipedon often releases musk and bites energetically when captured, with wounds
bleeding liberally and localized to extensive numbness occurring in some individuals
(e.g., the author) (pers. obs).

Nerodia sipedon pleuralis (Cope, 1892). The midland water snake was first described by
Edward Drinker Cope7 in 1892 (see Cope, 1892). Morris (1991) investigated and clarified
confusion surrounding the type specimen (officially considered a lectotype) for Nerodia
sipedon pleuralis, and designated Mississippi as the type locality.
Nerodia sipedon pleuralis has distinctly keeled scales and a divided anal plate,
reaching an adult total length generally between 56 and 102 cm (Conant and Collins,
1991). This ophidian is usually gray or brown with dark, or even black, dorsal and
lateral blotches (Conant and Collins, 1991). N. s. pleuralis has less than 30 dorsal bands
and blotches, often ringed tail markings, greater than a 2.5 scale row width between
lateral markings, and belly markings that occur in pairs, which differentiates this

7

See description of Lampropeltis triangulum syspila for further information regarding Edward Drinker Cope.
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subspecies from N. s. sipedon, the northern water snake (Conant and Collins, 1991).
Although, these two subspecies do intergrade in the northern portions of N. s. pleuralis’
range (Tennant, 2003).
According to Tennant (2003), Nerodia sipedon pleuralis is a nocturnal serpent that
is semi- to completely aquatic, and is most active on “warm spring and rainy summer
nights.” The midland water snake mates in May (Phillips et al., 1999), and bears 12 – 30
live offspring from July to early September (Tennant, 2003). N. s. pleuralis is also known
to hibernate in large groups, unlike some of its other congeners (Laurent and Kingsbury,
2003). It consumes mostly fish, tadpoles, and adult amphibians (Tennant, 2003) and is
preyed upon by shore birds, other snakes, and people (Phillips et al., 1999) as water
snakes are often mistaken for the venomous cottonmouths (Tennant, 2003). Their
defensive mechanisms include biting, musking, and defecation (pers. obs.).
Additionally, water snakes have Duvernoy’s gland, which imbues their saliva with
proteins that produce further inflammation around bite wounds (Tennant, 2003).
The range of Nerodia sipedon pleuralis stretches from Indiana to northeastern
Arkansas, south to the Gulf of Mexico and east across the Carolinas (Conant and Collins,
1991). This snake appears to be an aquatic habitat generalist (see Conand and Collins,
1991; Tennant, 2003). Laurent and Kingsbury (2003) noted that N. s. pleuralis was most
often seen in open water and logs (in Kentucky), and that greater than 30% of
observation of this species were in water less than 1 m from the shore. N. s. pleuralis can
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be found along waterways in the southern Grand Prairie region of Illinois, and more
generally in southern Illinois.

Regina grahamii (Baird and Girard, 1853). Spencer F. Baird and Charles F. Girard8
described Graham’s crayfish snake (Regina grahamii) in 1853, based on the type specimen
collected by Colonel James Duncan Graham at Rio Salado, Texas (Baird and Girard,
1853). Col. J. D. Graham, for whom the R. grahamii was named, was a soldier, engineer,
and naturalist who discovered a number of Texas reptiles while a member of the 18521853 Mexican Boundary Survey (Collins and Conant, 1991; Tennant, 2003).
Graham’s crayfish snake has carinated scales and a divided anal plate, and
obtains an adult length between 45.7 and 71 cm (Conant and Collins, 1991). This species
is yellow below and brown above with yellow stripes overlain on scale rows one
through three (Baird and Girard, 1853; Concant and Collins, 1991; Harding, 1997). Alfaro
and Arnold (2001) advised that the taxonomic status of the genus Regina be reevaluated
based on the results of their study on the molecular systematics of Thamnophiine
snakes. Their research suggests that R. grahamii and R. septemvittata are more closely
related to the Nerodia (water snakes) that to other Regina (e.g., R. alleni and R. rigida),

More information can be found about Spencer Baird and Charles Girard under the description of the blue
racer, Coluber constrictor foxii.
8
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which appear to be more closely related to semi-fossorial snakes such as Clonophis
kirtlandi and the Storeria.
Regina grahamii is a secretive snake active at night during the summer and
becoming crepuscular spring and fall (Tennant, 2003). Mating most often takes place
between couples, but can involve a mass of males surrounding one female (Tennant,
2003). This occurs in late April or May, with 10 to 20 young being born sometime from
late July through September (Phillips et al., 1999). According to Waters and Burhardt
(2000), R. grahamii is “born with chemosensory prey preferences that reflect their
specialized diets”, which consist mainly of molted crayfish, but may include small
amphibians, fish, and snails (Conant and Collins, 1991; Phillips et al., 1999; Tennant,
2003). Predators of Graham’s crayfish snake include shore birds, ophiophagus snakes,
and mammals (Phillips et al., 1999).
Regina grahamii is found in Iowa and along major rivers in Illinois (with the
exception of the Wabash and Ohio River, see Phillips et al., 1999), and south in Missouri,
Kansas, Oklahoma, Arkansas, Texas, and Louisiana (description based on Conant and
Collin, 1991 range map). Conant and Collins (1991) remark that this species is not found
in the Interior Highlands of Missouri, Arkansas, or Oklahoma. 36% of the Regina
grahamii’s current range overlies the historic pre-European extent of the tallgrass prairie.
Graham’s crayfish snake habitat includes the margins of ponds, slow streams, sloughs,
bayous, heavily vegetated lakes and swamps (Conant and Collins, 1991; Harding, 1997;
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Phillips et al., 1999), as well as the riparian valleys of prairies and agricultural fields
(Tennant, 2003). Conant and Collin (1991) noted that R. grahamii often hides in crayfish
burrows and stream bank holes, while Phillips et al. (1999) included crayfish burrows as
hibernacula.
This species is considered to be uncommon within its range (Tennant, 2003), but
no clear sustained threats have been elucidated (see Tucker, 1995 for case study of road
mortality in Illinois).

