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SUMMARY OF KEY COMPONENTS FOR CONSERVATION OF 
THE SMOOTH GREEN SNAKE

Although widely distributed in North America, and in numerous disjunct populations in the Great Plains and 
Rocky Mountain states, the status of the smooth green snake (Opheodrys vernalis) is poorly known in the Rocky 
Mountain Region of the USDA Forest Service. This species is known from scattered locations near streams in Nebraska 
and eastern South Dakota, but otherwise it may be rare in South Dakota, Nebraska, and Wyoming outside of the Black 
Hills and Bear Lodge Mountains. There are some indications that it is declining in numbers and geographical extent. 
However, the only protection provided in Region 2 is by the states of Wyoming, Colorado, and Nebraska where it is 
protected by state law, prohibiting commercial collection and limiting collection to individual use.

The smooth green snake is threatened through the direct and indirect consequences of habitat destruction 
from cattle grazing, logging, dewatering of streams, road building, pesticide use, and development, particularly in 
meadows, riparian areas, and mountain foothills. Smooth green snakes are at risk of mass mortality at communal 
den sites due to destruction, freezing, or flooding of dens. As with all snake species, the smooth green snake is 
susceptible to direct anthropogenic mortality from roads and human encounters. Populations could also decline 
because of reductions in invertebrate prey due to drought and other climatic extremes, or management actions such as 
the application of pesticides. The loss of habitat and dispersal corridors, and the resulting isolation of populations, put 
this species at risk of reduced genetic variability, loss of recolonization or rescue potential through connection with 
other populations, and eventually local extinction. This snake’s small body size, moderate reproductive output, high 
hatchling and juvenile mortality, and low probability of dispersal out of occupied habitats exacerbate its sensitivity 
to environmental variability.

The smooth green snake is generally found in grassy habitats and foothills habitats. In some locations in the 
Black Hills and Bear Lodge Mountain it can be abundant in moist grass and understory habitats and along forest/
meadow ecotones. The protection and preservation of currently occupied riparian and wet meadow habitats and 
their associated habitat mosaics in the Great Plains of eastern South Dakota and Nebraska, the Black Hills, Bear 
Lodge Mountains, and southern and central Rocky Mountains are essential to provide for the long-term survival 
of smooth green snakes in the West. Xerification of meadow habitats in all parts of the range due to climate change 
and/or exhaustion of surface water and groundwater supplies for irrigation and urban use are threats that will only 
increase in the future. Studies of the effects of anthropogenic threats (e.g., pesticide use, roads, impoundments, heavy 
equipment use, water pollution, cattle grazing) on smooth green snakes and approaches for ameliorating those effects 
are needed. The lack of data about most aspects of the biology of smooth green snakes (e.g., local taxonomic and 
population status, abundance, population trends, genetics of isolated populations, detailed life history data, response 
to threats) is a serious impediment when considering detailed management options for this species. This deficiency 
could be corrected by a region-wide survey and long-term monitoring of smooth green snakes in conjunction with 
other herpetological survey efforts.
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INTRODUCTION

Goal

This species conservation assessment presents 
a review of taxonomic, biological, and ecological 
information about the smooth green snake (Opheodrys 
vernalis) in North America, with an emphasis on the 
status, distribution, and management implications for 
this species in the Rocky Mountain Region (Region 
2) of the USDA Forest Service (USFS). Our goal was 
to supplement existing literature with as much current 
data as were available. We have attempted to understand 
and model the population dynamics of smooth green 
snakes to determine the crucial stages in their life 
cycle and to provide a range of possible scenarios and 
their consequences for population viability. A model 
of smooth green snake geographical distribution is 
presented to improve researchers’ chances of finding 
additional populations and to focus limited research 
time and effort to those places that most likely support 
smooth green snake populations. We hope that these 
models will be useful to managers and others who 
seek to understand and contribute to the conservation 
of reptile.

Scope

Data and information for this assessment were 
gathered from the herpetological literature, “gray” 
literature (i.e., unpublished reports and data), museum 
records, recent fieldwork (especially in South Dakota 
and Wyoming), reports from management agencies, 
symposia and conference proceedings, descriptions 
of conservation plans, and the most current data 
maintained by the state Natural Heritage Programs in 
the states encompassing Region 2.

The taxonomy of the genus Opheodrys is in 
dispute. Most references to the western subspecies (O. 
vernalis blanchardi) are directly relevant to Region 
2; following Grobman (1992), some authors refer to 
the Black Hills population as the eastern subspecies 
(O. vernalis vernalis). This conservation assessment 
concentrates on data and information about the smooth 
green snake in Region 2 when such data are available. 
For most aspects of its biology, however, no studies 
have been done on this species within Region 2. 
Thus, some extrapolation must be made from research 
conducted outside of Region 2 and on related taxa and 
ecologically similar species.

Uncertainty

Because this species is small and cryptic, it is 
easily overlooked by field workers and the public. Hence, 
little is known about it throughout most of its range but 
especially in the western United States. Until recently, 
few studies, surveys, or inventories have focused on 
the smooth green snake; much of what is known about 
this species comes from incidental observations and 
collections. In such a dataset, sampling error is a crucial 
factor, not only because the sample size is small but 
also due to the highly localized and sporadic nature of 
the “sampling.” Thus, it is difficult to determine if the 
number or frequency of observations in a given region is 
indicative of abundance or density of the smooth green 
snake or of its human observers. Many records have no 
ecological or other information associated with them, 
and most lack geographic precision. Behavioral and life 
history data about western populations are non-existent 
except in the Black Hills and Bear Lodge Mountains, 
and most of these data are unpublished or qualitative. 
Hence, the conclusions we draw are limited in scope 
and should be interpreted with care. The authors of 
this report know of only one, apparently unsuccessful, 
attempt at conservation management of the smooth 
green snake. More research and monitoring are needed 
to improve our knowledge of all aspects of the biology 
of this species and especially to determine management 
steps that are needed to avoid population declines and 
local extinction in Region 2.

Publication on the World Wide Web

Publication of species conservation assessments 
on the USFS Region 2 website (http://www.fs.fed.us/
r2/projects/scp/assessments/index.shtml) allows rapid 
dissemination of information to USFS personnel, other 
agencies and organizations, and the public, as well as 
facilitating updates and future revisions.

Peer Review

In keeping with the standards of scientific 
publication, assessments developed for the Species 
Conservation Project have been externally peer reviewed 
prior to their release on the Web. This assessment was 
reviewed through a process administered by the Society 
for Conservation Biology, which chose two recognized 
experts (on this or related taxa) to provide critical input 
on the manuscript.
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MANAGEMENT STATUS AND 
NATURAL HISTORY

Management Status

During a two-year process devoted to revising 
the USFS Region 2 Sensitive Species List, the 
USFS evaluated whether the smooth green snake 
was warranted for inclusion on that list. The revised 
list was placed into effect December 2003 [FSM 
2670.5 (19)] [http://www.fs.fed.us/r2/projects/scp/
sensitivespecies/index.shtml]. Ultimately, Region 
2 concluded that the evidence of a regional-level 
viability problem was insufficient to justify regional 
sensitive species status. However, recognition that 
many populations may be small, disjunct, and subject 
to severe problems of habitat loss, degradation, and 
fragmentation in some areas, led to a recommendation 
that individual forests should evaluate whether this 
species deserved special management attention as a 
species of more localized concern.

Colorado, Nebraska, and Wyoming are the 
only states within Region 2 that afford this species 
the protection of state law, prohibiting collection 
without a state-issued permit or restricting collection 
to small numbers for individual, non-commercial use 
(M. Fritz personal communication 2003, T. Jackson 
personal communication 2006, B. Turner personal 
communication 2006). The smooth green snake is also 
protected in Iowa, Indiana, Missouri, Montana, and 
North Carolina (Ernst and Ernst 2003).

NatureServe (2006) ranks the smooth green 
snake as G5, meaning that it is common/not imperiled 
throughout its North American range. NatureServe also 
reports the ranks given by various state Natural Heritage 
Programs in Region 2. This species is considered 
critically imperiled (S1) in Nebraska, imperiled (S2) 
in Wyoming, and apparently secure (S4) in Colorado 
and South Dakota. The Colorado Heritage Program 
does not actively track the status of the smooth green 
snake, but the Colorado Division of Wildlife considers 
it a species of special concern (T. Jackson personal 
communication 2006). The Kansas state heritage 
rank for this species is SR (“Reported”), denoting 
that the species was reported from only one specimen 
collection that lacked good geographic precision and 
whose identification was questionable.

Existing Regulatory Mechanisms, 
Management Plans, and Conservation 

Strategies

No regulatory mechanisms, management plans, 
or conservation strategies exist that focus specifically 
on the smooth green snake. Only two snake species (salt 
marsh snake [Nerodia clarkii taeniata], Concho water 
snake [N. paucimaculata]) currently have recovery 
management plans (U.S. Fish and Wildlife Service 
1993a, 1993b). The most important aspects of these 
plans that also apply to the smooth green snake are 
preservation of habitat and maintenance of large, viable, 
populations for continued existence and conservation 
of genetic integrity. Beyond these two species, non-
venomous serpents have received little attention from 
conservation, wildlife, and land management agencies. 
For instance, in Nebraska where the smooth green 
snake is considered critically imperiled by the Nebraska 
Natural Heritage Program (NatureServe 2006), the 
Nebraska Game and Parks Commission has drafted 
no management plans or strategies beyond prohibiting 
collection, measures that also apply to species without 
such a ranking (M. Fritz personal communication 
2003). Because of the apparent extirpation of the 
smooth green snake from northwestern Missouri 
(Johnson 1991, Levell 1997), the Missouri Department 
of Conservation attempted to reintroduce the species, 
but these efforts have not met with success (J. Briggler 
personal communication 2003).

Biology and Ecology

Description and systematics

The smooth green snake is a small, slender, non-
venomous, colubrid snake with an unmarked, bright, 
satiny green dorsal surface and a white to ivory venter 
(Figure 1). Dorsal coloration is variable: from bluish 
in Kansas (Smith 1956), to a light brown with an olive 
tint in southeastern Texas (Worthington 1973), to buff 
or bronze in northern Wisconsin (Vogt 1981). A few 
specimens lack either the blue or yellow pigments 
entirely (Necker 1939). The color of preserved 
specimens varies from blue (due to the loss of the 
alcohol-soluble yellow pigment) to buff (from the loss 
of the blue pigment) (Grobman 1992). The interior of 
the mouth is bluish-black (Minton 1972). The tongue 
is pink-buff with a dark tip, and the eyes are black with 
round pupils (Messmer et al. 1995). Young snakes are 
dull olive to bluish-grey in color; hatchlings are gray to 
brown (Hammerson 1999).
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Figure 1A. Smooth green snake. Photograph by G. Hammerson, used with permission.

Figure 1B. Smooth green snake. Photograph by L. R. Cottingham, used with permission.

Figure 1. Photographs of the smooth green snake.
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As its name implies, the scales of the smooth 
green snake are smooth and lack keels, distinguishing 
it from the rough green snake (Opheodrys aestivus). 
Smith (1956) described scalation thus: an entire nasal; 
preocular usually single, but double in 28.5 percent 
of specimens; two posterior temporals; usually seven 
supralabials and eight infralabials; 15 scale rows; anal 
and all subcaudals divided; mean ventral number in 
males = 134, in females = 145; mean subcaudal number 
in males = 88, in females = 75. Maximum length 
recorded is 660 mm (Conant 1975), although the vast 
majority of specimens are considerably shorter. The tail 
comprises approximately 1⁄4 to 1⁄2 of total length, with 
males having longer tails than females. Stille (1954) 
reported lower mean ventral counts for both males and 
females in the Chicago area. Minton (1972) reported 
slightly larger mean numbers for ventral and subcaudal 
counts and relatively longer tails for Indiana specimens. 
Hemipenial morphology is discussed by Rossman and 
Schaefer (1974) and Cope (1900) provided a drawing of 
the hemipenis (reproduced in Walley 2003.)

The systematics of the genus Opheodrys 
(Fitzinger) has been in flux (see Vogt 1981 for a detailed 
account of synonyms until 1981, and Oldham and 
Smith 1991 for a discussion of all species and their 
nomenclature that have been assigned to the genus 
Opheodrys). Oldham and Smith (1991) concluded that 
the genus Opheodrys and the new genus Liochlorophis 
are monotypic, with Opheodrys containing only O. 
aestivus, the rough green snake, and Liochlorophis 
containing only L. vernalis. Furthermore, Crother 
(2000) disagreed with the generic designation made 
by Oldham and Smith (1991) and retained Opheodrys. 
Subsequently, Walley (2003) adopted Liochlorophis.

Grobman (1941) split Opheodrys vernalis into 
two subspecies: O. vernalis vernalis in the eastern 
United States and O. vernalis blanchardi in the West. 
Smith et al. (1991) concurred with this classification, 
citing differences in ventral scutellation. Grobman 
(1992) conducted an extensive examination of 2,174 
museum specimens from throughout the range of O. 
vernalis and concluded that a third subspecies, O. v. 
borealis, exists in the Canadian Maritime Provinces. 
He also concluded that environmental variables (e.g., 
ambient temperature) can affect geographic variability 
in metamerism.

Temperature during embryonic development of 
garter snakes (Thamnophis elegans) has been shown 
to influence the number of ventral scutes (Fox et al. 
1961), and this could complicate the use of ventral 
scute numbers for taxonomic purposes. For this reason, 

Peterson (1974) did not split this species. However, in 
contrast to the studies of Fox et al. (1961) that suggested 
a temperature effect on ventral scale count, Arnold and 
Peterson (2002) demonstrated experimentally that 
for garter snakes, reaction norms for development of 
ventral scalation were unrelated to temperature variation 
(although various developmental abnormalities did 
show temperature effects). If similar reaction norms 
apply to colubrids in general, then the scale count 
differences cited by Grobman (1992) for subspecific 
differentiation might yet be valid.