Regina septemvittata (Say, 1825). Thomas Say9 first described the queen snake (Regina
septemvittata) in 1825, noting two individual specimens collected by Reuben Haines and
Dr. Thomas M’Euen in Germantown, Pennsylvania and near Philadelphia, respectively
(Say, 1825). The queen snake (also known as a willow snake or leather snake [Conant
and Collins, 1991]) is a docile (Smith, 1999), slender and small headed ophidian (Conant
and Collins, 1991; Harding, 1997) reaching a total adult length between 38 and 61 cm
(Conant and Collins, 1991). Say (1825) described the species as “brownish, with three
blacksh lines; beneath yellow, with four blackish lines”. Other descriptions note yellow
lateral stripes found on scale rows one and two (e.g., Conant and Collins, 1999). R.
septemvittata has a divided anal plate and keeled scales.

9

See the description of Elaphe obsoleta obsoleta for more details on Say.
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Regina septemvittata is principally diurnal (Harding, 1997; Phillips et al., 1999) and
usually active beginning in late April or May until hibernating sometime between
September and November (Harding, 1997; Smith, 1999). The queen snake mates in
spring (i.e., late April or May) (Phillips et al., 1999; Smith, 1999); fall mating is also
suspected, but unconfirmed (Harding, 1997). Between 5 and 18 young (Smith, 1999) are
born between July and September (Froom, 1981; also see Phillips et al., 1999). The prey of
the queen snake consists almost entirely of freshly molted crayfish (Smith, 1999; Tennant
2003), which Raney and Roecker (1947) determined made up greater than 99% of their
diet by volume. Predators of R. septemvittata include predatory birds, mammals, and
crayfish that can attack young queen snakes (Harding, 1997; Smith, 1999).
As seen in Conant and Collins (1991), Regina septemvittata is found in much of the
eastern United States, with a range stretching west from southwestern New York to
northeastern Illinois, and south to the Florida pan-handle; Arkansas, and maybe
southern Missouri, is home to a disjunct population. In Illinois, the queen snake is
currently found in only four counties, three of which are located within the Grand
Prairie region (see Philips et al., 1999 occurrence map). Considered semi-aquatic (Smith,
1999), R. septemvittata has the most water-permeable skin of any snake (Stokes and
Dunson, 1982). Additionally, the queen snake is rarely found greater than 3 m from
water (Campbell and Perrin, 1979) and usually inhabits small, clean, rocky bottomed
rivers and streams with bountiful supplies of crayfish (Conant and Collins, 1991;
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Harding, 1997; Phillips et al., 1999; Smith, 1999). Queen snakes also occupy the margins
of lakes, ponds, marshes, swamps, and canals (Harding, 1997; Tennant, 2003), using flat
rocks and woody debris for basking and refugia (Harding, 1997; Smith, 1999) and
burrows (crayfish and mammal) (Harding, 1997) as group hibernacula (Smith, 1999).
Wood (1949) more specifically outlined three conditions necessary for an area to sustain
an “intense queen snake population”:
1. An area of either running or still water, greater than 65°F for most of the
season;
2. An abundance of partially submerged flat rocks for cover;
3. Plenty of crayfish.
The queen snake is uncommon throughout most of its range (Phillips et al., 1999)
with habitat loss and degradation having contributed to population extirpations (Smith,
1999) or declines in many places (Harding, 1997). Moreover, stream siltation may
devastate the crayfish populations upon which Regina septemvittata depends (Harding,
1997; Phillips et al., 1999; Smith, 1999), while other water pollutants might serve to
contaminate this food supply (Smith, 1999). Smith (1999) also cites numerous instances
of these good-natured serpents being killed by people, this being especially detrimental
to queen snake populations as “their extremely specialized habitat requirements tend to
create high concentrations in certain areas, with large gaps of unfavourable habitat
between populations.”
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Storeria dekayi wrightorum (Trapido, 1944). Harold Trapido first described the midland
brown snake or Wright’s10 brown snake (Storeria dekayi wrightorum) in 1944, based on a
specimen collected by Norman Hartweg and Wesley Clanton in 1933 from Reelfoot
Lake, Tennessee (Trapido, 1944). Trapido (1944) diagnosed the main differences between
the midland brown snake and the northern (or Dekay’s) brown snake (S. d. dekayi) as
being the fused dorsal spots of the midland brown snake, as well as its large number of
ventral and subcaudal scales (≥ 176).
Storeria dekayi wrightorum is a small grayish brown snake with parallel rows of
dorsal spots connected by thin crossbars between which the scales are slightly lighter in
color; its belly is creamy tan and may have small black spots at the edges of each scale.
The midland brown snake has keeled scales and a divided anal plate, and reaches
between 23 and 33 cm, with a record length of 52.7 cm (Conant and Collins, 1991).
The midland brown snake is described as a nocturnal ophidian (e.g., Harding,
1997), although it can be found during the day (Tennant, 2003). This semi-fossorial snake
also spends much of its active season (from March to November) below ground
(Harding, 1997). Most authors note that Storeria dekayi wrightorum mates in early spring,
in the months of April and May (e.g., Harding, 1997; Phillips et al., 1997), although