Disagreements on the taxonomic status of the 
genus and species are likely to continue until definitive 
taxonomic and genetic research is conducted. No 
studies have yet been published on genetic variation in 
this species or its subspecies, but a genetic study is in 
progress by one of the authors of this report (Smith). 
In this assessment, we withhold judgment about 
both generic and subspecific status but discuss the 
implications of possible subspecific status or significant 
genetic variation in populations in the Black Hills and 
Bear Lodge Mountains. Because authors have often 
referred to presumed subspecies within Opheodrys 
vernalis, we retain these distinctions in this assessment. 
For convenience and consistency in reference to this 
species in the face of taxonomic uncertainty, we retain 
the generic name Opheodrys.

Distribution and abundance

The smooth green snake is one of the most 
widely distributed snake species in North America 
(Figure 2). Its current longitudinal distribution ranges 
from the Canadian Maritime Provinces and the 
Appalachian Mountains of Virginia to Saskatchewan 
and Utah. Similarly broad is its latitudinal range; this 
species is found from southern Canada through the 
midwestern prairies of Illinois, Iowa, and Nebraska 
(and possibly northern Missouri), then following the 
foothills of the Rocky Mountains into northeastern 
Utah and south through Colorado into New Mexico 
(Figure 2). The most southerly occurrences are in the 
state of Chihuahua, Mexico, but the species appears 
to be exceedingly rare there (J. Campbell personal 
communication 2005). An isolated population is also 
known from the Texas coast near Houston (Worthington 
1973, Stebbins 1985, NatureServe 2006). Stille (1954, 
Figure 2 in original) presented a map of the North 
American distribution of the smooth green snake that 
seems to demonstrate an apparently strong relationship 
between the southern edge of this species’ distribution 
and mean daily temperature extremes for May. No clear 
relationships with temperature or other variables have 
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Figure 2.  North American range map of the smooth green snake. (Adapted from Ernst and Ernst 2003, Stebbins 
2003, and data contributed by the Natural Heritage Programs and various state wildlife agencies in Colorado, Kansas, 
Nebraska, South Dakota, and Wyoming.)

been presented in the literature to explain the northern 
edge of its distribution.

The North American distribution of the smooth 
green snake has shifted to the north considerably since 
the end of the Pleistocene, when it was found as far 
south as Florida and as far north as Indiana (Holman 
and Richards 1981, Holman 2000). Holman pointed 
out that the Indiana fossil locality contained armadillo, 

wood rat, and rice rat fossils, making it very similar 
to the present Texas coast location for smooth green 
snakes. All known fossil localities, except the Florida 
location, are within its current range, which includes 
glaciated areas with a variety of habitat types.

The eastern subspecies, Opheodrys vernalis 
vernalis, extends west into Saskatchewan, northern 
North Dakota, north-central Minnesota, eastern 
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Wisconsin, and south to Indiana. A narrow intergradation 
zone between subspecies exists in southern Canada 
(according to Cook 1964, but see Grobman 1992 
for a differing opinion), central Minnesota, through 
Wisconsin to northern Indiana and central Ohio 
(Grobman 1941, Stebbins 1985, Grobman 1992, 
Stebbins 2003, R.C. Stebbins personal communication 
2003). Grobman (1992) also considered the Black Hills 
and Bear Lodge Mountains populations, as well as two 
locations in east-central Wyoming, to be the eastern 
subspecies, apparently a relict of a more westerly extent 
of the range of the eastern subspecies during the retreat 
of the North American ice sheets.

The western subspecies, Opheodrys vernalis 
blanchardi, has a very patchy distribution in the 
western prairie and mountain states, with small, widely 
scattered, discontinuous populations in Iowa (LeClere 
2006), the Dakotas, Montana, Nebraska, Wyoming, 
and Utah. Healthy but localized populations of this 
subspecies are found in the Black Hills and probably in 
the Bear Lodge Mountains as well (Smith unpublished 
data). Specimens are known from widely scattered 
localities in the foothills of the Rocky Mountains on 
both sides of the Continental Divide in Colorado into 
south-central New Mexico. Helen Gaige collected the 
holotypes of O. vernalis blanchardi at an elevation of 
8,000 ft. in the “Spanish Peaks” area (no precise locality 
stated) of southern Colorado in 1925 (Grobman 1941).

Smooth green snakes occur in at least 24 isolated 
populations in the midwestern and western United 
States, and Mexico (Ernst and Ernst 2003). The large 
range shown in Colorado in Figure 2 is more likely 
to be a metapopulation composed of at least seven 
separate subpopulations (Figure 3.) The present highly 
disjunct distribution of this species has been attributed 
to climate and vegetation changes resulting from 
glacial retreat ca. 11000-13000 ybp (Worthington 1973, 
Hammerson 1982, Holman 2000). Paleoecological 
research has indicated that Holocene climate in the 
Laramie Basin was probably cooler and wetter than it is 
currently (Mears 1981, Elliott-Fisk et al. 1983). These 
conditions may have permitted a less fragmented range 
of smooth green snake populations than the presently 
disjunct range. Extant populations in the western states 
have probably been isolated for at least the last 8,000 to 
13,000 years.

Only two numerical estimates of smooth green 
snake abundance and population density have been 
published, and neither is from near Region 2. In a 

field southwest of Chicago, Seibert (1950) estimated 
a density at 44 to 74 snakes per acre, depending on 
the estimation method used. Seibert and Hagen (1947) 
calculated smooth green snake density in Illinois to be 
approximately 74 per acre. By contrast, the rough green 
snake can attain much higher densities (approximately 
295 per acre; Plummer 1997); this is probably due to the 
predilection of rough green snakes to occupy warmer, 
more mesic southern locations with higher insect (the 
major prey of the species) productivity. Rough green 
snake densities can vary considerably on an annual 
basis, as can the densities and population sizes of other 
small colubrids (Shine and Mason 2004). It is not clear 
how high smooth green snake densities could reach 
under optimal conditions in their various high altitude 
locations in Region 2, or whether such conditions 
even occur in western populations. Most occurrences 
within Region 2 for which we have data mention the 
observation only of individual animals, except in the 
Black Hills and Bear Lodge Mountains.

Population trend

No studies specifically address population trends 
for the smooth green snake anywhere in its range. 
Anecdotal accounts from various areas throughout its 
range suggest that they are not found in the abundance 
that they were in the past (if they are found at all now) 
(Johnson 1991, Holman 2000, LeClere 2006). Recent 
survey work in northwestern Indiana (Brodman et 
al. 2002) indicated that this species had declined and 
possibly had been locally extirpated. The current 
distribution of the smooth green snake in Iowa and 
Missouri is not clearly known, but there is some 
indication that extirpation of some populations has 
occurred in these states (Johnson 1991, Levell 1997, 
LeClere 2006). Populations that were once probably 
widespread across Iowa are now scattered and reduced, 
possibly to as few as 10 populations, apparently due 
to habitat destruction and pesticide use (LeClere 2006 
and included references). Johnson (1991) attempted a 
translocation project because smooth green snakes had 
been extirpated in northwestern Missouri. Smith et al. 
(2004) failed to find this species at any northern Great 
Plains National Park Service units that they surveyed 
in 2002-2003, despite the presence of apparently 
suitable habitat. However, the occurrence data we have 
acquired allow no firm inference about abundance or 
trends in abundance in Region 2, except for the Black 
Hills and Bear Lodge Mountains populations, where 
the populations appear to be healthy (Hall and Smith 
unpublished data 2004).
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Activity and movement patterns

Most reports of activity indicate that smooth green 
snakes are diurnal (Degenhardt et al. 1996, Hammerson 
1999, Smith and Hall unpublished data). Seibert and 
Hagan (1947) noted activity when air temperatures 
ranged from 70 to 85 °F, and Peterson (1974) reported 
morning and late afternoon activity in the Black Hills. 
Like many snakes, however, they can sometimes be 
found warming themselves on paved roads at night 
(Vogt 1981, Hammerson 1999). Smith (unpublished 
observations) has occasionally found it on roads and 
basking in the open on summer mornings. When 
inactive, it shelters under logs, rubbish and boards, flat 
rocks, railroad ties, and underground. It may spend a 
considerable portion of its active season under cover. 
Smith and Hall (unpublished observations) have found 
the species to use cover at all times during the day.

Seasonal activity occurs from late April to late 
October, depending on the location (Minton 1972, 
Dymond and Fry (1932, cited by Minton 1972), 
Messmer et al. 1995). Seasonal activity in northern 
Illinois peaked in the first week of June and then again 
between mid-September and mid-October (Seibert and 
Hagan 1947). Degenhardt et al. (1996) cited collection 
dates of 13 May to 13 September in the mountain 
valleys of New Mexico.

No studies have reported estimates of home range 
size. Although red-sided garter snakes (Thamnophis 
sirtalis parietalis) are known to make long-distance 
movements away from hibernacula in the Interlake 
district of Manitoba (Gregory and Stewart 1975), 
Gregory (1977) states that smooth green snakes in the 
same area may not move far because their diminutive 
size allows them to hibernate in more microhabitats than 
the communally hibernating garter snakes. If the small 
daily movements seen by Seibert and Hagan (1947) of 
less than 10 m per day are common in other populations, 
smooth green snake populations are probably extremely 
localized and have very limited dispersal abilities into 
neighboring habitats. Minton (1972) states that they 
occur in colonies, “being numerous in one small area 
and rare or absent in the surrounding countryside.”

Habitat

Habitat for the smooth green snake is characterized 
by mesic sites with thick grassy, herbaceous, and 
shrubby vegetation, especially wet meadows. This 
species is found in wetlands within forested areas 
throughout its range, coniferous vegetation in particular 
(Johnson 1991) in northeastern North America and 

aspen stands in northeastern Utah and southern 
Wyoming. Grobman (1941) stated that the primary 
requirements of this species include a combination of 
“high altitude or latitude and a moist grassy situation”. 
In western states west of approximately 100° longitude, 
they occur predominantly at elevations between 5,500 
and 9,000 ft., especially along river valleys and riparian 
areas in mountain foothills. Rundquist et al. (1978) 
specified “meadow areas of glaciated land,” and 
Peterson (1974) specified “moist, grassy areas bordered 
by trees.” Smith and Hall (unpublished observations) 
have typically found smooth green snakes in any 
wetland or mesic area within the Black Hills (Figure 
4A) and Bear Lodge Mountains, often but not always 
surrounded by coniferous or deciduous trees. Hass 
(personal communication 2005) described the habitat 
at a recent sighting in the western Sierra Madre as a 
“transition zone between mixed sagebrush, snowberry, 
rabbitbrush, mountain shrub community and [a] wet 
draw with aspen” (Figure 4B). Less mesic grassy, 
shrubby, and rocky habitat (e.g., the rim of the Black 
Canyon of the Gunnison National Park in Colorado and 
juniper uplands near the Atlantic Rim in the southern 
Red Desert of Wyoming) is also used but less often 
(Smith and Thompson 1993. The background in Figure  
1B also illustrates smooth green snake presence in 
somewhat drier habitat than those shown in Figure 4.

The Platte River valley and other riparian areas 
appear to be strongly preferred in eastern through 
central Nebraska and eastern South Dakota. Graminoid 
vegetation forms a significant aspect of preferred 
habitat east of the Rocky Mountains (Grobman 1941, 
Johnson 1991). Brodman et al. (2002) observed this 
species in sand prairie, wet prairie, and sedge meadow 
in Indiana. Behler and King (1996) and Vogt (1981) also 
mentioned a preference for forest edges and open spots 
in pine barrens.

Hibernation with evidence of site fidelity occurs 
in anthills in Minnesota and Canada (Criddle 1937, 
Carpenter 1953, Lang 1969, Young 1973), between 
soil-filled cracks under rocks on a wooded hillside in 
New Mexico (Stuart and Painter 1993), within rotting 
logs (Gregory 1975), in gravel banks (Lachner 1942), 
and even partially covered with water (Lang 1969, 
Hammerson 1999). Denning is often communal (Lang 
1969, Stuart and Painter 1993, Behler and King 1996, 
Degenhardt et al. 1996), sometimes with other taxa 
such as garter snakes (Thamnophis), red-bellied snakes 
(Storeria), and skinks (Eumeces). Criddle (1937) noted 
that adult smooth green snakes were found in lower 
and warmer locations within anthill hibernacula, 
indicating that adults might return to dens sooner than 
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Figure 4A. Smooth green snake habitat at Mount Rushmore National Memorial in the Black Hills, western South Dakota. Photograph 
by B.E. Smith.

Figure 4B. Smooth green snake habitat in the Little Sandstone Creek drainage on the western slope of the Sierra Madre Range, 
south-central Wyoming. Photograph by A.J. Redder.

Figure 4. Photographs of smooth green snake habitat.
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young, or possibly that young need to follow scent 
trails of adults to find adequate hibernacula, as is the 
case with various serpents.

Food and feeding habits

Smooth green snakes are largely invertivorous 
(Judd 1960, Waters 1993, Hammerson 1999). Their diet 
includes ants, crickets, spineless caterpillars, spiders, 
harvestmen, moths, snails, slugs, and worms (Surface 
1906, Uhler et al. 1939, Smith 1956, Wright and 
Wright 1957, Cook 1964, Minton 1972, Waters 1993, 
Messmer et al. 1995, Hammerson 1999). While they 
appear to prefer noctuid moth larvae, they will switch 
to other prey species because of seasonal changes 
in availability (Waters 1993). Judd (1960) found a 
preference for spiders and flies but also listed a wide 
range of other insect prey. Uhler et al. (1939) found that 
stomach contents of smooth green snakes from Virginia 
contained 37 percent caterpillars, 32 percent spiders, 
20 percent grasshoppers, 10 percent ants, 1 percent 
snails and slugs, and 0.4 percent fly larvae by volume. 
One specimen ate a crayfish (Hammerson 1999). 
Invertebrates are actively hunted, using both visual 
and chemical cues, and are taken with a sudden strike 
without constriction (Smith 1956, Waters 1993).