Harold Trapido (1944) apparently named the Wright’s brown snake after herpetologists Dr. Albert Hazen
Wright and his wife, Anna Allen Wright, whom he credited with giving him “endless inspiration”.
10
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Tennant (2003) also remarked on fall copulations, after which females will store sperm
until the following spring. The midland brown snake typically bears 10 – 14 offspring
between July and August (Harding, 1997). The diet of S. d. wrightorum consists mainly of
slugs and earthworms (Harding, 1997; Phillips et al., 1999; Tennant, 2003), although it
less frequently includes snails, pillbugs, small salamanders, fish, and frogs (Harding,
1997; Tennant, 2003). Predators of this small, harmless serpent include frogs, toads, other
snakes, crows, hawks, shrews, weasels, domestic cats and dogs, and even spiders (see
Harding, 1997; Phillips et al., 1999).
Storeria dekayi wrightorum is found from southeastern Wisconsin to the Carolinas
and the Gulf Coast, west into Missouri and Arkansas, where it intergrades with the
Texas brown snake (S. d. texana) (inferred from Conant and Collins, 1991). Populations
of this species are dispersed through out the Grand Prairie of Illinois (see Phillips et al.,
1999), although only 13% of S. d. wrightorum’s current range overlies the historic preEuropean coverage of the North American tallgrass prairie. The midland brown snake
occupies a variety of habitats included forest, open woodlands, forest edges, prairie,
damp fields, floodplains, and cultivated fields (Phillips et al., 1999; Tennant, 2003). This
species is often considered suburban and can often be found in vacant lots (Phillips et al.,
1999; Tennant, 2003). According to Harding (1997) hibernacula for this inconspicuous
ophidian include animal burrows, abandoned anthills, stumps, logs, rock ledges, and
foundations.
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Phillips et al. (1999) observed that large numbers of Storeria dekayi wrightorum
become victims of cars during their semi-annual migrations. Additionally, Harding
(1997) felt that development and chemical exposure threatened urban and agricultural
brown snake populations. Moreover, the invasion of exotic fire ants has negatively
affected midland brown snake colonies in Florida (Tennant, 2003).

Storeria occipitomaculata occipitomaculata (Storer, 1839). Dr. David Humphreys Storer
described the northern redbelly snake (Storeria occipitomaculata occipitomaculata) in 1839
based on a specimen from Amherst, Massachusetts provided by a Professor Adams
(Storer, 1839). Storer, born in Maine in 1804, was well-known as the curator of
icthyology and herpetology at the Boston Society of Natural History and also the dean of
the Harvard Medical School from 1855 to 1864 (Johnson, 2004).
A plain brownish ground color, sometimes adorned with four dorsal lateral
stripes, three pale nape spots, and a plain bright red belly characterizes the northern
redbelly snake (Conant and Collins, 1991). This ophidian has keeled scales, a divided
anal plate (Conant and Collins, 1991), and reaches an adult length between 22.5 and 29.5
cm (Blanchard, 1937).
Storeria occipitomaculata occipitomaculata is generally active from April to
November (Harding, 1997) and spends much of its time hidden. As hot weather arrives,
the northern redbelly snake shifts from diurnal to nocturnal activity (Harding, 1997).
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Mating among northern redbelly snakes occurs in both spring and autumn (Harding,
1997; Tennant, 2003). Between 4 and 13, although usually 6 to 8, young are born per
brood in August and early September (Blanchard, 1937). S. o. occipitomaculata is a slug
specialist (Tennant, 2003) and is preyed upon by other snakes, small mammals, and
mesopredators (e.g., raccoons, cats, dogs) (Harding, 1997).
The northern redbelly snake is found in most of the eastern United States, but is
absent from much of prairie peninsula (Harding, 1997), as well as along the Gulf Coast;
it is also found in Missouri and Arkansas (see Conant and Collins, 1991 range map). This
species is located in a few of the peripheral Grand Prairie counties of Illinois (see Phillips
et al., 1999). Storeria occipitomaculata occipitomaculata prefers the moist conditions under
rock and logs in woodlands, forest edges, and adjacent field and wetlands (Harding,
1997; Tennant, 2003). Hibernacula resemble that of the midland brown snake (see
Harding, 1997).
According to Tennant (2003), Storeria occipitomaculata occipitomaculata now occurs
in much fewer numbers than previously. Perhaps this is due to the large numbers of
northern redbelly snakes that are killed on roads during their spring and fall migrations
(Phillips et al., 1999).

Thamnophis proximus proximus (Say, 1823). Thomas Say (1823) first discovered the
western ribbon snake (Thamnophis proximus proximus) while on Major S. H. Long’s 1819 –
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1820 expedition along the Missouri River to the Rocky Mountains. Say (1823) described
the western ribbon snake as black with an “ocraceous” stripe along the vertebra and
yellowish lateral stripes, as well as a “double white spot on the parietal plates”. Conant
and Collins (1991) also note that these lateral stripes are located on scale rows three and
four and that the belly is unmarked. Like most thamnophiines, the slender western
ribbon snake has keeled scales and an undivided anal plate; it can obtain adult total
lengths between 51 and 76 cm (Conant and Collins, 1991).
Thamnophis proximus proximus is primarily diurnal, but can be active at night
(Ernst and Barbour, 1989; Rossman et al., 1996). Active from mid April to October
(Harding, 1997), this serpent usually mates in April and May (Phillips et al., 1999).
Graves et al. (1991) observed that western ribbon snakes use chemical cues from skin
lipids to aggregate with conspecifics, this may be especially important during the
mating season. In a given cohort, approximately 85% of the females will be gravid (see
Rossman et al., 1996 and references therein). Generally, about twelve (see Harding, 1997;
Rossman et al., 1996; Lancaster and Ford, 2003) offspring are born live, with a 1:1 sex
ration (Lancaster and Ford, 2003) between July and September (Harding, 1997; see also
Tennant, 2003). Tadpoles, adult frogs, toads, salamanders, lizards, and small fish
compose the majority of the western ribbon snake’s diet (Harding, 1997; Tennant, 2003).
Wendelken (1978) hypothesized that this species had developed a special hunting
strategy (i.e., using thrusting motions to flush out amphibians) to capture common prey
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species based on his own observations of this behavior. Predators of the western ribbon
snake include birds (especially wetland birds, e.g., herons and bitterns), mammals and
other snakes (Harding, 1997; Tennant, 2003).
Thamnophis proximus proximus can be from southwestern Wisconsin to central
Louisiana, westward through Kansas and Oklahoma, and south to north eastern Texas,
with a disjunct population around the southwestern tip of Lake Michigan (Conant and
Collins, 1991). 26% of the range of the western ribbon snake overlaps with the historic
extent of the tallgrass prairie. This ophidian was located in some central Grand Prairie
counties before 1980, but is now limited to two counties within this Illinois region (see
Phillips et al., 1999). The habitat of the western ribbons snakes seems to include almost
any vegetated area near freshwater ponds, canals, lakes, sloughs, marshes, or streams
(Conant and Collins; 1991; Harding, 1997; Tennant, 2003). Rossman et al., (1996)
observed that this species is often associated with brush habitat near water features, and
Harding (1997) amended that near Lake Michigan the western ribbon snake can often be
found in dry, sandy areas that are still located near water. T. p. proximus is known to
sometimes hibernate with other species in rocky outcrops (Ernst and Barbour, 1989;
Rossman et al., 1996), as well as in rodent burrows, decaying logs, drainpipes, and other
havens (Harding, 1997).
Ernst and Barbour (1989) noticed that population of the western ribbon snake
were likely disappearing due to wetland lost, and Phillips et al., (1999) cited cultivation
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and drainage of wetlands as major threats to this species. More specifically, Harding
(1997) believed that the current paucity of western ribbons snakes in the tallgrass prairie
may be due to prairie wetland loss and agricultural development.

Thamnophis radix radix (Baird and Girard, 1853). Spencer Baird and Charles Girard first
described the eastern plains garter snake in 1853 based on a specimen collected by Dr.
Hoy in Racine, Wisconsin. This ophidian, especially in the Grand Prairie region of
Illinois, has a brownish ground color with a yellow-orange dorsal stripe, and lighter
yellow lateral stripes (pers. obs.). Conant and Collins (1991) observed that this species
can be differentiated from other congeners by the black markings apparent on its labial
scales and the lateral stripes found on scale rows three and four. The closely related
subspecies, T. r. haydenii, has greater than 155 ventral scales. The eastern plains garter
snake reaches a total adult length between 38 and 71 cm, has strongly keeled scales, and
an undivided anal plate (Conant and Collins, 1991).
Thamnophis radix radix is a diurnal ophidian (Harding, 1997; Stanford, 2002),
active from April to late October (Rossman et al., 1996 and references therein). Richard
Seigel (in Rossman et al., 1996) notes that in Missouri, this species often emerges from
hibernation a few days after T. proximus and T. sirtalis. Additionally, the eastern plains
garter snake can differentiate between the pheromone trails of some other Thamnophis
(Ford and Schofield, 1984), which may facilitate mating. Mating occurs in April or May
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in pairs or in small mating balls of four to six individuals (again, Seigel in Rossman et al.,
1996). Between August and October (Phillips et al., 1999; Stanford, 2002), T. r. radix
bears five to 60 young (Harding, 1997); the average clutch size in a northern Illinois
population was 18.4 individuals (Stanford, 2002). Eastern plains garter snakes consume
earthworms, leeches, snails, frogs, toads, and salamanders (Harding, 1997), as well as
newborn mice (Tennant, 2003). Seigel (1984) noticed that a Missouri population of this
species showed seasonal dietary shifts, preying upon earthworms in spring and fall and
frogs in summer. Predators of the eastern plains garter snake include birds, mammals,
and ophiophagus snakes.
The eastern plains garter snake can be found in central and northern Illinois,
southern Wisconsin, eastern Iowa, and southeastern Minnesota, with relict populations
found in Ohio (see Conant and Collins, 1991 range map). The former extent of the
tallgrass prairie consists of 83% of this serpent’s current range. In Illinois, Thamnophis
radix radix can be found in a number of Grand Prairie counties. This species inhabits
remnant tallgrass prairies, grasslands, and wet prairies (Rossman et al., 1996; Harding,
1997), and has a penchant for moist, loamy black prairie soils (Harding, 1997). According
to Conant and Collins (1991), the eastern plains garter snake is found near prairie
potholes and sloughs, and in river valleys and, though less common there now, in urban
green areas. Crayfish burrows provide daily refugia (Dalrymple and Reichenbach, 1984),
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while hibernation sites include rock outcroppings, burrows, and old foundations
(Harding, 1997).
Thamnophis radix radix achieves densities higher than any of its congeners
(Rossman et al., 1996), likely augmenting the substantial number of deceased individuals
found on roads and after mowing in some areas (e.g., Dalrymple and Reichenbach,
1984). Tennant (2003) explains that the eastern plains garter snake has suffered from
severe habitat degradation from agricultural practices and Harding (1997) lamented the
large number of harmless T. r. radix killed by “fearful and ignorant people.”