Breeding biology

Mating of smooth green snakes has been observed 
most often in mid- to late summer: late August in 
Ontario (Smith 1956), mid- to late August in Ontario 
(Fitch 1970), and August in North Dakota (Messmer 
et al. 1995), and. Hammerson (1999) suggested that 
mating might also occur in spring. Oviposition has 
been observed in June in Wisconsin (Vogt 1981), July 
in Colorado (Hammerson 1999), and late June through 
mid-July in Manitoba (Gregory 1977). Females captured 
by Judd (1960) from 26 May-29 June in Ontario were 
all gravid.

Reported mean clutch sizes were 5 in northern 
Texas (Ford et al. 1990), 5.3 in Maryland (Groves 
1976), 6 in Wisconsin (Vogt 1981), 7 in Colorado 
(Hammerson 1999), 7.1 in Ontario (Judd 1960), 7.25 in 
Quebec (Gordon and Cook 1980), and 8.8 in Michigan 
(Sexton and Claypool 1978), with clutch size ranging 
from 2 (Mitchell 1994) to 18 (Fritts 1968), reported 
from Illinois. Degenhardt et al. (1996) suggested that 
clutch sizes decreased in the West due to smaller body 
size (e.g., see reported maximum lengths for Black Hills 
specimens cited in Smith et al. (1991)), but Grobman 
(1989) presented a regression demonstrating that mean 
clutch size is greater in the western subspecies than in 

the eastern. However, this could be due to the small 
sample size employed by Grobman (1989). Reported 
egg sizes ranged from 19-34 x 8-18 mm (Blanchard 
1933, Degenhardt et al. 1996) to 24-29 x 11-15 mm 
(Stuart 2002). Stuart (2002) reported a mean egg mass 
of 2.6 g.

Oviposition in smooth green snakes usually 
occurs in rotted logs and under rocks and other cover 
objects, but can occur in open fields under clumps of 
vegetation (Sexton and Claypool 1978). Rough green 
snakes often lay eggs in vertical fissures and under 
the bark of live trees (Plummer 1989, 1990), and it is 
possible that smooth green snakes may also use such 
sites. Greene (1997) observed that oviposition by 
a rough green snake was in a highly specific site (a 
particular hollow tree) despite the abundance of many 
apparently similar hollow trees nearby; the abundance 
of old egg shells suggested that this specific site had 
been used repeatedly. Communal nesting of smooth 
green snakes has been observed in the northern portion 
of the species’ range (Cook 1964, Fowler 1966, Gregory 
1975, Lawson 1983). Arbuckle (1999) reported a 
communal nest under a rock in Nova Scotia containing 
30 eggs, the result of oviposition by 6 to 8 females.

Incubation periods tend to be short, especially 
in the northern part of their range: 4 days in Michigan 
(Blanchard 1933), 1 to 2 weeks in Maryland (Groves 
1976), 13.2 days in Michigan (Sexton and Claypool 
1978), and 11 to 13 days at an incubation temperature 
of 22 to 32 °C in a laboratory (Stuart 2002). However, 
an incubation period of up to 30 days was noted in 
North Dakota (Messmer et al. 1995). Young hatched in 
late July through early September in Maryland (Groves 
1976), June 24 to July 31 in northern Indiana (Minton 
1972), July in Wisconsin (Vogt 1981), after 2 August 
in Illinois (Seibert and Hagan 1947), and late August 
through mid-September in the Black Hills (Peterson 
1974). Sizes of young ranged between 125 and 130 mm 
in South Dakota (T.L. Brown, cited by Degenhardt et 
al. 1996; mean SVL (snout-ventral length) = 104.8 mm, 
mean total length = 146.9 mm, with female neonates 
significantly longer than males (Stuart 2002)) and 
between 121 and 132 mm in Illinois (Fritts 1968).

Population demography

Life history parameters

Hammerson (1999) indicated that first 
reproduction by female smooth green snakes in Colorado 
probably does not occur before the third calendar year. 
Seibert and Hagan (1947) reported that young grow very 
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rapidly (0.28 inches per week), tripling overall length in 
their first year and becoming sexually mature before 
their third hibernation. Older snakes grew at rates of 
0.33 to 0.42 inches per week over the 24-week activity 
season, although large females tended to gain length 
more slowly. Degenhardt et al. (1996) gave minimum 
total length at maturity as 280 mm for females and 
300 mm for males, as did Wright and Wright (1957). 
Reproductive females as small as 22 to 28 cm SVL have 
been recorded (Wright and Wright 1957, Grobman 1989, 
Hammerson 1999), but larger (31 cm SVL) females 
have been found at the same time that were not gravid, 
indicating that individuals may reproduce only every 
other year (Hammerson 1999). The longevity record for 
a captive smooth green snake is 6 years, 1 month, and 9 
days (Snider and Bowler 1992). Combined, these facts 
imply that although adult females have only 4 years of 
reproductive activity, as many as half of the potential 
opportunities for reproduction are not used.

The existence of fall mating and spring egg 
laying raises the possibility of winter sperm storage by 
females, delayed implantation, or delayed development. 
It is possible that the smooth green snake is facultatively 
ovoviviparous or viviparous (Minton 1972, Vogt 1981, 
Shine 1985, Oldham and Smith 1991), depending 
on latitude and climate. Sexton and Claypool (1978) 
suggested as an alternative that smooth green snakes 
retained eggs until they found a warmer-than-usual 
oviposition site and that selection of high temperature 
nesting microhabitats along with egg retention allowed 
them to occupy colder, more northerly locations than 
most other oviparous reptiles. Aggregations of gravid 
females near egg-laying time have been observed 
(Gordon and Cook 1980). Nothing is known about 
reproductive cycles for either sex. Observed sex ratios 
(F:M) of smooth green snakes have ranged from 1.46:1 
in Manitoba (Gregory 1977) to 1.64:1,1.22:1, and 1.85:
1 in Illinois (Seibert and Hagan 1947, Grobman 1992).

Seibert (1950) found that smooth green snakes 
constituted approximately 21 percent of the snakes 
captured on an Illinois prairie site. He also estimated 
garter snake mortality on this site as approximately 
20 percent but did not provide a mortality estimate for 
sympatric smooth green snakes. Criddle (1937) found 
148 smooth green snakes at a Manitoba den, comprising 
57.6 percent of the snakes counted. Data from northern 
Minnesota indicated that overwinter mortality might 
be substantial (Lang 1969; see also extreme mortality 
events recorded by Shine and Mason 2004).

Summary of matrix population modeling

Using the matrix modeling techniques of 
McDonald and Caswell (1993) and Caswell (2000), and 
basic life history parameters (i.e., age-specific survival, 
reproductive output, maximum lifespan) from Stebbins 
(1985), we constructed a model of the demography of 
smooth green snakes. This model produced two basic 
products: estimates of the sensitivity of the population 
growth rate (λ) to absolute changes in the vital rates at 
the various stages in the life cycle, and estimates of the 
elasticity, which is the sensitivity of λ to proportional 
changes in the vital rates, for those life history 
stages. Calculation of sensitivities and elasticities 
allows managers to assess the relative importance of 
reproduction and survival for the various life history 
stages. We extended this technique by performing 
stochastic simulations of changes to reproduction and 
survival rates at various life stages to reveal the possible 
effects of these changes on population persistence and 
to assign probabilities to possible outcomes. The result 
is a range of possible consequences for assessing the 
viability of populations. In this way, the life history 
stages that most critically affect population persistence 
can be modeled. These predictions can be useful for 
managers making decisions about how and when during 
the life cycle to focus management actions. The details 
of the modeling procedure can be found in the Appendix 
to this assessment, and the results of the analyses can be 
summarized as follows:

v The sensitivity analysis indicates that the 
transition from egg to yearling during the first 
year of life is the most critical stage affecting 
λ; survival of reproductive females during 
the two following years is also important but 
somewhat less critical than the first year.

v The elasticity analysis confirms the 
importance of survival rates during the first 
three years.

v Similarly, the partial sensitivity analysis 
estimates that the greatest impact on λ results 
from changes in survival rates of reproductive 
age females (95.8 percent of total partial 
sensitivity) compared to the effects of changes 
in fertilities (4.2 percent).

v Determination of the stable stage distribution, 
where the proportions of each age-class have 
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reached equilibrium over time, reveals that 
hatchlings and yearlings should constitute 
approximately 64 percent of the population, 
with the remaining age-classes composing the 
other 36 percent of the population.

v The stage with the highest relative 
reproductive value, considered as a “seed” for 
population growth, is the first year that females 
are reproductively active; reproductive values 
decline as females age; the cohort generation 
time is 3.6 years.

v There were two principal results of the 
stochastic modeling: λ was much more 
dramatically affected by changes in survival 
rates than by changes in fertilities, and 
stochasticity negatively impacts population 
dynamics; these effects of stochasticity 
(likelihood that the population will go extinct) 
is increased by the magnitude of fluctuations 
in population size.

The matrix models suggest that the most important 
demographic stage for managers to focus on is the 
survival of the first year reproductive females. It also 
suggests that smooth green snakes will have difficulty 
rebounding from large population declines. Any severe 
disturbance that continues for longer than the cohort 
generation time, 3.6 years, is likely to have devastating 
consequences for a population, barring immigration 
from neighboring populations.

We caution the reader that because in colder 
climates reptiles sometimes are forced to delay 
reproduction (to as late as the third year for smooth 
green snake females) because of insufficient energy 
intake to accumulate fat reserves for eggs, the results 
of this model may be somewhat optimistic and overall 
reproductive output may be less than these results 
indicate. However, the prime importance of the 
conclusions about the significance of early reproductive 
stage females remains unchanged.

Metapopulation dynamics

Because no long-term mark-recapture studies 
have been done on this species, we lack basic 
information such as population size estimates, distances 
between and relative locations of subpopulations in an 
area, and average daily movements of smooth green 
snakes in the western part of their range. Thus, little 
can be said about metapopulation dynamics at either 
local or larger scales. Smooth green snakes tend to be 

common at one site yet rare or missing at nearby sites 
(Minton 1972). They make small daily movements 
(Seibert and Hagan 1947) and prefer certain habitat 
types that are relatively rare in the western landscape. 
These facts imply that they are poor dispersers and 
are concentrated in riparian zones or wet meadows 
that may be isolated from other suitable habitats, 
particularly in dry, western environments. Therefore, 
moist, grassy habitats are crucial for both survival in 
situ and potential dispersal. The regional distribution 
map (Figure 3) and the habitat data recorded for many 
of the locations in the data set from which the map has 
been derived also suggest that many populations tend 
to be restricted to mountain and foothill valleys in the 
Rocky Mountains. The likelihood of inter-population 
movements between these valleys will depend on the 
availability of suitable habitat between the mouths of 
the valleys and on intervening ridgelines. Recent survey 
work by one author (Redder) indicates that much 
inhospitable habitat appears to exist between many of 
the known locations, even when the points are relatively 
close (e.g., the locations in the Snowy, Laramie, and 
Sierra Madre ranges in southern Wyoming).

The metapopulation dynamics for Great Plains 
populations may be very different from those of 
populations inhabiting mountain foothills. In Nebraska, 
in particular, all localities appear to be directly 
associated with major rivers. Although long-distance 
dispersal is possible by smooth green snakes across the 
predominantly sandhills habitat and agricultural terrain 
that separates most rivers in central Nebraska, it is 
more likely that inter-population movements will occur 
along the rivers themselves. Thus, metapopulation 
structuring of plains populations may have a more tree-
like structure reflecting the connectivity of the rivers, 
as contrasted to a more patch-like structure for western 
mountain populations.

Genetic concerns

The extremely patchy distribution of populations 
of smooth green snakes on a regional scale presents 
potential problems for the viability of regional 
populations, especially in areas where agricultural or 
other land use practices or long-term climate changes 
have restricted or destroyed possible corridors between 
these isolates. This problem might be most severe in 
Great Plains populations because of the relatively few 
sightings in these areas, suggesting small populations, 
compounded by the large distances between 
occurrences. Isolation of populations exists on both 
local and regional scales since ideal habitat often is rare 
at even localized scales. For example, smooth green 
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snake distribution is patchy within the Black Hills (Hall 
and Smith unpublished observations), just as the range 
is patchy at a regional scale.

If smooth green snake populations were more 
widespread in the West during cooler and more 
mesic periods in recent geologic history, gene flow is 
certainly more restricted now than in the past. Genetic 
comparisons within and between isolated populations 
across the range might reveal significant genetic 
differences and may finally resolve the disagreement 
about the existence of distinct subspecies proposed by 
Grobman (1941). Such research is underway by one of 
the authors (Smith).

Community ecology

Predators and competitors

Predators of smooth green snakes presumably 
include small (Whitaker 1972, Fitch 1999) and larger 
mammals, such as domestic cats (Neill 1948) and 
raccoons (Fitch 1999), and birds, including various 
passerines (Fitch 1999), corvids (Shine et al. 2001) 
and raptors (Neill 1948); even grouse have been noted 
(Scott 1947). Fitch (1999) pointed out that during 
hibernation or other times when low body temperatures 
inhibit movement, small snakes might be prey for small 
mammals such as mice and shrews. Small snakes in 
shallow hibernacula would be particularly at risk. 
Ophiophagous snakes such as king snakes and racers 
may also prey on smooth green snakes. Hammerson 
(1999) related two observations of predation by western 
garter snakes in southern Colorado. Smith et al. (1991) 
mentioned an apparent case of cannibalism in captivity. 
Neill (1948) also mentions a smooth green snake death 
due to a black widow spider bite, but this was not likely 
a predation event.

Within Region 2, the geographic ranges of nine 
species of snakes overlap the range of the smooth green 
snake, with some differences in habitat preference 
(Stebbins 2003). As adults, most of these snake 
species have larger body sizes than smooth green 
snakes; consequently they take food items such as 
small mammals that smooth green snakes do not eat. 
However, when other species of snakes are young and 
to the extent they eat insects and small invertebrates, 
they have some dietary overlap with smooth green 
snakes, although the extent and intensity of this 
competition are currently unknown. When invertebrate 
prey items are abundant, competition may be non-
existent. The significance of this competition as an 
explanation for the observed distribution and abundance 

of smooth green snakes in Region 2 is also unknown. 
In the Black Hills and Bear Lodge Mountains, smooth 
green snakes and Black Hills redbelly snakes (Storeria 
occipitomaculata pahasapae) inhabit identical habitat 
and probably eat almost identical prey (Hall and Smith 
unpublished observations). Smooth green snakes may 
be slightly more inclined to occur in drier areas, as they 
are sometimes found away from water, while Black 
Hills redbelly snakes are almost never found far from 
water (Hall and Smith personal observations).

Parasites and disease

There are no data on diseases in smooth green 
snakes, but examples of intestinal infection of the 
rough green snake and the common garter snake 
by Cryptosporidium bacteria have been observed 
(Brower and Cranfield 2001). These infections proved 
lethal. Judd (1960) listed a tapeworm species and two 
nematode species from the gut of a smooth green snake. 
Hammerson (1999) reported an infestation of red mites 
in the ventral scales of Opheodrys vernalis in Jefferson 
County, Colorado. However, because it is not clear how 
widespread, geographically or taxonomically, these 
or other infections or infestations are in smooth green 
snakes and closely related or sympatric snake species, 
no conclusions can be drawn regarding potential 
impacts on population dynamics.

Symbiotic and mutualistic interactions

There are no known examples of symbiotic and 
mutualistic interactions between smooth green snakes 
and other species. However, smooth green snakes 
are known to share hibernacula and are sometimes 
in direct contact with garter snakes and red-bellied 
snakes (Lang 1969, Hall and Smith unpublished data) 
and skinks (Eumeces; Degenhardt et al. 1996). It is not 
clear whether this inter-specific cohabitation might be 
mutualistic, promoting over-winter survival.

CONSERVATION

Threats

Intrinsic vulnerability and life history 
constraints

A combination of life history characteristics and 
metapopulation dynamics makes the smooth green 
snake intrinsically vulnerable to disturbance. Their 
small body size, low/moderate reproductive output, 
highly localized populations, minimal dispersal ability, 
and short life span probably result in highly localized 
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populations that may well be reproductively isolated, 
with relatively high homozygosity. Such a species 
may be adversely affected by severe, stochastic, and 
relatively short-term disturbances (e.g., a few successive 
years of drought). For example, Plummer (1997) found 
that population levels of rough green snakes varied 
greatly between years due to high adult mortality caused 
by decreased insect biomass, which was the result of 
unusually hot, dry weather. This could seriously reduce 
the size of successive cohorts in a population. If this 
were to occur, genetic variation might decrease further, 
or the population could go extinct. Recolonization by 
neighboring populations may be unlikely.

Susceptibility to stochastic environmental 
changes, especially severe changes, is confirmed by 
the results of Variant 3 (Table A6 in Appendix) in 
our matrix model. In particular, the key life stage 
indicated by our matrix model is the survival of the 
most reproductively valuable females, primarily in their 
first and second reproductive years. Also significant are 
the consequences of reduced reproductive output by 
these females with resulting low recruitment during the 
subsequent year.

The spotty occurrence of the smooth green snake 
across the Great Plains implies that a combination of 
traits (e.g., small body size, limited dispersal ability, 
habitat requirements [mesic habitats are rare across 
much of the plains]) makes the species intrinsically 
vulnerable to disturbance within this region in particular. 
Although the species is also isolated within some 
mountain ranges, such as the Bear Lodge Mountains 
and the Black Hills, population sizes appear relatively 
high in these areas, and gene flow among populations 
is probably higher than across the plains. It is possible 
that this is a general pattern with this species, but 
distribution and abundance data are lacking from much 
of the range. We suggest that smooth green snakes are 
more vulnerable to disturbance in the plains than in the 
mountains, but this idea remains to be investigated.

Extrinsic threats

Anthropogenic threats to smooth green snakes 
in Region 2 fall under the following categories: road 
mortality, resource extraction, livestock grazing, 
recreation, commercial collection, biocides, destruction 
of dens, and activities related to wildland fires. In 
addition, we discuss two natural threats, notably 
reduced prey abundance and extreme weather events, 
that could affect smooth green snake populations.

Road mortality

As with all snakes, traffic along paved roads and 
highways can be a major source of mortality. Roads 
near streams and other wetland areas of preferred 
habitat may be particularly hazardous. This threat can 
be exacerbated if the road is on a migratory pathway. 
For example, during fall migration, Smith (unpublished 
data) has seen large numbers of Black Hills redbelly 
snakes (Storeria occipitomaculata) dead on the road 
near denning sites in parts of the Black Hills. The 
natural history of the redbelly snake is similar to 
that of the smooth green snake, and the fact that they 
usually co-occur leads us to speculate that smooth green 
snakes could be subject to the same type of mortality. 
Some records of smooth green snake occurrence in 
South Dakota indicate that road mortality can be 
considerable in short stretches of road. “Dead-on-road” 
(DOR) observations of other snake species (especially 
Thamnophis sp.) are also seen in our data at locations 
with smooth green snakes DOR.

The frequency of DOR specimens in herpetological 
datasets is sometimes high. In a road driving survey to 
determine snake abundance, Sullivan (2000) found that 
during most surveys, approximately half of the snakes 
encountered were DOR; in one survey, the percentage 
of DOR snakes was as high as 70 percent. Fitch 
(1999) stated that for an actively foraging snake like 
racers (Coluber constrictor), individual snakes were 
often DOR. DOR specimens are common among the 
observations assembled for this assessment. Because 
smooth green snakes are active foragers, road mortality 
may also be important. One record from the Black Hills 
in South Dakota reported 18 DOR smooth green snakes 
observed on a single day, but the length of road over 
which this mortality occurred is not mentioned. DOR 
observations may have been even more common if not 
for the lack of data recorded for these observations or 
for the rapid removal of DOR specimens by scavengers. 
The importance of roads as a mortality factor in Region 
2 states is probably proportional to the proximity of 
green snake populations, especially dens, to heavily 
traveled roads (paved or unpaved).

Resource extraction

Logging and mining activities could easily be a 
direct source of smooth green snake mortality, especially 
if conducted in habitat where snakes are concentrated. 
They could also cause permanent shifts in community 
composition. For example, Filippi (2003) showed 
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that while habitat destruction by logging reduced the 
overall abundance of all snake species, it also caused 
an increase in the dominance of already dominant snake 
species and a shift in sex ratio toward males. Resource 
extraction also results in habitat fragmentation, which 
disrupts normal movements, including migration to and 
from den sites and gene flow among populations. The 
heavy equipment used in resource extraction compacts 
soil, eliminating habitat of small invertebrate prey upon 
which these snakes depend and may even eliminate 
semi-burrowing species like smooth green snakes. Of 
special concern would be resource extraction in mesic 
areas that this species favors. We believe that such 
actions could be highly damaging to local populations.

Logging and mining often have indirect effects 
on the flora and fauna of an area as well. For example, 
erosion from road building may results in sedimentation, 
decreasing water quality (Trombulak and Frissell 
2000). We believe that smooth green snakes would 
be susceptible to such impacts. Mining can produce 
changes in water chemistry (e.g., acidification, pollution 
by salts and heavy metals) downstream from mines 
(both active and abandoned sites), but we know of no 
studies that address the effects of these pollutants on 
reptiles. Terrestrial mollusks have been documented to 
accumulate heavy metals (Janssen and Dallinger 1991, 
Berger and Dallinger 1993, Callil and Junk 2001), and 
some snakes similar to smooth green snakes in habitat 
and natural history (e.g., Black Hills redbelly snake; 
Smith and Stephens 2003) are well known mollusk 
feeders. Rutherford and Mellow (1994) showed that 
residues from a long-abandoned mine could eliminate 
invertebrates from the mine site and downstream 
aquatic and floodplain habitats. Such residues and 
their biological consequences are also likely to have 
potentially harmful effects on local smooth green 
snake populations. Another relevant study is Porter 
and Hakanson (1976), who showed the complete 
elimination of amphibians from a small Colorado valley 
even decades after the cessation of mining.

Alteration of the hydrological regime due to 
diversion or damming of instream flows for agricultural 
or urban use can result in a lowered water table, 
reduced soil moisture, and altered floodplain vegetation 
communities. We are concerned about such effects on 
smooth green snakes. For example, Costanzo (1986, 
1988, 1989) suggested that garter snakes might more 
successfully survive hibernation by partially immersing 
themselves in water, and Criddle (1937) reported 
finding hibernating snakes in water beneath excavated 
anthills. This prevents the snakes from freezing and 
minimizes water loss during a long hibernation in a 

cold, dry climate. Smooth green snakes might be even 
more susceptible to such changes in habitat since they 
are more dependent on mesic areas than many garter 
snakes. Drainage of wetlands or other practices that 
reduce the extent of near-surface water could affect 
winter survival of this species.

Livestock

Grazing by cattle and sheep is well known to 
adversely affect amphibian and reptile populations, 
as well as other wildlife, under some circumstances 
(Fleischner 1994, Bartelt 1998, Ross et al. 1999). Szaro 
et al. (1985) reported that wandering garter snakes at a 
New Mexico location were five times more numerous 
on ungrazed sites. Lizard abundance, diversity, and 
biomass were all higher on ungrazed sites in Arizona 
and California (Busack and Bury 1974, Jones 1981, 
1988). Some of the most significant adverse effects (i.e., 
reduction of grass, sedge, and forb biomass and density; 
changes in tree species composition and density; 
compaction of soils; increased erosion) occur when 
cattle graze in wetland habitats such as those frequented 
by smooth green snakes (Belsky and Blumenthal 1997). 
Thus, degradation of wetlands by cattle might reduce or 
eliminate smooth green snake populations by altering 
habitat structure and composition, altering hydrology, 
and negatively affecting the invertebrate prey base.

Recreation

Lakes and streams are popular recreational 
sites, and human activity frequently degrades these 
sites. The most damaging recreational use is off-
road vehicles (including snowmobiles) in and near 
wetlands. For example, repeated passage through 
wetlands of four-wheel-drive vehicles (“mudbogging”) 
are known to severely damage or destroy wetlands. 
Smith has noted such occurrences in the Black 
Hills, and Redder has seen similar cases of wetland 
destruction in the Sierra Madres. It is also not 
uncommon to find oil, gasoline, and other pollutants 
from off-road vehicles in or near wetlands.

Garber and Burger (1995) showed that the mere 
presence of humans in a previously restricted area 
resulted in a declining turtle population; this was due 
not only to removal and direct mortality of turtles 
by humans and dogs, but also by raccoons that were 
attracted by human garbage. Given the bad public image 
that snakes have in general, simple human presence in 
an area is certain to increase snake mortality, including 
smooth green snakes, compared to less frequented areas. 
Campgrounds are commonly the site of snake mortality, 
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even in the case of small, harmless species, like the 
smooth green snake (Redder personal observations).

Commercial collection

Increasingly, collection of reptiles for the pet 
trade, food, and non-traditional medicine is affecting 
the populations of many species, but the extent of this 
impact is unclear (Schlaepfer et al. 2005). Smooth green 
snakes might catch the interest of collectors because of 
their beautiful coloration, inoffensive nature, and small 
size. Although it is occasionally sold in pet stores, 
this species is not known to survive captivity well (D. 
Middaugh personal communication 2004). Commercial 
collection has the potential to affect smooth green snake 
populations profoundly because their populations tend 
to be small and isolated. However, we have no evidence 
that smooth green snakes are commercially traded.

Biocides

It is well known that the use of insecticides 
has increased during the last five decades, and it is 
probable that the highly insectivorous diet of smooth 
green snakes places the species at particular risk in 
areas of insecticide application (Messmer et al. 1995, 
Ernst and Ernst 2003, LeClere 2006). Adverse effects 
may occur both through reduction in prey density and 
bioaccumulation from ingestion of contaminated prey. 
However, accounts of potential green snake poisoning 
are often anecdotal. Minton (1972) collected two adults 
in an area that had been recently and heavily sprayed 
with an unspecified insecticide; “one was barely alive; 
the other appeared normal but died two weeks later.” 
Brown (1994) reported observations of two smooth 
green snakes in a microenvironment heavily dosed 
with Weed Blast-4G™ and Lexone™ (amounts and 
application schedule were not reported); one snake 
was observed to have a deformed eye. She observed 
no reproduction and on future visits found no more 
animals. Range contraction and small population sizes 
of smooth green snakes in Iowa and Missouri have been 
attributed to pesticide use (LeClere 2006), but no data 
or details were given. Among quantitative toxicological 
studies, only DDT has been shown to be lethal and 
to have other deleterious effects on Opheodrys (Hall 
1980). Still, Dieldrin, heptachlor, malathion, and 
strychnine alkaloids have proven lethal in other species 
of snakes (see references in Dodd 1987).

Pauli and Money (2000) provided a recent 
review of reptilian ecotoxicology, stating that reptiles 
are sensitive to cholinesterase-inhibiting pesticides in 
a fashion similar to mammals and birds. Both dermal 

uptake and consumption of contaminated prey can 
cause serious physiological and behavioral problems 
and can result in bioaccumulation in fat tissues. In a 
study of the effects of 16 rodent control chemicals on 
reptiles, the U.S. Fish and Wildlife Service (1993c) 
concluded that three compounds (aluminum phosphide, 
magnesium phosphide, and potassium nitrate) were 
potentially dangerous to fossorial reptiles. Given the 
propensity of smooth green snakes for using anthills for 
hibernation, the use of Mirex™ for ant control should 
be discouraged (Dodd 1987). Portelli and Bishop (2000) 
also reviewed studies of organic compounds in reptiles 
but drew no definitive conclusions about their effects. 
For specific information on a particular compound, the 
reader is referred to the extensive tables and appendices 
in these reviews.