Thamnophis sirtalis semifasciatus (Cope, 1892) and Thamnophis sirtalis sirtalis (Linnaeus,
1758). The eastern garter snake (Thamnophis sirtalis sirtalis) and the Chicago garter snake
(Thamnophis sirtalis semifasciatus) are both subspecies of the common garter snake.
Although almost perfunctorily separated in the literature, most authorities (Rossman et
al., 1996; Harding, 1997; Tennant, 2003) question the validity of the Chicago garter snake
subspecies. In this manuscript, the eastern and Chicago garter snakes will be described
together using the moniker “common garter snake”, which here excludes all other
subspecies. I have attempted to clearly note cases where biological or ecological
differences appear to differentiate the two subspecies in question by using the names
eastern and Chicago garter snakes.
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Carl von Linne described the common garter snake (Thamnophis sirtalis) in 1758
using a specimen collected by Pehr Kalm in Canada (Linne, 1758). Edward Drinker Cope
first described the Chicago garter snake (Thamnophis sirtalis semifasciatus) in 1892 based
on a large number of specimens collected by Robert Kennicott in Aux Plaines, Illinois
(likely modern day Glenview, Illinois near the Des Plaines River) (Cope, 1892). Conant
and Collins (1991) describe the common garter snake as “extremely variable in
coloration and pattern”, normally with a brownish background color and one yellow
dorsal stripe and lateral stripes on scale rows two and three and reaching a total length
between 45.7 and 66 cm. According to Cope (1892) T. sirtalis semifasciatus resembles T.
sirtalis sirtalis in “color and proportions”, except that the lateral stripes of the Chicago
garter snake are striped by connecting dark spots on the last fifths of its body. My
research did not reveal any genetic analyses regarding these two subspecies.
The common garter snake is primarily diurnal (Rossman et al., 1996) and
reportedly has the longest activity season (and coldest temperature tolerance) of any
North American snake (Rossman et al., 1996). This ophidian is generally active from
March to November (Ernst and Barbour, 1989). Mating, sometimes involving copulatory
balls (Ernst and Barbour, 1989), occurs when this species emerges from it hibernacula,
sometimes as early as March in southern Illinois (Phillips et al., 1999). Between July and
October (Phillips et al., 1999), this viviparous snake bears up to 80 young, although 11 –
26 is most common (Ernst and Barbour, 1989 and references therein). The common
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garter snake is a generalist feeder (Rossman et al., 1996), consuming frogs, salamanders,
small snakes, fish, nestling birds, small mammals, earthworms, leeches, slugs, snails,
spiders, and insects (Ernst and Barbour, 1989). Predators of this ophidian include
mammals, birds, other snake, and amphibians that consume young garter snakes (Ernst
and Barbour, 1989). Humans are the common garter snake’s biggest threat, killing
thousands each year via habitat destruction and road use (Ernst and Barbour, 1989).
The common garter snake occupies southern Canada and all of the eastern
United States, with the exception of Maine and most of New Hampshire, reaching
southeastern Texas (see Conant and Collins, 1991 range map). The range of the Chicago
garter snake includes southeastern Wisconsin, northeastern Illinois, and northwestern
Indiana (Ernst and Barbour, 1989; Rossman et al., 1996). The common garter snake
occupies a wide variety of habitats, many of which are moist (Ernst and Barbour, 1989),
these include: deciduous woods, prairies, fields, meadows, marshes, ponds, edges of
streams and drainage canals, trash dumps, city lots, parks, and cemeteries (Conant and
Collins, 1991; Ernst and Barbour, 1989). The highest recorded density of common garter
snakes was in remnant Ohio prairie, with 45 to 89 snakes found per hectare (Dalrymple
and Reichenbach, 1984). According to Ernst and Barbour (1989), hibernacula include a
variety natural (e.g., rock crevices, crayfish and mammal burrows, ant mounds, stumps)
and man made (e.g, old wells, cisterns) elements.

217

Tropidoclonion lineatum (Hallowell, 1856). Tropidoclonion lineatum, also known as the lined
snake, was first described by Edward Hallowell, a 19th century physician and
herpetologist, in 1856 based on a specimen collected in Kansas by a Dr. Hammond.
Hallowell (1856) described the coloring of this species, which resembles a garter snake:

“Brown above, with three narrow yellow dorsal vittae; the middle
occupying one row and half of the adjoining row of scales; head above
brown; upper jaw light yellow; abdomen and under part of tail yellow,
with a double row of triangular spots of bluish green color along the
middle and base of tail.”