Destruction of dens

The destruction of snake dens has long been 
a major anthropogenic source of snake mortality. 
This practice is well-known at viper dens, but has 
been little-studied in other snakes. Large numbers 
of snakes can be destroyed while they are denning, 
and the destruction of a den site may result in the 
complete elimination of a population. For temperate-
zone snakes in areas where suitable den sites are rare, 
multi-species, communal hibernacula are often crucial 
for the continued survival of populations (Shine and 
Mason 2004). Individuals are often highly philopatric; 
the same snakes return to the same dens year after 
year. Thus, even the destruction of a den outside of 
the denning period may cause high mortality in the 
following fall and winter. While den extermination in 
North America has largely been restricted to rattlesnake 
dens, the wanton destruction of snakes and their dens 
potentially threatens smooth green snakes, as well as 
other small harmless snake species with which they 
may hibernate in mountainous areas. Thus, even 
inadvertent destruction of dens and small hibernacula 
in the course of construction or extraction activities 
could pose a lethal threat to local populations.

Wildfire, prescribed fire, and fire suppression

Given the complexity of the causes, behavior, and 
consequences of wildfire throughout the varied biomes 
in Region 2, it is difficult to understand and estimate 
the overall effects of fire on reptiles. In the few studies 
available, the effects varied with species and location. 
Erwin and Stasiak (1979) found few snake casualties 
due to fire on re-established Nebraska prairies, and 
Mushinsky (1985) found that herpetofaunal abundance 
in Florida actually increased after fires. In contrast, 
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Fitch (1999) found that grass fires could produce serious 
snake mortality. The effects of fire and fire suppression 
on smooth green snake populations and the quality and 
quantity of their habitats in the plains and forests of 
Region 2 are unknown.

Reduction in prey

Probably the most important natural threat to 
smooth green snake populations is any reduction 
in the biomass of small terrestrial invertebrates that 
serve as prey. This would result in a decline in body 
condition or death due to starvation, and smaller and 
fewer clutches of eggs due to reduced fat accumulation 
by females. Plummer (1997) found that decreases in 
insect abundance affected population size of rough 
green snakes. In various places in this document, we 
have discussed how land management activities can 
affect soil invertebrate populations. Temperature and 
moisture extremes and the resulting length of optimal 
activity and growth season are known to be important 
natural factors causing large changes in insect biomass 
and diversity (Gregg 1963).

Extreme weather events

Another natural source of high snake mortality is 
extremely cold and/or wet conditions during hibernation. 
Shine and Mason (2004) provided evidence of massive 
mortality in Canadian garter snake hibernacula due 
to flooding and freezing. Fitch (1999) also noted 
overwinter mortality in southerly snake populations 
studied in Kansas. Because snakes in cold climates are 
constrained to hibernate in dens or other sites below 
frostline or otherwise insulated by substrate and surface 
conditions, including snow cover, large numbers of 
individuals can be vulnerable to any event that disturbs 
such hibernacula or extreme cold that drops the frostline 
below normal.

Conservation Status of the Smooth 
Green Snake in Region 2

The current conservation status of the smooth 
green snake throughout its North American range is 
secure, according to NatureServe (2006). However, 
evidence is emerging that some populations in eastern 
and midwestern states are imperiled or have been 
extirpated. Pete Ducey (personal communication 
2006) has concluded that the snake has become rare 
in New York.

It is not known whether smooth green snakes 
were more widespread and abundant across the Great 

Plains before European settlement in the 19th century, so 
definitive conclusions about long-term changes in this 
region are not possible. If smooth green snakes were 
more widespread historically in Great Plains grasslands, 
then changing climate over the last 10,000 years has 
certainly played a role in whatever range contractions 
may have occurred. Holocene climate change is largely 
responsible for the disjunct distribution in the mountain 
habitats in the West (Worthington 1973, Hammerson 
1981, Holman 2000) compared to the relatively wide 
distribution and apparent abundance in eastern locations 
with more moisture, and hence greater invertebrate prey 
abundance. The interaction of climate change and 
human agriculture in the 20th century may be the single 
most important recent determinant of the current status 
of smooth green snake populations in the Great Plains. 
Complicating any landscape-level discussion of these 
plains populations is the paucity of paleontological, 
historical, and current data. We do know, however, that 
the near total destruction and severe fragmentation of 
Great Plains prairie ecosystems (Samson and Knopf 
1994) has adversely affected many, if not most, reptile 
species in these regions. The conservation status of 
smooth green snakes in the eastern parts of its range 
(e.g., Iowa, Missouri, Indiana) and the recent changes 
in distribution and abundance in those localities are 
not good signs for remaining isolated Midwestern and 
Great Plains populations.

The status of Great Plains populations in eastern 
Nebraska and South Dakota could be in danger for the 
same reasons that are suspected for the more easterly 
populations – habitat destruction and pesticide use. 
Eastern regions of the Great Plains are more populated, 
and conversion of grassland to cropland has more 
adversely affected these smooth green snake habitats 
than most mountain localities farther west. Because 
most occurrences in Nebraska appear to be along rivers 
and riparian areas, dewatering of those water courses 
would also adversely affect smooth green snake habitat. 
Consequently, populations in these areas are probably 
the most threatened among western populations.

Dan Fogel (personal communication 2005) stated 
that the species is very rare in Nebraska. Hudson (1942; 
Map 7) showed only four widely scattered records for 
Nebraska, all apparently in riparian areas. Ernst and 
Ernst (2003) show occupied areas in eastern Nebraska, 
but provide no data. Smith (1956) stated that the species 
is found statewide in Kansas, but Grobman (1941) 
restricted its occurrence to the northeastern counties. 
However, Grobman (1992) concluded that locality 
data for the single, correctly identified Franklin County 
record in Kansas is unreliable, and that Opheodrys 
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vernalis blanchardi has not existed in Kansas in 
historical times. Rundquist (1979) discussed historical 
reports placing O. vernalis in Kansas and concluded 
that its presence there is doubtful. A survey of field 
trip results as reported in recent issues of the Kansas 
Herpetological Society newsletter have revealed no 
recent records in Kansas.

Populations in mountainous locations in Region 
2 may be under less threat than those in the Great 
Plains and the Midwest, but they are probably not as 
secure as populations in northeastern North America 
(NatureServe 2006). This might be partly due to the 
greater availability of mesic habitats in mountainous 
areas than is available on the plains and, consequently, 
relatively more widespread populations. The most 
important factor affecting mountain populations is 
destruction of habitat due to human activity (i.e., 
pervasive alteration of riparian systems due to water 
depletion and water project development, in addition 
to urban development). Habitat alteration is probably 
affecting populations in the Black Hills and along the 
Front Range of Colorado, largely because of ever-
increasing human population densities.

While smooth green snakes appear to be 
relatively common in the Bear Lodge Mountains of 
Wyoming and the Black Hills, they are highly localized 
(Smith personal observations) and remain vulnerable to 
localized disturbances and wetland degradation. Still, 
long-time residents of the Black Hills have said that 
the snake is less common than in the past. Of interest, 
Smith (unpublished observations) has observed that 
the species appears more common in the Bear Lodge 
Mountains than in the Black Hills. While the Black 
Hills are surrounded by Rapid City and various small 
towns, the Bear Lodge Mountains are more isolated. 
The biggest noticeable difference between the two areas 
is damage to and loss of wetlands in the Black Hills.

Smooth green snakes have never constituted a 
large proportion of snakes seen in most areas surveyed 
in the mountain West, except the Black Hills and Bear 
Lodge Mountains, where these populations have been 
more extensively collected. While smooth green snakes 
may be relatively rare throughout much of the mountain 
West, few areas have been extensively surveyed. Many 
mountainous areas in Colorado and Wyoming have 
rarely or never been surveyed thoroughly for reptiles, 
and most sightings of smooth green snakes are sporadic 
and opportunistic. Because smooth green snakes are 
small and semi-fossorial, they are seldom encountered 
except by investigators who are familiar with their 
natural history and are intentionally looking for them. 

Consequently, without further basic inventory work, the 
true status of the smooth green snake in suitable habitat 
throughout the Rocky Mountains in Colorado, New 
Mexico, and Wyoming is uncertain.

Smooth green snakes may be relatively common 
in a few restricted, widely spread localities of southern 
Wyoming, Colorado, and Utah, but they appear to 
be relatively rare overall. In Colorado, most sites of 
occurrence have only a single sighting or specimen 
associated with them. Although apparently rare 
compared to other snake species, occurrences continue 
to be reported in the southern Rocky Mountains, most 
recently from near Vail, CO (T. Jackson personal 
communication 2006), Rock Creek Canyon at the 
northern end of the Snowy Range (G. Beauvais 
personal communication 2005), the Big and Little 
Sandstone Canyons area on the western slope of the 
Sierra Madre range (W. Hass personal communication 
2005), and near Labonte Canyon in the northern 
Laramie Range southwest of Douglas, WY (S. Byer 
personal communication 2005). It appears that the 
west slope of the Sierra Madre may have smooth green 
snake populations in association with aspen, as appears 
to be the case in Utah (Utah Natural Heritage Program 
unpublished data 2004). Some occurrences are noted 
from lower elevation flood plains where agriculture 
is extensive (e.g., along the upper Little Snake River 
drainage along the Colorado-Wyoming border). 
Unfortunately, almost all sightings in these areas have 
been of single individuals, widely spaced in time; thus, 
any statement about this species’ status in most of these 
areas would be speculative. The fact that smooth green 
snakes are common at one location in New Mexico (C. 
Painter personal communication 2005) could indicate 
that they are more common in suitable habitat in the 
southern Rocky Mountains than realized; on the other 
hand, they appear to be quite rare in Utah (Brodie 
personal communication 2004). Because data are both 
sparse and, in many cases, quite dated, Hammerson’s 
(1999) assertion that smooth green snake populations in 
Colorado “can be regarded as secure for the foreseeable 
future” may be based more on his judgment about the 
current state of suitable habitat in Colorado than on 
recent occurrence data.

In the southern Rocky Mountains, habitats 
suitable for smooth green snakes are relatively 
restricted (Figure 3), both on National Forest System 
(NFS) lands and adjacent land, and the species is most 
commonly confined locally to draws and canyons of the 
foothills, where mesic riparian habitats are often found. 
In the northern Laramie Range, occurrences are in very 
narrow canyons with appropriate habitat sometimes 
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only a few meters in width. The authors have not had 
the opportunity to survey most of the historically or 
recently occupied localities in Colorado, either to assess 
smooth green snake status or the extent and condition 
of habitat; thus, detailed assessment of the particular 
conditions in Colorado locations remains uncertain 
pending future survey efforts.

An interesting locality is the isolated occurrence 
along the Atlantic Rim near Bridger Pass, south of 
Rawlins, Wyoming, where appropriate habitats appear 
to be very limited. The isolation of this population from 
the closest populations in the western Sierra Madre 
suggests that this locality might contain a separate and 
possibly unique (and probably very small) population.

Management of the Smooth Green 
Snake in Region 2

Implications and potential conservation 
elements

Any strategic regional conservation plan for 
this species must take into account its widespread 
but disjunct distribution and the resulting genetic 
and metapopulation implications. One author (Smith) 
has undertaken a long-term study of genetic and 
morphological differentiation in the smooth green 
snake to assess the extent of variation within the 
species. Of much interest in this ongoing study are 
the data of Grobman (1992), whose morphometric 
analyses showed that populations in the Black Hills 
and east-central Wyoming were more closely related 
to specimens taken in the northeastern United States, 
than to specimens taken in the plains east of the Black 
Hills. The Black Hills, Bear Lodge Mountains, and 
Great Plains populations merit special attention because 
of this unusual pattern of morphological variation. 
Regardless of this study, there are at least 24 isolated 
meta-populations in the western United States, so 
genetic studies are of particular interest. We expect that 
molecular genetic work will resolve many questions of 
taxonomy within this species and would likely also be 
relevant to the conservation of the species. Until the 
taxonomic status of Region 2 populations is sorted 
out, it would be prudent to treat these populations as 
relicts of late Pleistocene glacial retreat that may be 
genetically distinct.

Because this species has a disjunct distribution 
over a range of habitat types and climate regimes 
in the Rocky Mountains, the nature of the threats in 

these different populations vary. In the Black Hills, the 
greatest threats are probably logging, grazing, mining, 
recreation, and the accompanying road building and 
use. In the northern Laramie and Snowy ranges, the 
major threat is recreational use of the small, narrow 
canyons that the species inhabits. Many of these 
canyons are only a few meters wide in many places, 
with a substantial portion of the canyon floor taken 
up by roads and campgrounds. DOR snakes of all 
species are particularly common there (Redder personal 
observations). Populations in the Sandstone Canyons 
area of the western Sierra Madre are currently facing 
the effects of logging precisely in the area of known 
smooth green snake occurrence (Redder personal 
observation 2005). Populations in Colorado are likely 
to be most affected by recreational activities, logging, 
road mortality, development of Front Range foothills 
habitats, and water development. Without data on the 
types, amounts, and application schedules of pesticides 
used near these populations, no specific and local 
assessment of risk from toxins can be made.

What is clear in this discussion and throughout 
this document is that the species consists of small 
populations, isolated in many areas. Because the type 
and extent of impacts are likely to vary at different 
localities in the West, managers will have to take 
into account the specific local situation in their area 
when considering management options. Following 
are conservation considerations that will apply to 
smooth green snakes region-wide, although their 
relative importance and the resulting application to 
and implications for management are likely to depend 
strongly on local conditions.