Conant and Collins (1991) add that the lined snake, which reaches an adult
length between 22.4 and 38 cm, can also be distinguished by a double row of black halfmoons located on the belly, its keeled scales, and undivided anal plate.
Tropidoclonion lineatum is a nocturnal (Conant and Collins, 1991), and sometimes
crepuscular (Ernst and Barbour, 1989) ophidian active from late February to early
November (Ernst and Barbour, 1989). Mating usually occurs in the fall (e.g., September),
then the female stores the sperm over winter and gives birth to 7 – 8 live offspring in
August (Ernst and Barbour, 1989, Tennant, 2003). This secretive, semi-fossorial species
(Ernst and Barbour, 1989) consumes earthworms (Ernst and Barbour, 1989; Conant and
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Collins, 1991), as well as sowbugs (Tennant, 2003). It is preyed upon by ophiophagous
snakes, mammals, and birds (Ernst and Barbour, 1989).
The lined snake is found from Illinois, west to South Dakota and down through
Colorado in disjunct regions (Conant and Collins, 1991). In Illinois, this species is rare
and known from only a few locations (Phillips et al., 1999). However, approximately 38%
of the lined snake’s current range overlaps with the historic extent of the of the tallgrass
prairie, giving weight to Ernst and Barbour’s (1989) claim that this species was once a
part of “our original prairie fauna.” The lined snake occupies open prairies, savannas,
and can be found in abandoned lots in urban areas (Ernst and Barbour, 1989; Conant
and Collins, 1991). According to Tennant (2003), this species is most often located
beneath rocks.
Ernst and Barbour (1989) noted that little had been published about the lined
snake since the 1960’s, a condition still existing today (pers. obs), and called for thorough
ecological study of this species.

Family Xenodontidae
Heterodon nasicus gloydi (Edgren, 1952). Baird and Girard first described the species
Heterodon nasicus in 1852; the subspecies Heterodon nasicus gloydi (also known as the
dusty hognose snake) was first described by Richard A Edgren in 1952, who named is
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for Dr. Howard K. Gloyd11 (Edgren, 1952). The type specimen was collected by Kellogg12
in Wheelock, Texas in Robertson County (Edgren, 1952).
Hognose snakes are characterized by relatively thick bodies, an up-turned scale
at the tip of their snout, strongly keeled scales, and a divided anal plate. According to
Tennant (2003), all members of the genus Heterodon are distinguished by mildly toxic
saliva and hinged, upper rear fangs. This species is known for flattening its head like a
puff adder when disturbed, hissing, and convincingly playing dead, complete with the
tongue lolling out13.
Heterodon nasicus gloydi total adult length is 42.5 – 62.6 cm (Tennant, 2003). The
dusty hognose snake has a grayish-tan ground color that does not differ dramatically
from the blotch color (Egren, 1952), while its belly is predominantly black, punctuated
by scattered “yellowish-white blotches” (Tennant, 2003). H. n. gloydi is differentiated
from the plains hognose snake (Heterodon nasicus nasicus) by its lesser number of large
brownish dorsal blotches, counted from the head to the anal plate, and faded color
(Edgren, 1952). Male and female dusty hognose snakes have less than 32 and 37 large
dorsal spots, respectively, while male and female plains hognose snakes have greater
than 35 and 40 spots (Egren, 1952).

Howard K. Gloyd was the author of The Rattlesnakes, Genera Sistrurus and Crotalus (Tennant, 2003).
Edgren (1952) does not provide an more details about the name of the type specimen collector.
13 This behavior was observed by the author in both the western and eastern hognose snakes.
11
12
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The dusty hognose snake is primarily diurnal, but becomes crepuscular, or even
nocturnal, during very hot weather (Tennant, 2003). According to Phillips et al., (1999),
the western hognose snake mates in the spring, although Tennant (2003) noted that
Heterodon nasicus gloydi may breed in alternate years. Between 4 and 23 eggs are laid in
early June and August; hatching after 52 – 64 days (Tennant, 2003). This ophidian eats
primarily small mammals, as well as, amphibians, small reptiles, the eggs of reptiles and
birds, and some carrion (Tennant, 2003). H. n. gloydi is likely preyed upon by raptors and
midsized mammals (see Phillips et al., 1999).
Heterodon nasicus gloydi can be found in both southeastern Kansas and Missouri,
eastern Oklahoma, and much of Texas (Edgen, 1952). Conant and Collins (1991) add that
isolated colonies are found in the sand prairies of western Illinois (e.g., Lee County – see
Phillips et al., 1999) and neighboring Iowa. The pre-European extent of the tallgrass
prairie coincides with 17% of H. n. gloydi’s current range. This species is considered to be
uncommon and can be found in an array of sandy soiled habitats including prairie,
grassy areas, and open forests (Tennant, 2003, see also Conant and Collins, 1991).

Heterodon nasicus nasicus (Baird and Girard, 1852). Baird and Girard (1852) first described
the western hognose snake in 1852, known today as the plains hognose snake. The type
specimen was collected by General S. Churchill in Texas along the Rio Grande (Baird
and Girard, 1852; 1853).
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Mature individuals of Heterodon nasicus nasicus reach a total length between 37.5
and 62.5 cm (Tennant, 2003), but exhibit a cline of increasing average length from south
to north in the United States (Platt, 1969). The ground color is light brown or yellowish
gray, with dorsal blotches lightly outlined in black (Baird and Girard, 1853). Like the
dusty hognose snake, H. n. nasicus has an inky black belly with a smattering of small,
squarish yellow markings (pers. obs.). As noted by Egren (1952), the relatively sharp
contrast between ground color and dorsal blotches is one characteristic separating this
subspecies from the dusty hognose snake (Heterodon nasicus gloydi). Additionally, H. n.
nasicus, as compared to H. n. gloydi, has smaller mean lengths of blotches, mean length of
interspaces between blotches, and mean length of blotch and interspace14 (Platt, 1969).
According to Platt (1969), the nasicus and platyrhinos lines of Heterodon have “had a long
history of separate evolution” having likely been separate lineages since the MiocenePliocene.
The plains hognose snake shares many characteristics in common with the dusty
hognose snake (see above) including its reproductive timing, prey species, predators,
and threat displays. Tennant (2003) described two differences between the two
subspecies: 1) Heterodon nasicus nasicus is largely crepuscular, based on field work
completed in central Kansas, and 2) it was noted that H. n. nasicus has a brief copulatory

For Heterodon nasicus nasicus and Heterodon nasicus gloydi, respectively, mean length of blotches is 2.0 and
2.6, mean length of interspace is 1.5 and 2.0, and mean length of blotch and interspace is 3.5 and 4.6 as
determined by Platt (1969) and measured in dorsal scales.
14
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period in fall. Platt (1969), in his Kansas study, found H. n. nasicus to be active from late
April and May to October.
According to Egren (1952), Heterodon nasicus nasicus could be found from the
Texas panhandle, west to New Mexico, and north through Oklahoma and Kansas to
Manitoba. Conant and Collins (1991) also added that isolated colonies excited in central
Wyoming, northwest Colorado, northeastern South Dakota, southern Minnesota,
western Iowa, and western Illinois. My calculations reveal that the range of this species
overlaps only 18 % with the historic extent of the tallgrass prairie and today it can be
found in Illinois sand prairies (Phillips et al., 1999). As the range descriptions indicate,
the plains hognose snakes exist in localized populations and are generally uncommon
(Tennant, 2003). Individuals are often found near areas of seasonal water containing
gravelly/sandy soil appropriate for burrowing, and ground cover (Tennant, 2003). Using
a number of qualitative descriptions within the literature, Platt (1969) compiled a list of
optimum habitat characteristics for the western hognose: well-drained soil, loose silty or
sandy surface soil, sparse vegetation cover, proximity to water, and climate consistent
with the grassland biome.

Heterodon platirhinos (Latreille, 1801). Pierre André Latreille, a productive French
entomologist active between 1790 and his death in 1833, described the eastern hognose
snake in 1801 from an unidentified type specimen, despite having never left his home
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country (Dupuis, 1974). Heterodon platirhinos shares a number of characteristics in
common with other members of its genus, including its up-turned snout, keeled scales,
and divided anal plate, although it can be differentiated from other species as the
underside of its tail is lighter than the belly (Conant and Collins, 1991). Its coloration and
pattern is highly variable (Connant and Collins, 1991; Harding, 1997), although most
individuals have dark brown blotches on a yellow ground color (Tennant, 2003).
Tennant (2003) noted that H. platirhinos also undergoes ontogenetic color change:
individuals often darken with age. This thick bodied snake often reaches an adult length
between 51 and 84 cm (Conant and Collins, 1991), with individuals found further north
having longer average lengths (Platt, 1969).
Heterodon platirhinos is typically diurnal, becoming crepuscular only warmer
months (Harding, 1997). In the Great Lakes region, this species is active from mid April
to mid October (inferred from Harding, 1997) with most mating taking place in April
and May (mating has also been reported in September) (Harding, 1997). In June and
July, an average of 22 eggs (Tennant, 2003) are laid in shallow burrows, although the
number of eggs produces can range from 4 to 61 (Harding, 1997). According to Harding
(2000), the eggs usually hatch after 50 to 65 days in August or September. Like other
hognose snakes, H. platirhinos can put on a remarkable defensive display; it is also
known to use its snout as a plow through leaflitter (Tennant, 2003) and to make and
enlarge burrows (Harding, 1997). H. platirhinos specializes in preying upon toads and
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frogs (Conant and Collins, 1991), which it locates by scent (Harding, 1997). This species
is preyed upon by hawks, other snakes, and mammals (Harding 2000; Plummer and
Mills, 2000) and adults are estimated to have only 50% survivorship during their activity
season (Plummer and Mills, 2000); mortality appears to be largely the result of predation
(see Plummer and Mills, 2000).
Heterodon platirhinos is found in most of the eastern United States and ranges
from extreme southern New Hampshire, west to Minnesota, south through Texas and
east to Florida (Conant and Collins, 1991). Plummer and Mills (2000) calculated the
homerange of the eastern hognose snake to be 50.2 ± 6.4 ha; however, this statistic
appears to have been calculated using a combination of homerange and activity range
measurements based on 20 active day locations that sometimes included over-wintering
sites. H. platirhinos utilizes a variety of habitats, ranging from open pine woodlands to
pastures (Harding, 1997), although sandy areas are preferred (Conant and Collins, 1991).
According to Platt (1969), optimum habitat characteristics for this species include welldrained soil, a loose or sandy surface soil, open vegetation cover, nearness to water, and
a climate consistent with the eastern deciduous forest biome. In Illinois, this species is
uncommon in the Grand Prairie, but is more abundant in areas of major sand deposits
(Phillips et al., 1999). Dodd (1987) listed H. platirhinos as a species in need of conservation
and management and listed malicious killing as its primary threat. Additionally,
Harding (2000) has stated that H. platirhinos “has become an uncommon-to-rare snake in
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many part of the region where it was reasonably common only a decade or two
previously.”
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Appendix 3: Range maps produced by the author to quantify range overlap with
prairie habitat for select species. Ranges maps (provided by the publishers of Conant
and Collins, 1991) and prairie extent (adapted from Robertson et al., 1997) were
digitized by the author.
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Eastern Wormsnake
Scarletsnake
Kirtland's Snake
Eastern Racer
Ring-necked Snake
Great Plains Ratsnake
Gray Ratsnake
Western Foxsnake
Mudsnake
Western Hog-nosed Snake
Eastern Hog-nosed Snake
Prairie Kingsnake
Common Kingsnake
Milk Snake
Coachwhip
Mississippi Green Watersnake
Plain-bellied Watersnake
Southern Watersnake
Diamondback Watersnake
Northern Watersnake
Rough Greensnake
Smooth Greensnake
Gophersnake
Graham's Crayfish Snake
Queen Snake
Dekay's Brownsnake
Red-bellied Snake
Flat-headed Snake
Western Ribbonsnake
Plains Gartersnake
Eastern Ribbonsnake
Common Gartersnake
Lined Snake
Eastern Smooth Earthsnake
Copperhead
Cottonmouth
Timber Rattlesnake
Massasauga