Protection of foraging habitats

As stressed previously, it is important to maintain 
and improve the quantity and quality of habitat (i.e., 
intact vegetation and soils, adequate water, healthy 
invertebrate prey populations) of currently occupied 
locations. The highly localized nature of current 
populations leaves little room for error when the 
various threats discussed above come into play. Small 
degrees of spatial overlap between occupied habitat 
and human activities could have disastrous effects for 
a local population. Preventing or at least mitigating the 
effects of these threats in foraging areas is essential. 
Because populations are often small, it is also 
important to provide for potential dispersal corridors 
between populations in known or potential smooth 
green snake habitats.
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Protection of hibernacula and oviposition sites

Because suitable hibernacula are crucial to 
overwinter survival of smooth green snakes, care should 
be taken to insure that these sites are not disturbed. 
Disturbance or destruction of hibernacula could result 
in extirpation of entire populations and might severely 
affect other reptile species as well. Some evidence 
indicates that smooth green snakes may repeatedly 
use certain highly specific sites for oviposition. Like 
hibernacula, the nature and locations of these sites 
are not generally known for western populations, but 
their preservation when discovered could be a critical 
element in conserving these species, as appears to be 
the case with some other snakes (Duvall et al. 1985). 
If the use of these sites by gravid females is related to 
resource availability for hatchlings, and thus a factor in 
first-year survival, our matrix model indicates that these 
could be extremely important for population viability. 
The discovery of these sites requires intensive, focused 
sampling at particular times during the activity season.

Maintenance of landscape mosaic

Although most commonly seen in mesic grassy 
areas, smooth green snakes also use a mosaic of 
adjacent forested and shrubland sites. The relative 
importance of these habitats for western populations 
is unknown, but populations in northeastern North 
America commonly occupy similar habitats, so they 
are likely to be important to western snakes as well. 
If this species is similar to other mesophilic species, 
individuals may use riparian strips, creekside mesic 
habitat, and other relatively moist sites to migrate 
among populations, and to and from denning sites. In 
addition, Smith (personal observations) has sometimes 
seen smooth green snakes crossing roads further from 
water than expected for this species. Conservation of 
mesic and adjacent habitats used by smooth green 
snakes may be the most important broad-scale action 
that could be taken to conserve this species.

Reduction of exposure to chemical toxins

Although little is known about the effects of 
specific pesticides on smooth green snakes, it would be 
reasonable to conclude that long-term direct exposure 
to these chemicals would have deleterious long-term 
physiological and reproductive consequences. Ingestion 
of invertebrates that are targets of pesticides or that eat 
pesticide-laden plants or animals is probably a more 
important route by which smooth green snakes are 
exposed to toxins.

Acquisition of life history data

Life history constraints of smooth green snakes 
pose significant limitations on population growth and 
stability. Life history also poses constraints on the 
range of possibilities for management action, starting 
with the formulation of a clear and detailed strategic 
conservation plan. Dodd (1987) stresses that “[o]ther 
than the bad public relations [snakes receive], the lack 
of information concerning life history of most species 
is the greatest impediment to effectively conserving 
snake populations.”

Tools and practices

Inventory and monitoring

Survey locations: It is essential to gain a 
better understanding of the relationship of this 
species to its preferred habitats and the associated 
biological communities. Localized habitat knowledge 
is important because these snakes are concentrated 
in small, widely separated areas and because their 
minimal dispersal capabilities make it unlikely that 
they will recolonize distant or unconnected habitats 
where they have been extirpated.

Concentrated survey efforts in areas of historic 
occurrence to assess the status of known populations 
should be the first priority, followed by surveys of areas 
with similar habitat characteristics to find unknown 
populations. Sites with known or suspected occurrences 
that could be affected by management activities or 
other disturbances also should receive high priority. To 
maximize survey efforts across the most appropriate 
habitats and locations, use of predictive range mapping 
techniques at local to regional scales (Figure 3) should 
be considered. (For references to current predictive 
range mapping projects, see the WYNDD website: http://
uwadmnweb.uwyo.edu/WYNDD/general/current.htm). 
Because of its secretive nature and small size, surveys 
for the smooth green snake require repeated site visits 
during daily activity periods in different seasons across 
multiple years (Kery 2002). A sustained survey effort 
is also required due to the effects of drought, which 
can make finding reptiles inhabiting mesic habitats 
very difficult. Kery (2002) examined the probability of 
detection of three endangered snake species during VES 
searches (see Sampling Methods, below) in France and 
Switzerland. He found that 12 to 26 visits (depending 
on species) to a site were required to conclude with 95 
percent probability that the site was unoccupied. Kery 
recommended that to minimize the possibility of the 
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destruction of a small population, no significant human 
impact or management action should be undertaken in 
potential habitat until a sufficient number of surveys at 
that site had been completed.

Few sites in Region 2 with potentially suitable 
habitat for smooth green snakes are likely to have 
been searched with sufficient intensity or frequency 
by knowledgeable personnel. Consequently, the 
possibility exists that smooth green snake populations, 
especially small populations, are more widespread than 
current data indicate. As can been seen from Figure 3, 
survey efforts must encompass many scattered sites in 
Region 2.

Occurrences in Nebraska are primarily near 
the Platte, Loup, Niobrara, and Missouri rivers. The 
restriction of smooth green snakes to the vicinity of 
these waterways clearly indicates the importance of 
riparian habitat for this species in the Great Plains. 
Other localities along these rivers deserve concentrated 
surveys since smooth green snakes could occur farther 
up these river basins than current data indicate. NFS 
units such as the McKelvie National Forest, adjacent 
to the Niobrara and Snake rivers, and the Nebraska 
National Forest, sandwiched between the Middle 
Fork Loup and Dismal rivers are prime candidates 
for survey work that could significantly extend the 
range of this species. Obviously, the wildlife refuges 
near Valentine and the various state parks and national 
recreation areas in central Nebraska, as well as the Karl 
E. Mundt National Wildlife Refuge and the Yankton 
Indian Reservation along the Missouri River between 
Nebraska and South Dakota, all deserve attention. 
With occurrences both to the north and south of the 
sandhills in central and western Nebraska, the numerous 
lakes and ponds of the sandhills are also possibilities. 
The apparent absence of smooth green snakes from 
western South Dakota grasslands, while present both 
to the east and west, merits examination. However, the 
grasslands of much of western North Dakota, South 
Dakota, Nebraska, Kansas, and eastern Colorado are 
quite dry. In these environments, riparian strips may 
provide the only suitable habitat for this species, unless 
scattered ponds and lakes are sufficiently concentrated. 
Consequently, metapopulation dynamics on the Great 
Plains may largely be restricted to riverine systems, 
and could be very different from those of the relatively 
concentrated, non-linear populations in the Black Hills 
or, possibly, parts of Colorado.

All locations in Colorado with known populations 
of smooth green snakes deserve further sampling effort. 
The data set compiled for this report contains relatively 

few observations more recent than 1990 for Colorado 
and less than 20 percent are more recent than 1980; the 
majority of Colorado occurrences are more than 50 years 
old or have no dates recorded. The most recent survey 
by the Colorado Division of Wildlife occurred between 
1999 and 2001 (T. Jackson personal communication 
2006) and did not result in many new observations.

Figure 3 suggests other regional “islands” that 
might be worth survey effort. Prime candidates are the 
Bighorn Mountains and the Thunder Basin National 
Grassland between the Bighorns and the Black Hills. 
Although no smooth green snakes have been found in the 
Bighorns to date, this range is home to a number of other 
small and possibly unique populations of vertebrates 
(Beauvais 1999). Because the Bighorn Mountains 
contain habitats similar to those in two comparatively 
close ranges where smooth green snakes are known to 
occur, (i.e., the Black Hills and the northern end of the 
Laramie Range (note the inclusion of these areas by 
the predictive model in Figure 3)), the possibility of 
discovering additional isolated populations of smooth 
green snakes seems likely. The eastern foothills almost 
certainly have canyons and riparian habitats that would 
provide appropriate habitat, and the model in Figure 3 
indicates that scattered habitat might occur there. The 
grasslands between these ranges are currently being 
heavily impacted by coalbed methane exploration 
and development activities, so surveys of appropriate 
habitat should be undertaken soon.

The Black Hills and Bear Lodge Mountains 
populations may be the best candidates for research 
that attempts to elucidate landscape scale dynamics 
of populations and subpopulations from a microscale 
up to the ecoregional scale. In addition, the Black 
Hills and Bear Lodge Mountains populations would 
afford researchers an opportunity to study areas in 
different states of habitat degradation, as the effects 
of degradation are illustrated dramatically in these 
two locations. Wetlands in the heavily used Black 
Hills are severely degraded, whereas wetlands in the 
lightly used Bear Lodge Mountains are still relatively 
intact (Smith personal observations). In the Black Hills 
and Bear Lodge Mountains, another snake species of 
concern, the redbelly snake (Peterson 1974, Smith 
and Stephens 2003), co-occurs with known smooth 
green snake populations. It would be interesting to 
study both species at once in this area, both from 
a management standpoint and from an academic 
standpoint. Funds expended on this study would serve 
double-duty. The larger population of smooth green 
snakes found in Sugarite Canyon in New Mexico (C. 
Painter personal communication 2005) would provide 
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an interesting comparison to the more northerly Bear 
Lodge Mountains and Black Hills populations. Study 
of these three populations would provide basic data 
on which to base further inventory work and would 
provide an interesting north-to-south contrast of the 
species’ biology.

Sampling methods: Detailed accounts of 
sampling methods accepted by the herpetological 
community can be found in Fitch (1987), Dunham et 
al. (1988), and Crump and Scott (1994). Below, we 
discuss selected aspects of such methods that pertain 
specifically to survey efforts for smooth green snakes 
conducted in Region 2.

Inventory efforts should consist primarily of 
intensive, repeated, timed visual encounter surveys 
(VES) in areas where specimens have been taken in the 
past (Crump and Scott 1994), followed or accompanied 
by an expanding range of sites surveyed according to 
presence of appropriate habitat. Because of a variety 
of factors mentioned below, VES methods are likely 
to be the most productive and efficient method for 
smooth green snakes. VES techniques have been used 
extensively and successfully in the Black Hills and Bear 
Lodge Mountains to search for this species.

Besides VES methods, a limited number of 
methods are available for sampling smooth green snake 
populations. Passive sampling methods such as drift 
fencing and pitfall trapping apparently do not work 
well with this species in Nebraska (M. Fritz personal 
communication 2003), but the species may be rare 
there. In addition, drift fences are time consuming to 
install. However, because smooth green snakes are 
sometimes found under rubbish (e.g., old boards, sheet 
metal), placing artificial shelters in areas of interest 
could be a productive sampling method. Cover boards 
have been effective in capturing other cryptic snakes 
(Engelstoft and Ovaska 2000, Kjoss and Litvaitis 2001, 
Gregory 2004). Kjoss and Litvaitis (2001) found that 
small snakes were more frequently captured using cover 
boards. Johnson (1991) found that flat cover objects 
were particularly productive microhabitats for finding 
smooth green snakes in Wisconsin. Engelstoft and 
Ovaska (2000) found that asphalt roofing (67 percent of 
captures) and tin roofing (28 percent of captures) were 
most successful in capturing the small snake Contia 
tenuis; the larger Thamnophis species also preferred 
asphalt and tin roofing, but their preference was less 
well defined (43 percent of captures under both types 
of cover combined). Artificial cover was not used at 
all sites by these two species, and their preferences for 
cover type were not well defined at some study sites. 

Engelstoft and Ovaska (2000) found that individuals 
of both species showed site fidelity to artificial cover at 
some sites, making this technique potentially useful in a 
mark-recapture study.

Road sampling can be a productive way of finding 
areas where snakes live (and die). Valuable biological 
data (i.e., food habitats, reproductive condition, 
movement data, sex ratios, age data) can sometimes be 
obtained from road-killed specimens without the need 
to sacrifice live animals. Judging by the frequency of 
DOR observations in the dataset assembled for this 
assessment, road driving might be an efficient method 
for initial survey efforts. However, Smith has had only 
limited success with this method in the Black Hills and 
Bear Lodge Mountains.

Radiotelemetry is a method that has been applied 
to snakes with considerable success (e.g., Duvall et 
al. 1985), but it is unlikely that this method would 
be practical for research on smooth green snakes 
until transmitters are small enough to be successfully 
implanted without harm to the snakes. The lack of 
sufficiently small transmitters hampered the efforts of 
Johnson (1991) to reintroduce this species to Missouri. 
Passive integrated transponders (PIT tags) can be useful 
to mark snakes and would provide limited data on 
movements upon recapture. However, because smooth 
green snakes are so small, we would advocate careful 
use of these techniques until their safety (i.e., possibility 
of mortality or morbidity) can be ascertained. Black 
Hills populations are large enough that it might be 
possible to sacrifice some animals to uncover basic 
life history information (i.e., breeding, presence of 
oviductal eggs, diet, body condition) as well as the 
effects of various tracking devices without adversely 
affecting populations.