Carphophis amoenus
Cemophora coccinea
Clonophis kirtlandii
Coluber constrictor
Diadophis punctatus
Elaphe guttata emoryi
Elaphe obsoleta spiloides
Elaphe vulpina
Farancia abacura
Heterodon nasicus
Heterodon platirhinos
Lampropeltis calligaster
Lampropeltis getula
Lampropeltis triangulum
Masticophis flagellum
Nerodia cyclopion
Nerodia erythrogaster
Nerodia fasciata
Nerodia rhombifer
Nerodia sipedon
Opheodrys aestivus
Opheodrys vernalis
Pituophis catenifer
Regina grahamii
Regina septemvittata
Storeria dekayi
Storeria occipitomaculata
Tantilla gracilis
Thamnophis proximus
Thamnophis radix
Thamnophis sauritus
Thamnophis sirtalis
Tropidoclonion lineatus
Virginia valeriae
Agkistrodon contortrix
Agkistrodon piscivorus
Crotalus horridus
Sistrurus catenatus

33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33

DB
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33

HB
49
49
33
20
20
*
33
33
*
20, 33
20, 33
33
49
20
*
*
20
*
*
20
*
33
*
*, 33
20
33
20
*
20
33
20
33
33
12
33
*
20
49

AR
28, 33
31, 33
20, 33
20, 28, 33
20, 33
33
20, 33
20, 33
28, 33
11, 33, 34
20, 28, 33
28, 33
28, 33
20, 28, 33
33
33
20, 33
33
28, 33
20, 33
28, 33
20, 33
20, 33
20, 28, 33
20, 33
20, 33
20, 33
33
20, 33
20, 33
20, 33
20, 33
28, 33
28, 33
28, 33
28, 33
20, 33
20, 28, 33

BS
33
33
20, 33
20, 36, 42
15, 20
30, 33
20, 33
20, 33
33
33, 34
20, 33, 34
15, 33
33
20, 33, 54
18, 33
33
20, 33
33
33
20, 33
13, 19
20, 39
24, 33
20, 33
47, 56
20, 33
2, 20
16, 33
33
20, 33
20, 33
20, 33
33
33
33
33
20, 33
20, 33

LS
1
33, 37
46, 50
26
46
46
46, 53
46
46
34, 46
34, 46
15, 27
8, 46
17, 46
33
29, 46
29, 46
29
29, 46
48, 46
46
46, 51
21, 41, 46
29, 46
38, 46
22, 35, 46
4, 35
10, 46
33
46
7, 46
46
46
46
43, 46
6, 25
9, 46
23, 46, 57

FB

Natural and Life History Factors
HR
33, 49
33
33
*
33
33
33
33, *
33
33
49
49
*
49
33, *
49, *
49, *
49, *
49, *
49, *
33
33, *
49
49
33
49
33
33
*
*
*
*
33
33
49
33
33
33

12
45
45
12
12
12
45
45
12
45
12
45
45
45
12
N/A
12
N/A
45
45
45
45
12
N/A
12
45
45, *
N/A
12. *
45
45
45
N/A
N/A
12
12
12
45

MA

FR
1
N/A
20
32
32
12
20
20
40
32
32
15
12
20
N/A
#
#
#
12
5, 25
32
20
32
12
20
20
3
12
20
48
20
32
12
N/A
32
12
20
20

TR
52
----33
20, 49, 52
52
33
33, 49, 52
*
----33
------------33
33
33
20, 33, 49
33
33
33
33, 49
33, 49
33, 52
----33, 52
33
33
----33
33, 49, 52
20, 33, 52
33
--------33
33
33, 49, 52
33, 49, 52

for each of 38
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Appendix 4: Literature sources used to score the ten natural history, life history, and threat factors

Appendix 5: Species accumulation curve for each of 22 sites.
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Appendix 6: Species area curve for six prairie preserves.
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