Management tools and techniques

Management of populations and habitats: The 
long-term management tool most likely to be effective 
is the preservation of critical smooth green snake 
habitat, as discussed above. Other management options 
that are potentially valuable include:

v Prohibit the commercial and personal 
collection of this species in all western states 
in which it occurs.

v Proactively monitor and manage land use 
where mining, development, construction, 
and other anthropogenic disturbances are 
scheduled to occur to avoid adversely 
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affecting water and habitat quality and 
availability in areas of known or potential 
occurrence. This is especially important in 
regard to declining water levels in winter, 
since the use of ground water in smooth 
green snake habitat (and that of other 
sympatric snake species) is documented in 
cold climates. Immersion in ground water 
during hibernation prevents freezing and 
desiccation, so the reduction of ground-water 
level in winter could result in the elimination 
of dens, and perhaps an entire population.

v Carefully consider and probably prohibit 
the use of pesticides and herbicides in areas 
of known smooth green snake occurrence 
because of the intimate contact that snakes 
(and other reptiles) necessarily have with their 
immediate surroundings. Biological control 
of invasive weeds and other pests would 
minimize exposure (dermal and digestive) of 
snakes to toxins.

v Supplement occupied habitat with usable 
cover such as small brush piles, because 
smooth green snakes appear to spend 
considerable time under cover objects.

v Use controlled burning outside of the activity 
season to maintain suitable habitat, especially 
mesic grassy meadows and landscape 
mosaics (see Habitat section above). The 
effective implementation of this tool would 
likely vary between habitat type, time of year, 
and variations in conditions conducive to fire. 
If possible, burning should occur in the spring 
before emergence and in the fall after smooth 
green snakes (and other sympatric species) 
have entered hibernation.

v Prohibit logging and its associated activities 
in or near the riparian areas and adjacent 
habitats that are preferred by smooth green 
snakes. The short- and long-term ecological 
changes resulting from logging are likely 
to be detrimental to reptiles in general and 
smooth green snakes in particular, and 
increased human presence elevates risk to all 
snakes associated with humans.

v Exclude livestock from the mesic meadows in 
which green snakes forage, particularly where 
populations are likely small and isolated. 
However, reducing exposure of green snake 

foraging areas to grazing is likely to benefit 
all green snake populations.

v Prohibit or control the timing of access by 
recreational vehicles to important habitats 
(mesic summer foraging areas).

v To the greatest extent possible, protect 
from human contact those sites that contain 
communal nests or hibernacula. These sites 
are extremely important for the survival of 
local smooth green snake populations.

v When considering the use of any management 
tool, such as fire or logging, in green snake 
habitat, also consider that other amphibian 
and reptile species are likely to be similarly 
affected by the action, since those species are 
often sympatric with smooth green snakes 
and share at least some of their habitat 
requirements and preferences.

v Negotiate agreements with neighboring 
landowners to limit access and harmful 
activities, and establish conservation 
easements that adjoin public holdings 
where smooth green snake populations are 
present. Agreements should also seek to 
enlist cooperation of private landowners in 
conservation actions, such as in population 
re-establishment.

v Mitigate the harmful effects of past 
disturbances. For example, the reclamation 
of logging roads by replanting native grasses 
in areas of known occurrence of green snake 
populations would minimize road mortality, 
and create and improve habitat. Reclamation 
of abandoned mine sites would also be 
particularly beneficial, given the range of 
harmful direct and indirect effects that 
mining waste can have on reptiles and their 
invertebrate prey base.

The creation of a comprehensive plan accounting 
for the requirements of all amphibian and reptile 
species inhabiting smooth green snake habitat would 
be the most efficient and comprehensive approach to 
management. Such a comprehensive plan would differ 
for the various populations across the West, depending 
on local circumstances and the sympatric reptile species 
present. However, the key to devising such a plan (i.e., 
detailed knowledge of smooth green snake population 
biology and life history characteristics throughout 
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Region 2) is also currently the biggest impediment to its 
creation and implementation.

Captive breeding: Smooth green snakes do not 
do well in captivity, even in professional herpetological 
facilities. Thus, the likelihood that captive breeding 
would ever be a viable means of addressing the rarity of 
this species is low.

Reintroduction: Typically, reintroduction is a 
management tool of last resort, when efforts to preserve 
or re-establish native, self-sustaining populations have 
failed. First efforts should focus on preservation of the 
native population to retain local genetic and adaptive 
traits. Reintroduction is probably an especially poor tool 
with a species that is difficult to keep alive and breed 
in captivity, like the smooth green snake. Therefore, 
any reintroduction attempt would require relatively 
rapid transport from the site of capture and release as 
soon as possible to minimize the stress of captivity. 
One attempt to reintroduce this species to formerly 
occupied habitat has been documented. Because of the 
apparent extirpation of the smooth green snake from 
Missouri, Tom Johnson (personal communication 2002) 
attempted to reintroduce the species to the Tarkio Prairie 
Natural History Area in extreme northwestern Missouri 
near where the species had been reported historically 
(Johnson 1991). Sixty-four snakes were captured in 
central Wisconsin and released in 1987 and 1989. It 
was hoped that the snakes could be radio-tracked to 
insure their relocation and the collection of data, but 
implantable radios sufficiently small for use with the 
snakes could not be obtained. There is no evidence 
that the transplant was successful (J. Briggler personal 
communication 2003).

If the smooth green snake is found to be 
extirpated from areas in the West, translocation of 
specimens from other healthy populations could be 
considered. Dodd and Seigel (1991) discussed the 
preparation, procedures, and potential problems of 
translocation programs. However, attempts to apply 
these techniques to reptiles, and smooth green snakes 
in particular, have not met with much success. Any 
attempts to do so in the future should take into account 
the wide range of concerns that Dodd and Seigel 
discuss. They emphasize that reintroduction efforts 
require considerable background knowledge of both the 
biology of the species and the environments from which 
it comes and to which it is being reintroduced. Such 
detailed knowledge is not currently available for areas 
in Region 2 where translocation might be considered or 
for the populations of smooth green snakes that now 
exist in Region 2. Consequently, we do not advocate the 

use of reintroductions to conserve this species, except 
as a last resort.

Information Needs

Data on all aspects of the basic biology and 
ecology of the smooth green snake in Region 2 are 
needed. Most important is basic inventory. Few 
herpetological studies have focused on this species, 
and most of those were conducted in ecoregions of 
North America other than those found in Region 2. The 
snake is restricted in areal extent in Region 2, probably 
because of the general paucity of mesic habitat and 
the distance between those habitats within Region 2. 
Recent efforts by the state of South Dakota (Smith et 
al. 2005) to survey amphibian and reptiles throughout 
the state have added considerable data for smooth green 
snakes in the Black Hills. Ongoing work by M. Hall 
on the ecologically similar Black Hills redbelly snake 
has also contributed to the knowledge of smooth green 
snakes since these species co-occur in the Black Hills. 
Similar basic inventories are needed in Wyoming, 
Colorado, New Mexico, Utah, and the eastern Great 
Plains in Nebraska and South Dakota. The following 
is a list of research priorities for smooth green snakes 
in Region 2:

v Most importantly and most urgently, is 
an overall inventory of the species and 
its potential habitats in the region. First 
priority should be to survey all locations of 
historically known populations in Region 2, 
especially on or near NFS units, to reaffirm 
the presence of the species at these sites and 
to assess the status of extant populations.

v Next in priority is an inventory to assess and 
survey potential habitat within lands managed 
by the USFS in Region 2. The use of species 
distribution models (e.g., Beauvais et al. 
in preparation, Beauvais and Smith 2005) 
would be helpful in this regard. Figure 3 
is one possible example. Extension of the 
distribution map area and associated data 
used in the model into North Dakota, New 
Mexico, and Utah would probably have a 
significant effect on model quality, given the 
presence of important smooth green snake 
populations in these states. In addition, the 
development of a Habitat Suitability Index for 
this species and other sympatric snake species 
would be useful. To date no such indices exist 
for any North American reptile except the 
American alligator (NWRC website 2005). 
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In conjunction with predictive distribution 
mapping techniques, such models would help 
to focus future survey efforts on the most 
appropriate locations in Region 2 and serve as 
a standard by which current habitat conditions 
may be assessed. Predictive distribution maps, 
with their associated statistical analyses, and a 
Habitat Suitability Index might be particularly 
useful conservation tools for this species, 
given its disjunct distribution and wide range. 
In the process of such a study, ancillary 
natural history and habitat association data 
could be collected. When complete, a much 
stronger sense of the geographic extent of the 
species, size of populations, and the degree 
of connectivity or isolation of populations 
would emerge.

v At least one long-term mark-recapture 
study should be initiated in either the 
Black Hills or Bear Lodge Mountains, 
which would include a number of small 
subpopulations. This would be the best 
way to obtain data on metapopulation 
dynamics, the probability and extent of 
dispersal, and the characteristics of corridors 
between subpopulations. If sufficiently small 
transmitters could be obtained, such a study 
could be supplemented with radiotelemetry 
data to examine in detail the movements of 
individual snakes. Ideally, mark-recapture 
studies could be replicated in other locations 
to more fully elucidate the range of life 
history traits and population parameters.

v Intensive studies of individual marked 
animals should be initiated to understand the 
variability of habitat and microhabitat use, 
locations and characteristics of shedding, 
thermoregulation, and oviposition sites, and 
behavioral differences due to sex and age. 
Such studies can reveal significant variation 
among individuals in the same population 
(Redder 1994). Because smooth green snakes 
live at or near the latitudinal and elevational 
limits of their distribution in Region 2, and 
because they are likely to be facultatively 
viviparous, they could be a model organism 
for the study of ophidian thermoregulation, 

life history strategy, and reproductive 
flexibility. Because of their sensitivity to 
changes in invertebrate abundance and their 
sensitivity to environmental temperatures, 
smooth green snakes and other small 
insectivorous snake species might also be 
ideal organisms for tracking some of the 
biological effects of climate change.

v Smith has initiated a study of morphological 
and genetic variability in the Black Hills, Bear 
Lodge Mountains, and eastern South Dakota 
populations as compared to other localities 
throughout the species’ range to determine 
the range of genetic variability within and 
between the isolated populations. These data 
can give some initial estimate of the genetic 
distinctiveness of isolated populations and the 
extent of gene flow.

v Because of the importance of hibernacula 
for over-winter survival, special effort in 
locating, protecting, and characterizing 
these sites is warranted. Protection of these 
hibernacula and the surrounding areas may 
be among the most important conservation 
actions that can be undertaken for both 
smooth green snakes and other sympatric 
reptile species. Knowledge of these 
hibernacula might contribute significantly to 
our knowledge of the relationships between 
smooth green snakes and other potentially 
sympatric communal denning species. It 
is also important to determine whether 
hibernation in ant hills occurs in western 
populations, as is the case at the northern limit 
of its distribution in Canada. Data on possible 
extreme mortality events that are likely to 
occur in its mountain habitats would also be 
invaluable in understanding a major mortality 
factor in small, cold-climate snakes.

v Data on the types, amounts, and locations 
of use of various biocides in areas of high 
smooth green snake density should be 
collected to estimate the direct and indirect 
effects of such chemicals on the habitats, 
prey, and individual snakes and populations 
of these and other sympatric reptiles.
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APPENDIX

Matrix Population Model

Life cycle graph and model development

The life history described by Stebbins (1985) 
provided the basis for a life cycle graph (Figure A1) 
and a matrix population analysis with a post-breeding 
census (Cochran and Ellner 1992, McDonald and 
Caswell 1993, Caswell 2000) for the smooth green 
snake. The model has two kinds of input terms: P

i
 

describing survival rates and m
i
 describing fertilities 

(Table A1). Table A1a shows the symbolic terms in the 
projection matrix corresponding to the life cycle graph. 
Table A1b gives the corresponding numeric values.

The model assumes female demographic 
dominance so that, for example, fertilities are given as 
female offspring per female. The population growth rate, 
λ, is 1.000 based on the estimated vital rates used for the 
matrix. Although this suggests a stationary population, 
the value is subject to the many assumptions used to 
derive the transitions and should not be interpreted as an 
indication of the general well-being and stability of the 
population. Other parts of the analysis provide a better 
guide for assessment.

Sensitivity analysis

A useful indication of the state of the population 
comes from the sensitivity and elasticity analyses. 
Sensitivity is the effect on λ of an absolute change 
in the vital rates (a

ij
, the arcs in the life cycle graph 

[Figure A1] and the cells in the matrix, A [Table A1]). 
Sensitivity analysis provides several kinds of useful 
information (see Caswell 2000). First, sensitivities 
show “how important” a given vital rate is to λ or 
fitness. For example, one can use sensitivities to assess 
the relative importance of survival (P

i
) and reproductive 

(F
i
) transitions. Second, sensitivities can be used to 

evaluate the effects of inaccurate estimation of vital 
rates from field studies. Inaccuracy will usually be due 
to a paucity of data, but it could also result from the use 
of inappropriate estimation techniques or other errors 
of analysis. In order to improve the accuracy of the 
models, researchers should concentrate additional effort 
on transitions with large sensitivities. Third, sensitivities 
can quantify the effects of environmental perturbations, 
wherever those can be linked to effects on stage-
specific survival or fertility rates. Fourth, managers 
can concentrate on the most important transitions. For 
example, they can assess which stages or vital rates are 
most critical to increasing λ of endangered species or 
the “weak links” in the life cycle of a pest. Table A2 
shows the “possible sensitivities only” matrix for this 
analysis (one can calculate sensitivities for non-existent 
transitions, but these are usually either meaningless or 
biologically impossible – for example, the sensitivity of 
λ to moving from Age-class 3 to Age-class 2).

In general, changes that affect one type of age 
class or stage will also affect all similar age classes or 
stages. For example, any factor that changes the annual 
survival rate of Age-class 2 females is very likely to 
cause similar changes in the survival rates of other 
“adult” reproductive females (those in Age-classes 3 
through 6). Therefore, it is usually appropriate to assess 

Figure A1. Life cycle graph for the smooth green snake. The numbered circles (nodes) represent the seven age classes. 
The arrows (arcs) connecting the nodes represent the vital rates – transitions between age classes such as survival (P

ji
) 

or fertility (the arcs pointing back toward the first node). Note that reproduction begins in the second year.

1 2 3 4 5 6
0.175 0.75 0.75 0.75 0.75

1.875 2.25 2.25

7
0.75

F
i
 = P

i
 * m

i 
* = 0.75 * 2.5 = 1.875

1.5
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Stage 1 2 3 4 5 6 7

1 P
a
m

2
P

a
m

3
P

a
m

4
P

a
m

5
P

a
m

6

2 P
21

3 P
a

4 P
a

5 P
a

6 P
a

7 P
a

Table A1a. Symbolic values.

Stage 1 2 3 4 5 6 7

1 1.5 1.875 2.25 2.25 1.875

2 0.175

3 0.75

4 0.75

5 0.75

6 0.75

7 0.75

Table A1b. Numeric values.

Table A1c. Parameter values for the component terms (P
i
 and m

i
) that make up the vital rates in the projection matrix 

for smooth green snakes.
Parameter Numeric value Interpretation

m
2

2.0 Number of female offspring produced by a female of Age-class 2

m
3

2.5 Number of female offspring produced by a female of Age-class 3

m
4

3.0 Number of female offspring produced by a female of Age-class 4

m
5

3.0 Number of female offspring produced by a female of Age-class 5

m
6

2.5 Number of female offspring produced by a female of Age-class 6

P
21

0.175 First-year survival rate (Age-class 1)

P
a

0.75 Annual survival rate of reproductives (Age-class 2 and older)

Table A1. The input matrix of vital rates, A (with cells a
ij
) corresponding to the smooth green snake life cycle graph 

(Figure A1).

the summed sensitivities for similar sets of transitions 
(vital rates). For this model, the result is that the 
sensitivity of l to first-year survival (1.586; 68 percent 
of total) is the most important transition. The summed 
“reproductive” survival sensitivity is 0.593 (25 percent 
of total). The smooth green snake shows less sensitivity 
(0.147; 6 percent of total) to changes in fertility (the first 
row of the matrix in Table A2). The major conclusion 
from the sensitivity analysis is that first-year survival is 
the key to population viability.

Elasticity analysis

Elasticities are useful in resolving a problem 
of scale that can affect conclusions drawn from the 
sensitivities. Interpreting sensitivities can be somewhat 
misleading because survival rates and reproductive 
rates are measured on different scales. For instance, 
a change of 0.5 in survival may represent a major 
alteration (e.g., a change from a survival rate of 90 to 40 
percent). On the other hand, a change of 0.5 in fertility 



40 41

may be a very small proportional alteration (e.g., a 
change from a clutch of 3,000 eggs to 2,999.5 eggs). 
Elasticities are the sensitivities of λ to proportional 
changes in the vital rates (a

ij
) and thus largely avoid 

the problem of differences in units of measurement. 
The elasticities have the useful property of summing 
to 1.0. The difference between sensitivity and elasticity 
conclusions results from the weighting of the elasticities 
by the value of the original arc coefficients (the a

ij
 cells 

of the projection matrix). Management conclusions will 
depend on whether changes in vital rates are likely to 
be absolute (guided by sensitivities) or proportional 
(guided by elasticities). By using elasticities, one can 
further assess key life history transitions and stages as 
well as the relative importance of reproduction (F

i
) and 

survival (P
i
) for a given species.

Elasticities for smooth green snakes are shown in 
Table A3. The λ of smooth green snakes is most elastic 
to changes in first-year survival (Age-class 1), followed 
by survival at age of first reproduction (Age-class 2) and 
survival of third-year individuals (Age-class 3). The 
sensitivities and elasticities for smooth green snakes 

correspond exactly in rank magnitude of the three 
most important transitions, a phenomenon that is not 
always the case in other life histories (cf. Townsend’s 
big-eared bat, plains killifish). Survival rates through 
the first three age-classes are the data elements that 
warrant careful monitoring in order to refine the matrix 
demographic analysis.

Partial sensitivity and elasticity

Partial sensitivity and elasticity analysis assesses 
the impact on λ of changes in “lower-level terms” 
(Caswell 2000, pp. 218 and 232). Some transitions (e.g., 
the F

i
) include lower-level component terms (P

i
, m

i
, and 

B
i
) related to the different kinds of transitions in the life 

cycle (e.g., survival, fertility, and breeding probability 
terms). Partial sensitivity results indicate that changes 
in the P

i
 (survival rates) will have by far the greatest 

impact on λ (95.8 percent of the total partial sensitivity). 
Changes in fertility (m

i
) will have far less impact on λ 

(4.2 percent of the total partial sensitivity). Similarly, 
P

i
 terms account for 78.4 percent of the total partial 

elasticity, with 21.6 percent accounted for by m
i
 terms. 

Stage 1 2 3 4 5 6 7

1 0.049 0.036 0.027 0.020 0.015

2 1.586

3 0.273

4 0.182

5 0.100

6 0.038

7 0.000

Table A2. Possible sensitivities only matrix, S
p
 (blank cells correspond to zeros in original matrix, A). The three 

transitions to which the λ of smooth green snakes is most sensitive are highlighted: first-year survival (s
21

 = 1.586), the 
survival of females at age of first reproduction (s

32
 = 0.273), and the survival of third-year females (s

43
 =0.182).

Stage 1 2 3 4 5 6 7

1 0.049 0.036 0.027 0.020 0.015

2 1.586

3 0.273

4 0.182

5 0.100

6 0.038

7 0.000

Table A3. Elasticity matrix, E (remainder of matrix consists of zeros). The λ of smooth green snakes is most elastic to 
changes in first-year survival (e

21
 = 0.2776), followed by the survival of females at the age of first reproduction (e

32
 = 

0.2047) and the survival of third-year females (e
43

 = 0.1364).
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Again, every aspect of the analysis suggests that smooth 
green snakes are most susceptible to environmental 
change or habitat degradation that affects survival.

Other demographic parameters

The stable (st)age distribution (SAD; Table 
A4) describes the proportion of each stage (or age 
class) in a population at demographic equilibrium. 
Under a deterministic model, any unchanging matrix 
will converge on a population structure that follows 
the stable age distribution, regardless of whether the 
population is declining, stationary or increasing.

Under most conditions, populations not at 
equilibrium will converge to the SAD within 20 to 100 
census intervals. For the smooth green snake at the time 
of the post-breeding annual census (just after the end of 
the breeding season), newborns represent 64 percent of 
the population, and the remaining 36 percent consists of 
adult stages.

Reproductive values (Table A5) can be thought 
of as describing the “value” of a stage as a seed for 
population growth relative to that of the first (newborn 
or, in this case, egg) stage. The reproductive value of 
the first stage is always 1.0. A female individual in 

Age-class 2 is “worth” 5.7 female newborns, and so on 
(Caswell 2000). The reproductive value is calculated as 
a weighted sum of the present and future reproductive 
output of a stage discounted by the probability of 
surviving (Williams 1966). As in many species, the peak 
reproductive value (5.7 at Age-class 2) is considerably 
higher than that of the newborns (Table A4) and occurs 
at the age of first reproduction (Keyfitz 1985). We see 
that first-time breeder females are the most important 
stage in the life cycle. The cohort generation time for 
smooth green snake is 3.6 years (SD = 1.3 years).

Stochastic model

We conducted a stochastic matrix analysis for 
smooth green snakes. We incorporated stochasticity in 
several ways, by varying different combinations of vital 
rates or by varying the amount of stochastic fluctuation 
(Table A6). Under Variant 1, we altered the fertilities 
(F

i
). Under Variant 2, we varied only the survival of 

the female newborns, P
21

. Under Variant 3, we varied 
the survival of all age classes, P

i
. Variant 4 varied both 

first-year survival and the fertilities. Each run consisted 
of 2,000 census intervals (years) beginning with a 
population size of 10,000 distributed according to the 
Stable Age Distribution (SAD) under the deterministic 
model. Beginning at the SAD helps avoid the effects 

Table A4. Stable age distribution (right eigenvector) for females. At the census, 64 percent of the individuals in the 
population should be newborns. The remaining 36 percent will be reproductive adults.

Age Class Description Proportion
1 Newborns 0.635
2 First reproduction (F

i
 = 1.5) 0.111

3 Reproductive (F
i
 = 1.875) 0.083

4 Reproductive (F
i
 = 2.25) 0.062

5 Reproductive (F
i
 = 2.25) 0.047

6 Reproductive (F
i
= 1.875) 0.035

7 Maximum Age Class 0.026

Table A5. Reproductive values for females. Reproductive values can be thought of as describing the “value” of an 
age class as a seed for population growth relative to that of the first (newborn or, in this case, egg) age class. The 
reproductive value of the first age class is always 1.0. The peak reproductive value is highlighted.

Age Class Description Proportion
1 Newborns 1.00
2 First reproduction (F

i
 = 1.5) 5.71

3 Reproductive (F
i
 = 1.875) 5.62

4 Reproductive (F
i
= 2.25) 4.99

5 Reproductive (F
i
 = 2.25) 3.66

6 Reproductive (F
i
 = 1.875) 1.88

7 Maximum Age Class 0.00
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of transient, non-equilibrium dynamics. The overall 
simulation consisted of 100 runs (each with 2,000 
cycles). We varied the amount of fluctuation by 
changing the standard deviation of the random normal 
distribution from which the stochastic vital rates were 
selected. The default value was a standard deviation of 
one quarter of the “mean” (with this “mean” set at the 
value of the original matrix entry [vital rate], a

ij
 under 

the deterministic analysis). Variant 5 affected the same 
transition as Variant 3 (P

i
) but was subjected to slightly 

larger variation (SD was 1 / 3.5 [= 0.286 compared to 
0.25] of the mean). We calculated the stochastic growth 
rate, logλ

S
, according to Eqn. 14.61 of Caswell (2000), 

after discarding the first 1,000 cycles to further avoid 
transient dynamics.

The stochastic model (Table A6) produced two 
major results. First, altering the survival rates had 
a much more dramatic effect on λ  than did altering 
all the fertilities. For example, the median ending 
size under the varying fertilities of Variant 1 showed 
a moderate decline (from the starting size of 10,000 
to the ending size of 3,270.5). In contrast, varying 
the survival of newborns under Variant 2 resulted in a 
dramatically lower median ending size of 86.6. Varying 
the survival rates of all age classes under Variant 3 
resulted in a further decline of median size (29.5). 
This difference in the effects of stochastic variation 
is predictable from the sensitivities and elasticities. 
λ was much more sensitive to changes in first-year 
survival, P

21
 than it was to changes in the entire set of 

fertilities, F
i
. Second, stochasticity has a negative effect 

on population dynamics. This negative effect occurs 
despite the fact that the average vital rates remain the 

same as under the deterministic model – the random 
selections are from a symmetrical distribution. This 
apparent paradox is due to the lognormal distribution 
of stochastic ending population sizes (Caswell 2000). 
The lognormal distribution has the property that the 
mean exceeds the median, which exceeds the mode. 
Any particular realization will therefore be most likely 
to end at a population size considerably lower than 
the initial population size. For smooth green snakes 
under the survival Variant 3, 60 out of 100 trials of 
stochastic projection went to extinction vs. 0 under the 
fertilities Variant 1. Variant 5 shows that the magnitude 
of fluctuation has a potentially large impact on the 
detrimental effects of stochasticity. Increasing the 
magnitude of fluctuation also increased the severity 
of the negative impacts – the number of extinctions 
went from 60 in Variant 3 to 83 in Variant 5 when 
the magnitude of fluctuation was slightly amplified. 
These results suggest that populations of smooth green 
snakes are relatively tolerant to stochastic fluctuations 
in production of newborns (due, for example, to annual 
climatic change or to human disturbance) but extremely 
vulnerable to variations in survival. Pfister (1998) 
showed that for a wide range of empirical life histories, 
sensitivity or elasticity was negatively correlated with 
high rates of temporal variation. That is, most species 
appear to have responded to strong selection by 
having low variability for sensitive transitions in their 
life cycles. A possible concern is that anthropogenic 
impacts may induce variation in previously invariant 
vital rates (such as annual adult survival), with 
consequent detrimental effects on population dynamics. 
For species, such as the smooth green snake, that show 
high sensitivity of λ to first-year survival, a further 

Table A6. Summary of five variants of stochastic projections for smooth green snakes.
Case 1 Case 2 Case 3 Case 4 Case 5

Input factors:
Affected cells F

i
P

21
P

i
F

i
 + F

21
P

i

S.D. of random normal distribution 1/4 1/4 1/4 1/4 1/3.5
Output values:

Deterministic λ 1.00000 1.00000 1.00000 1.00000 1.00000
# Extinctions/100 trials 0 17 60 30 83
Mean extinction time — 1,568.2 1,258.0 1,593.4 1084.8
# Declines/# survived pop 73/100 78/83 39/40 61/70 16/17
Mean ending population size 12,568.2 10,779.8 40,74.5 54,641.7 3,889.5

Standard deviation 43,180.5 70,293.4 22,472.0 419,006.3 13,954.3
Median ending population size 3,270.52 86.59 29.49 97.77 157.56
Log λ

s
-0.000692 -0.00287 -0.00596 -0.003 -0.00838

λ
s

0.9993 0.9971 0.9941 0.997 0.9917
% reduction in λ 0.0695 0.287 0.595 0.302 0.835
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concern is that selection may be relatively ineffective 
in reducing the variability in survival that surely results 
from a host of biotic and abiotic factors.

Potential refinements of the models

Clearly, the better the data on survival rates, the 
more accurate the resulting analysis. Data from natural 
populations on the range of variability in the vital rates 
would allow more realistic functions to model stochastic 
fluctuations. For example, time series based on actual 
temporal or spatial variability, would allow construction 
of a series of “stochastic” matrices that mirrored actual 
variation. One advantage of such a series would be 
the incorporation of observed correlations between 
variation in vital rates. Where we varied F

i
 and P

i
 

values simultaneously, we assumed that the variation 
was uncorrelated, based on the assumption that factors 
affecting reproduction and, for example, overwinter 
survival would occur at different seasons or be due to 
different and likely uncorrelated factors (e.g., predation 

load vs. climatic severity or water levels). Using 
observed correlations would improve on this assumption 
by incorporating forces that we did not consider. Those 
forces may drive greater positive or negative correlation 
among life history traits. Other potential refinements 
include incorporating density-dependent effects. At 
present, the data appear insufficient to assess reasonable 
functions governing density dependence.

A final note of caution: there is evidence that in 
more rigorous climates, smooth green snake females 
may delay breeding until their third year and that 
conditions may not be sufficient in some years for 
females to accumulate fat for annual reproduction. This 
suggests that the specific numerical estimates provided 
by these models may be somewhat optimistic, although 
the fundamental conclusions revealed by these models 
remains the same. Survival of the youngest reproductive 
females during the first, and perhaps second, year of 
reproduction remains the most important demographic 
stage for this species.
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